Al+E ZHl = §-8 | iPhone OS Sound Programming

#| 5% Core Audio For iPhone OS




1.
2.

3.

Introduction
What is Core Audio?
Core Audio Essentials

1)
2)
3)
4)
5)
6)
7)
8)
9)

API Architectural Layers

Frameworks

Proxy Objects

Properties, Scopes, and Elements

Callback Functions: Interacting with Core Audio
Audio Data Formats

Data Format Conversion

Sound Files

Sound Streams

10) Audio Sessions: Cooperating with Core Audio




1. Introduction
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2. What Is Core Audio?

e Core Audio
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2. What Is Core Audio?
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Digital Audio and Linear PCM &

o TIHEE2] Core Audio A 8| ~= 7F3 dHbA Q] v|t= HXA|E 2 2
@) =

&5t A ¢
« HAYE ey d3Zgd 2 AARJ]N AL ufj ol g2 oY 2 459
& 53] PCM Hl°|H #=(sampling rate) 2 2172 Al

Z} A Z (resolution =2 bit depth)l ¥H=°] %l 16bit

- ¥+ CheYye
4~9] 44kHz sampling rateE A}-&

- o ~ -
Sample @Y A= G SAZ A @

(K

7]

Frame Al ZFo] A %] 8} +=(time-coincident) A Z 52| 2. o)) ~H | 2 AlE= A &
7 7

e (
o O =
packer SHoldel @ Zajelsel mel. ML Fojdl 20| loje] HAo|A b
N K= S




2. What Is Core Audio?
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Digital Audio and Linear PCM &
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2. What Is Core Audio?
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2. What Is Core Audio?

= /i
The Hardware Abstraction Layer &

« HAL(hardware abstraction layer)
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3. Core Audio Essentials
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3. Core Audio Essentials

API Architectural Layers

e Core Audio= 93t TZ 19 Qg o] 2= 971 9] glo]o & 74
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High-Level Services

[ AVAudioPlayer (iPhone only) ] [ Audio Queue Services ]

[ Extended Audio File Services |

Mid-Level Services

[ Audio Converter Services | ( Audio File Services |

[ Audio Unit Servioes] [Audio Processing Graph Services]

| Core Audio Clock Services | ( Audio File Stream Services |

Low-Level Services

( vokit | [ AudioHAL | [ CoreMiDI |

Host Time Services ]

719 2-1 The three API layers of Core Audio
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3. Core Audio Essentials

API Architectural Layers

o Core Audio®E &gt ZZ 18" QI H o]~ AW &
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Description
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3. Core Audio Essentials

Frameworks

o« EH 7} A= tHE i0S9 Core Audio Z#| Y £

framework e

Audio Toolbox framework
(AudioToolbox.framework)

Audio Unit framework
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AV Foundation framework
(AVFoundation.framework)

Core Audio framework
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OpenAL framework
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. Core Audio Essentials

Proxy Objects
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3. Core Audio Essentials

Properties, Scopes and Element (1/2)
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3. Core Audio Essentials

Properties, Scopes and Element (2/2)
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3. Core Audio Essentials

Callback Functions: Interacting with Core Audio
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3. Core Audio Essentials

Callback Functions: Interacting with Core Audio

% 3
- dseld et $gTe e 2US HAG] LIANAL £2T 5 AS
— 0f) Audio Queue Services= 2C|2 CH7 | 2ol M S HAE ulf, oA X| o
HIS 3 4= QIE 2 5= ZuHof Cist HZ (73 7=, AudioQueue.h of Moig|
of AS)S HA
typedef void (*AudioQueuePropertyListenerProc) (
void * inUserData,
AudioQueueRef inAQ,
AudioQueuePropertyID inID
) ;

Code 2-1 A template for a callback function
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3. Core Audio Essentials

Callback Functions: Interacting with Core Audio

Eig

=0‘_12

» SEZEIHANAM B9 7 B AMES 9
1

*  Objective-C 2 2= B ool whe}, S 7 o Fol 2 F S ok T D>
<< body 2ol A4 AA(ZLE o Al o A = inUserData)ell 25 73
7] ¢ 3} statement”} Q) 7] W &

© Code2-2 A 202 719 AAA 54 WA §H3] A9 4

sU 2G5S A WY

static void propertylListenerCallback (

void *inUserData,
AudioQueueRef queueObject,
AudioQueuePropertyID propertyID

) |
AudioPlayer *player = (AudioPlayer *) inUserData;

// MY LEME=Z XX
[player.notificationDelegate updateUserInterfaceOnAudioQueueStateChange: player];
// notificationDelegate ZE{A+ UI HO|E H|A=EE 78

Code 2-2 A property listener callback implementation
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3. Core Audio Essentials

Callback Functions: Interacting with Core Audio
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self.queuelObject,

self

AudioQueueAddPropertyListener (

kAudioQueueProperty IsRunning,
propertylListenerCallback,

// the object that will invoke your callback
// the ID of the property you want to listen for
// a reference to your callback function

Code 2-3 Registering a property listener callback
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3. Core Audio Essentials

Audio Data Formats

e Core Audio= 2.t] ¢ dlo]E] a2l that Al F x2S Qg 9 A 3

e Audio Data Format

— A Z¥ H] & (Sample rate), H] E Z o] (bit depth), = Z! 3}(packetization )<}
= X33k 2t 2 dloly 1 A}A|

« Audio File Format
— 2y e HeolH, 2t 2 vEH oY, A= 3t of i g+ 3} d A| 2= v E}
Ho|H 7l g2z AL A FEEH AU =R A1

(04] MP3) U}E vl & kg et @ Hloly U AEZ3(4,
Apple2] CAF)
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3. Core Audio Essentials

Audio Data Formats

Universal Data Types in Core Audio (1/2 &
« Core Audio9 A HE &= 25 2 doly A4

— AudioStreamBasicDescription <} AudioStreamPacketDescription
— E % CoreAudioTypes.h 3| Lo AAE U=

« AudioStreamBasicDescription

struct AudioStreamBasicDescription { .cﬂ H]O]EiE}stﬂ o]%%g]‘Streanlujrx]u}
-y
Float64 mSampleRate; Core Audio‘HQ] J_q o Eﬂ ]]:4 —E,—ﬂ/\](/\Ea
UInt32 mFormatID; el o] old ¥ 94 .L?)‘]-)-—- tf £t Y8l 2

UInt32 mFormatFlags;
UInt32 mBytesPerPacket;
UInt32 mFramesPerPacket;
UInt32 mBytesPerFrame;

8.2 b BE Q6 2o 4 AL o] B
]E.;qo] eule g gyolgty Az S
At ol 5 J‘Streamﬁ_ﬁl 2 Aol st=4

UInt32 mChannelsPerFrame; 01 ]'4' a2 XES 101 ‘?:tﬂ o=2 9 E] a H] ]E1 9] O]
UInt32 mBitsPerChannel; ] ‘é&% U:H U]’E]' XH /‘g o= 'téz'ozl %‘il"t; /\]'/g
UInt32 mReserved; // 0| Hlb{= Al (—1 , 2~2EEDE Yeh = A 9.
s 0 242 7hx{of &
typedef struct « ‘audio stream basic description’ © = 3}<]
‘ASBD' & =22 A & 7 S AY.

Code 2-4 The AudioStreamBasicDescription data type




3. Core Audio Essentials

Audio Data Formats

Universal Data Types in Core Audio (2/2)

« AudioStreamPacketDescription

struct AudioStreamPacketDescription ({

SInt64 mStartOffset;
UInt32 mVariableFramesInPacket; /] O M &= 0 22 H=ch

UInt32 mDataByteSize;

}i
typedef struct AudioStreamPacketDescription
AudioStreamPacketDescription:

Code 2-5 The AudioStreamPacketDescription data type

« o] % 4 ‘Audio Data Format’ol| A X 3}, AudioStreamPacketDescription
$9< 54 45E or e olH 842 A Ao et

« H| EX % & (bit-rate) 2T 2 Hlo|H % %9]

o] +
mVarlableFramesInPacketUﬁ—l‘ﬂ}E} % 0= 25
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3. Core Audio Essentials

Audio Data Formats

Obtaining a Sound File’s Data Format

+ FE Wl ASBDe] WM& A A48 e
Het > e REUH 1S 02

Core Audio ¢ ] #| o] ~ & A}-&-3F,
- (void) openPlaybackFile: (CFURLRef) soundFile {

AudioFileOpenURL (
(CFURLRef) self.audioFileURL,
0x01, /] A7 HES
kAudioFileCAFType,
&audioFilelD

)

UInt32 sizeOfPlaybackFormatASBDStruct = sizeof ([self audioFormat]) ;

AudioFileGetProperty (
[self audioFilelID],
kAudioFilePropertyDataFormat,
&sizeOfPlaybackFormatASBDStruct,

&audioFormat // AMRE 2ol asepZt o{7|o Z|E =

);

Code 2-6 Obtaining an audio stream basic description for playing a sound file
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3. Core Audio Essentials

Audio Data Formats

Canonical Audio Data Formats (1/2) g
. ?—é Aol I} Core Audio= tha F 459 9n|oA &
F 714 A2l (canonical) 2 Y 2 dlolH &2 7H 4 =
- WA S Yo R g4
— Core Audio®l| A A 8] 2=0f tf gt 29 & A 3} 5o =
— 718, 52 7, X9, G4lo] ASBDE} th2 A A kA e kS )

e Core Audio®] &2} x4

I S ™ S

i0S %1 /=49 16bit %4 4=2] Linear PCM A1 =
i0S oY R E 2t X 8.24bit 117%) A~9=7 2] Noninterleaved Linear PCM A =
MacOSx /=4 32bit 5443 Linear PCM A &

(@] . o o
Mac OS X YL FHRIATE UL gopit 2= 224 Noninterleaved Linear PCM A =
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3. Core Audio Essentials

Audio Data Formats

[
Canonical Audio Data Formats (2/2) &

« ASBD9] o) F 712l A1d, 44.1kHz sample rate2] % 2] iPhone 2.t &
TG AE 29

Ltruct AudioStreamBasicDescription {
mSampleRate = 44100.0;
mFormatID = kAudioFormatLinearPCM;
mFormatFlags = kAudioFormatFlagsAudioUnitCanonical;
mBytesPerPacket = 1 * sizeof (AudioUnitSampleType) ; // 8
mFramesPerPacket = 1;
mBytesPerFrame = 1 * sizeof (AudioUnitSampleType) ; // 8
mChannelsPerFrame = 2;
mBitsPerChannel = 8 * sizeof (AudioUnitSampleType) ; // 32
mReserved = 0;

}i

— Wz ArEE &5, HO[HEIRI= CoreAudioTypes.hut@ o ¢4
— AudioUnitSampleType Hl°|H B} = AF&5F= A& A WA Q1 1059}
Mac OS Xl A ASBD”} & 72| &4 QI (agnostic) -*3”301 = AS HAk
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3. Core Audio Essentials

Audio Data Formats

=g =
Magic Cookies (1/2) g

« Core Audio & & of| A v}
O]O]‘/}’\E‘T”Oﬂ HAEH &=

« HWEHoHE Fdojy 2EH S5 AU =ZE 7] sl E a3k A
- Abel-& t] 6 (decoder)©l A

. 7)22}+E= Black box2A] vE 7] 2 H Fatw £3HE v EHolEHE &
Abela 9 3 AFE-817] 98l Core Audio T2 A48
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3. Core Audio Essentials

Audio Data Formats

g~
Magic Cookies (2/2) g

-+ ) eH e tgi7Id AAE A 98 Al s A 2EY vy T
g A A st= U

(void) copyMagicCookieToQueue: (AudioQueueRef)queue fromFile: (AudioFilelID)file ({ |

oo Yol ~

. . . , deme A~ Audio File Services,
. . AudioToolbox/AudioToolbox.h,
OSStatus result = AudioFileGetPropertyInfo ( ‘AudioFile.h x/ *

file, kAudioFilePropertyi ?}CC°°k%ﬁ93§3&|ﬁ%f%iféﬁxg}ze’ NULL
);

if (!result && propertySize)o{ip, %4 ID, =2 44 709 byte Abel =, 44 4t

char *cookie = (char *) malloc (property

AudioFileGetProperty (

vy
[A]
[
N
(L)

~

file, kAudJ.oFJ.lePro?/efater_g_agéc_%%ogljJﬁ%aéa%, &propertySize, cookie

);
AudioQueneSetProperiy o= #u{o] Alo|=, Z41 IDO|AM HAE A S2 7t Audio Queue Services,

. AudioToolbox/AudioToolbox.h,
queue, kAudioQueuePropgrky HagicCiuokie]tilcookie, propertySize AudioQueueh

);
fre{e/ Og(l)%kﬁlkl_él)%., =M 1D, MAE ML &M HIo|E AlO|=
4

Code 2-7 Using a magic cookie when playing a sound file
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3. Core Audio Essentials

Audio Data Formats

s
Audio Data Packets &

« 37l (Packet)
— 6‘]-14-0]%9] ﬁgﬂo]g 1:1.9.
~ oo HolE Eohel #0111 Fe olu] gl el e 1
> oo HUA AT IS g EeE orl e dole e Hu T

- e ou_@_vﬂ R MOHMEA}%}
(41, Code 2-8 th& &éfel =, o121 9@ dlolel ol AA e 2 ol
2 A7) 918) olH Aol 2 AP v A=)

-h
X
Ulo

. RE gﬂ o lolEl Tl & T A0l g el e g ow B
o] ¢} = mBytesPerPacket2}
J
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3. Core Audio Essentials

Audio Data Formats

g~
Audio Data Packets g

- (void) calculateSizesFor: (Float64) seconds {

UInt32 maxPacketSize;
UInt32 propertySize = sizeof (maxPacketSize);

AudioFileGetProperty (

audioFileID, kAudioFilePropertyPacketSizeUpperBound, &propertySize, &maxPacketSize
);

static const int maxBufferSize
static const int minBufferSize

0x10000; // =t 64K AlO|=
0x4000; // Z 2 16K AlO|=

if (audioFormat.mFramesPerPacket) ({

Float64 numPacketsForTime = audioFormat.mSampleRate / audioFormat.mFramesPerPacket * seconds;
[self setBufferByteSize: numPacketsForTime * maxPacketSize];

} else { //uZ! & =Zzj2o| oo|lH, ZH2 T AZtZte| BAIE ZEEE V|2 HI AO|=E =8EF
[self setBufferByteSize: maxBufferSize > maxPacketSize ? maxBufferSize : maxPacketSize];

// B AO|=E X|HE HRIE nHAIZ

if (bufferByteSize > maxBufferSize && bufferByteSize > maxPacketSize) ({
[self setBufferByteSize: maxBufferSize];

} else {

if (bufferByteSize < minBufferSize) {[self setBufferByteSize: minBufferSize]; }

[self setNumPacketsToRead: self.bufferByteSize / maxPacketSize];

Listing 2-8 Calculating playback buffer size based on packetization
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3. Core Audio Essentials

Audio Data Formats

s
Audio Data Packets &

« Qv o]y oM ALRE = A 7FA] WY FF

CBR (Constant bit rate, € 3 H] E &) Linear PCM, IMA/ADPCM 5. &€ #Z & &S Alo] =

: : W HlE S AAC, Apple Lossles, MP3 5. 25 3712 22 759 = d & 7}
VBR (Variable bit rate, 7}I'H H| E &) A9 G 7 AE gre] H|E i Dahd 2 9o

. S 1o 7} =2 Qo] == 0] O o & o] olulA o
VFR (Variable frame rate, 7P'# Z#| &) AL 2] e 2R AFE 7 R o] FR e iAo

« Core Audio®] Al VBR¢] Y VFR & 2] & A&} ™
AudioStreamPacketDescription T3(code 2-5)& A&
— O] FREATE FJUgM Gd FHZl S Ay st

— VBRO|Y VFR A= 3 2 55 /A A st ™ I o o= 7 sfjZlof] ti gk o] 3
=9 gl B8

« CBR® VBR XY (€WtA o 2 A8 =
ey Q gdoly 2EH n 9=
— HAgE T A A RIS ou] 3 ggxa e R ALH er]e
dlolE] W= Z7] AL A A & AL




3. Core Audio Essentials

Data Format Conversion

o 2UQ HolHEUE Aoz AFsleH, et Q HElY]
(Converter)= A&
— Sample ratet} interleaving/deinterleaving®| ¥ 73 3} 22 kg ¥ 3k
B 2f e t5/3A o 22 3t Wk 8 7hs

o A|7FA] HEEFY
— 292 ¥ > Linear PCM X" tj3Y
 d]) AAC, Advanced Audio Codings
— Linear PCM > ©E& 29 e ¥4
— TFE =59 Linear PCM 7te] ¥ st
) 16bit 4] ¥ & 9*(signed integer) Linear PCM > 8.24 117 &4 (fixed
point) Linear PCM

!

« Audio Queue ServicesE Al-83lH ALs o2 H A3 A& AA H
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3. Core Audio Essentials

Sound Files

« Audio File Services
— do] £33 29 2 dHolH e vEMH o]E o HE, A= I A A o

e AudioFileGetGlobalInfoSize &I : Ust= A EHE HF317] Ha] l=2e &3
e AudioFileGetGlobalInfo &g U= A HE AA g
. AEle] S-S AL 4 9l 4499 1 BEo] AudioFile.nd] Al

2 5 9 9 B, 7t 7] be R Bl v e HolE e

32




3. Core Audio Essentials

Sound Files

g~
Creating a New Sound File &

L A AEE RS BT ghgo] e
CFURL =2 NSURL A9 ZoA gtde] upd A==l 32
= ‘3” Sl A} Sh= o O] BR}J ol th gt 2 A}
« o) CAF 9} S MAM35I8{ ™ kAudioFileCAFType AlHX} AR
— o ¥E 2t Ho]lE o thg ASBD
« Audio File Services®] AudioFileCreateWithURL TF (LS
AudioFileID A& ¢ %) St 2R 9 A JEE A F
AudioFileCreateWithURL (
audioFileURL,
kAudioFileCAFType,

&audioFormat,

kAudioFileFlags_ EraseFile,
&audioFilelID

C
Sl a=

// the function provides the new file object here

Code 2-9 Creating a sound file

2R T, 3L 45 AES 8] AL E T3 3 o] AR B ALE
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3. Core Audio Essentials

Sound Files

Opening a Sound File

o MAZ Y AlTFE FY 2 EHH AudioFileOpenURL T Al-&
J}O]J URL, = q?l ud gl S E, /\}ﬁo},]_x} ol I d H Hek=
D=

— AFAREHE S AEA (FL A = vEHH ol HE A & =
Audio File Services©ll 4] ©]-&& 4 3l = A HA=0] Bx)
e kAudioFilePropertyFileFormat
e kAudioFilePropertyDataFormat
e kAudioFilePropertyMagicCookieData
e kAudioFilePropertyChannelLayout

. VBR 5<e] 4 73 $(podcast) TSl %4 A A 417}
kAudioFilePropertyPacketSizeUpperBound2t
kAudioFilePropertyEstimatedDuration?} &
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3. Core Audio Essentials

Sound Files

= /i
Reading From and Writing To a Sound File &

o A= oA 22 HolHE ¢ a1 27| ¢13 Audio File Services
Atg Sl 2= A2 M2 FE AsYdE 2

. FAYS AR g5E W7tA AeH(block)dtaL, Hlo]| E 52 371 S AL
&t (S 77 v A A AR AF S o U=
— A 3t ¢} 7] /227] = VBR o] Bl vho] &4
— A 7| 5ke] 2 = AFEste] R A A A2 AL

e TAFA 2t HolHE ¢17] Y3 & o E 342 Audio File
Stream Services(th-S %2] Sound Streamol] A A4 ™)

35




3. Core Audio Essentials

Sound Files

Extended Audio File Services

e Linear PCMC.Z(5H) A& Hlo|g H
Services2} Audio Converter Services?] Z

iPhone Audio File Format

« i0SIM A Het=2H 2

3}S- A F 3= Audio File
T8 7leE 2%

s}l

Format name Format filename extensions
AIFF .aif, .aiff
CAF .caf
MPEG-1, layer 3 .mp3
MPEG-2 or MPEG-4 ADTS .aac
MPEG-4 .m4a, mp4
WAV .wav




3. Core Audio Essentials

Sound Files
CAF Files

« i0S, Mac OS X9 ¥4] 2.t] 2 3 X Core Audio Format(CAF)

e i0S 2.0 | Ao A A& V)=
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3. Core Audio Essentials

Sound Streams

- &z zago Folx ey HolHe tE FPRE Hd e $H

« Audio File Stream ServiceE A} 83} AudioFileStreamID B} 9 2.0
Qo ud ~EY HA = AT
] ﬁﬂ]%i E g A o] ] g+ ZE-A] Q—uﬂ%}

-

~ SgzRasd $4 e 9@ 2EH o] ojd ) Hojrtm YeA L F

o

« Audio File Stream Service= 3112 (parsing) = B9 3l ~2EH #H AP S =
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3. Core Audio Essentials

Sound Streams

. S )o ZUPEE gelste] Sam
200 3 2EY AANA £ WA Bk 2ol W (34
kAudioFileStreamProperty ReadyToProducePackets HMO|Al HiZ}of
tH=235t719lsl of 2ug Mo &
AREAZE A HE A Y 52 2~ A
. Audio File Stream Services®] ~E & < 3| 4 3}7] A] 2}
3. e dolE sjzlo] &3] A EHQoeH ST O T B oT] @ 93U ~EF
RHMEOS| kxAudioFileStreamProperty ReadyToProducePackets A=
true(2 A @k 1)= 24 N
4. Audio File Stream Services—

kAudioFileStreamProperty ReadyToProducePackets® &4 ID @t 7 &
grmage &4 gy IS He)e

5 A gay Fue ~e) A4S e eve urd AAE HF e A e A
A RS AT

_ otle HolEd g =uo] " e

« Audio File Stream Services= ¢4 € 2.0 2 tlolH 79| = FH IS writh o] F

Hﬂ ) _Q.%

39




3. Core Audio Essentials

Audio Sessions: Cooperating with Core Audio

« 10SolA & Z 2ol A= AN S skal Yol A st 2T,
— iPhone2 AF-&-2}9] 7|t F <& THESA| Aok 3
— 1Ph0neO] 7§Z§ o 7@-—‘ OH7:] OH O]: EE]— T,q1 7]-7]-§;] ]'5‘3 ?_CSZ_

A G E el ofF &

r o
olo
ofo
|K
il
I
)
o
&)

« 91 244 (Audio Session)
- S&Z 29 THi0S Atel 9 SR}
— Z} iPhone §8 X202 3 &3] slyte] 2t & MAS 7HA 1 =

Q.
/g 2291 X o] el&f Fgo] Hojof shA] opdA

- 2yertd
— oY et 23 A o) FF ok steA] ol d A
— iPod¥} 22 tE 2 27t FAle] oY o7t Al2HE o) Alga A A A = A
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Next Chapter...

1. Audio Session
2. Using Audio in iPhone
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