1998 2 % @B EFTLEREE KL

A

BoCE $ 28 FE IR 9811

AC-3 Decoding

Mleorithm Software

FHA v AP

ol 7l &

Fojryetie
121-79] Al4

ek thabel 5]
vh -'}L 44 E 121

FUNWOOKE wow

Jongik.ac kr

A Study on Implementing of AC-3 Decoding Algorithm Software

Gun-wook Lee ®

In-gvu Park

Dept. of Electrical & Control Eng.,

Graduate School,

Hong Ik

University

72-1 Sangsu-deng Mapo-gu Seoul 121-791
gunwook @ wow hongik ac kr

29

Bigital Audio Compression{AC-3) Standard
Zlgk2 82 &9 0o Borland CH3.1 Compiler
s A}%OH’# AC-3 Decoding Algorithm T @&k,
[nput Streams= VD YOB FileolA] AC-3 Slr(znm‘{}a‘"y W
] ste] ARSI HEF ZBP 16 Bit POV Fileo]u},

AC-32] Frame-f"z5+%= Synchronjzation Ipformation, Bit
Stream  Information. Jdudio Block., Auxiliary Data,
Error Check® /490l Audio Bloekst 1Y 6712
Block @it wpdel] 2ok BsT2h Side Information$:

Z%3ko] Exponent Strateg. <] U
22y Exponent o] &

PRt wbed Exponent £

ub Exponent it Hglghrl el

o] Bit Allocation® =#ala) Z}bzte) Mantissao] @
Gl Bt AlSESEa Stream2 248 Mantiss =
30, Coupling DParamcterd  #E&E9 Coupling
Channel$  Original  Channelil  *21A71c} . Sterco
Hodeoll  thelA¥= Remairixings 73 ghv), D\'nnnm
Ranger Mantissa2l Exponent ©) Magnitudess wb33s

o Mo g alger Fo9vt Mantissa®b Exponent
2 #d@ale] Floating Point Coefficient i ”H._ 5
Inverse Transformss 7 @& PO Datas ?—‘ 4ol

choopeel At B7l #flelAl e Multi Channel & Stereotd
Mono @ Downmix 3 =ashl olgd At whEo] A POV Data
1T PQ Datady AWMk T aaos 2 Bsk 4 alo),

1. MB

AC-3(Audio Compression Third) = Dollwvol & sllvksl 2}
At Digitai  Audio  Compression  7lg& 4 5710
Channel?! RRight) L(Left). C(Centery, SR{Surround
Righl).SL(Surrouml Left)i'} Low Frequeney Channel ¢F
Wooferis #| ek, AC-3i= 91ydel Wzp4leliats o

&3t ‘;]-:,:,- "AES “:\EJ— Audio CDol 717hS- S48
alck, Qdzke] A FuR Al cuﬁ}-ﬂ- A

g oapl b Ak mal Ae] 59 7 g

ol o=t

HAE olBste] B o Glic N0 Bied el
ehiooh. AC-3= ohekE }311 Ratedd 7Falal @loxin 4}
G=Tey whe) Bit Ratedd g rm olrh AC- 23
dulty Chapnel A& & 47 9l ooauan e
Multi-Lingual Mode®  #FF glo] L il & Dubbing¥!
adgby R ‘_‘J Karaoke Mode# 7FAofl &1 nouf
e EY T A 5 otheket Minleg A gleh wlwy
AC-aE 1] woodd, g FelAl VD StandardE AR
v Egh aC-3% HDTV. DSS(Digital  Satellite
Svstem}. DCS(Digital  Cable  System), DIS(Digital
Theater System}aolA Standard ™ af®E]e] olck 1
2ot vl Aol EE FFU el A AC-30 ey
Ao Al

2. AC-3 Audio Frame Structure

AC-2 Stream® Frame a{k"l%’ FAAEn MR o
Atolef Faitbi- Al glo] ZRg] Frame F&F
ok, hbel Frames Header®} CRCH

Frame
7}
bl 67) o)

- 1215 -



198 F 18 ARTF IR E KEFHSEBMA K

WXE ENE OE2HW N

BlockT2Z  olFeo|xl=d el oy vpesr Audio
BlockO Y1 Al Audio Block® Zeld b3 W Data
£oagatar 2tk Audio Block0?) Data?) & o]z
NE O Channe! 52 Exponent® 3 Bit Alloration
information, Coupling Information. *Mantrsonlt Ao

A eleh dulE] Rlgeleddo- o] 3R
iyt o E-E Audio Block0el WwE
T AC-3% gt Frgmeol 1536 Sample
At ZY Audio Blockis& 2596 Samplet
V& AC-32] Frame F32E vrFhd s agelnt,

}‘——‘*—’—— S¥NG FRAME ===

et
PR At

s
ALl & 3LOCK INFORMAT.O

3. AC-3 Decoding =M

Tynohicmzation,
Errgr Decaction

MAZu | ROnmaRE o

Unpace BSF
Sine Information

Diovode bxpanete

Packes Marhssay| LrpacE. Ungroug
Daquantiza Diher
Mannssas

Car-Caunhing

Remamrxing

Cynamic Range
Compreas.an

|laverse Transfonn
Vo
Qveriap Adad

Siua Infg ratan

Expanent Strateges |

Packu: Exponent

Dritver L1z

__Coupling Pararmete s

Reiratining Flugs

Dynamiz_Rangs YWoras

PO M Gttt Butter

19 2. AC-3 Decoding Flow Chart

input Bit Stream

@7 AC-3 Stream WFo. 2 FAE Tiled -fabsar 43

b webs [nput Strean@ @i VD Systown File
{4 ovob)oll Al AC-3 Stream¥HE  whas HYl#lA] Input
Stream®@ i AYR5LETH. o] Test  Stream  4dkHz

Sampling Rate#2} 5.1 Channel® A Y8 AC-3 Stream
o![;]._

Synchronization and Error Detection
Frame@l  ST{(Synchronization  Information) BlockS
syncword, crcl , fscod, frmsizecod® TA%w =
A0 BitsiL Al slolglu))
syncwordc: Frame®) A9 43 1GBits{0B77) eIt} erel
2 5/8 Frame Sizeol theh CRC Codeoivt. ulebAl erels
Check®l7] Mol fscod?t frusizecodE 5 Frame Size
7hoAss]ejer gk 2wl sl Frame Size9rsel Buffer
Yooebwbalal Fileil -yl 91X Bufferel ®13ebc}, 2
23t Frame Aaloh whgl Frror CheckE FHEE 4al
b AC-3% CRC Cade?) 27091 Ao Feojafjol go}
Frame2) =2 16hits cre2is 3/8 Frameol vH&d Error
CodeoiCh. Frame Sizeiz 1 ¥ Frameol X vt 23
gicp. Ehbe] File whollAlys 04 % Frame SizeS 7h
b5 Al Frame% €3 syneword Check®) crcl,crc2
TestgF =3 b},

Unpack BSI{Bit Stream Information)

BSI72] 7 AC-39] Header 3o 54 7193 F2g 5
o] ale] AC-3 Test Stream?] BSI: tv}aat z2of,

bsid = 01000
bsmod = 000
acmod = 111
cmixiev = 00
surmixlev = 00
Ifeon = I
dialnorm = 11111
coapre = |
conpr = COOOO00D
langcode = 1
langcod = Q0001001
audprodic = 1
mixlevel = 11001
roomtyp = 10

copyrighth = 1
orighs = 1
timecodle = 0
timecoeZe = Q
addbsic = 0

2 3. BSI Stream Extract

- 1216 -



AC-3 Decoding Algorithin Software T® o] #4 o F

acmod®} !feon? Audico Block®) Channel® W8 72438

odgoltl AC-3 Channel & -0 % AH} g2 4 gloy
Yoolerid N1 Thamel™ wbs 2o gcl, Ollflacmod‘lll

£0 Neideme b 579 Chiaone LD R .CUSL SRS Al siv)
vxoslEs LERE), Hfeors 14 Yoofer Chame l‘)i] ek Ay
ol g s bk weks] o] Streamdt 5.1 Channel &
ARk g8 vhebdic)

Side Information

Strategies,  Bit
Parameters,  Dither Coupling
Parameters. Rematrixing Flags, Dynamic Range Words,
Block Switch Flagsizol 91th . o] Informationiz& ]
Hoko} StreamE 1’-E] Exponent . Mantissa. Coupling
Coordinatesr & ek Side Informations™

14

Side  Information® iz Exponent

Wioeation Flags.

Audio

Blockeltt gke]l 2418y 21 o) Awdio Blockell A
shal gb & vha] Apg-gkoh e ddio Block0el Ali
WAR g 2H2ke] Information™ s+ Block,

M2l ghel
Channel . Band 30 Sub-Band o ol §+
U, Taformat ionfi o1 A 2] Parameterol
2oin Aol gk Franetkic shubel
Wief Aiuk friacl,

Information®]
elalA T4

Audhio Block

Exponent Decode

5 4 713
Ag-a) L Do
M5 & a7l &t

AC-32] Exponent Strategveli= DI3. D25, D
o] sholch . Dl 123E Exponent #
2787 &2l Exponent 'yl #-E§o)
o] Exponent?t Azl Zi)st A3 Streamol A3z
Fxponent H4:9 Differential Value® Group Codestsl
o] Streamol]l Packing®Th Fxponent @1 Rangeis 0 - 21
olu] 2b Channel®] #1 W5 Exponent™t Absolute

Value

ol vpu| A= T oA el ulgh Differential Value
ol
diff exp |mapped value( Ni }

+2 4

+1 3

4] 2

-1 1

-2 Y

Encade Exponent
Coded 7 bit Goupped Value
gexp = (25x M1)+(ox M2)+M3

Decode Exponent

M1 = truncate(gexp/25)

M2 = truncatef (gexp%23)/5)
M3 = truncate{gexp®23)35
dexp = Mi - 2

expinl = expln-11 + dexpln]

Bit Allocation

Vilocation Parameter 2 Stream
Tab Exponent i Mantissaol eyl Bio =

= Zielul. Bit Mllocation Al4RTEE L
s Aepgict

Bit Atincotion® Bit
IR
PoAlARE
A

1) Initialization
Full Bandwidth Chamet, Coupling Channel, LFE
Channelol th gk Range 714 3 H& o},

2) Exponent Mapping into PSD
Exponent & 13 Bit Log Power Speciral
wglghop

3) P'sSD Integration
2 Channel & 307012) Bands %-3bahat
a1 MantissaZB-TE Hd k)

4) Compute Excitation Funclion
Intvgralul IS0} b])tt[rlill]““ 1 &l 4
Model & #18ski= Zeolch,

5) Compuic Masking Curve
Exciting Function2 4 ¥ Masking holse
Threshold Curved: ZAstobcl o olgbe] 52
G- e BitE whdalke) @it

6) Apply Delta Bit Allocation
Masking Curvest Level & Sel v W@,

7) Compute Bit Allocation
k7ol Mantissa®l 4 Bit BAP(Bit  Allocation
Pointer)i: shdgl). BAPY] Rangelz 0-150]c).

Density s

2+ Bandel ol

Uasking Curve

Level

ES

Dequantize Mantissas

Mantissa2] BAP 0~5 #7}3]&= Symmetric Quantization

gh 6-15%F Asvmmetric Quantiz:llionp-_' LS
28fal 1,2,4 Bic?d @9l Mantissays RS kol
Group Codex Packinggo] lomi vhavt 2o] Group
2 #Asllel vl zielat maniissa_codess sjuE}-

Tabled #3sto] Zbzbe] Mantissa®

{lahelof g},

Dccoder Equal jons

bap = 1:

mant issa_codelal = truncate {groupl / 9}

mant 1ssa_code[b) = truncate ({groupl & 9) / 3 )
mantissa_codelc] = (groupl % §) % 3

bap = 2!

mant issa_codelal = truncate {group? / 25)

mant 1ssa_code[bl = truncate {(group? % 23) / 3}
mantissa_code{c] = (group2 % 25) % 5

bap = 4
mantissa_codelal = truncate (groupd / 11)
mantissa_code[b] = groupd % 11

- 1217 -



0B EE ABBIISE KEIELE R AR

WX E E 2B F 2 98/U

clé. o

BAPell i€ Quantizer Level,
Type, 22 ¥ d BiohE vhebdc

Quantization

Maatissa oits
bap quantizer |quantization (qmztab[bap])
levelis type {group bits/
num in group)
0 0 none 0
1 3 symmetric 1.67 (5/3)
2 5 symmetric 2.33 (7/3)
3 7 symmetri¢ 3
P 11 symmetric 3.5 (7/2)
5 15 symmetric 4
}__6 3z asymmelric | 5
7 T 64 asymmateic |> ]
8 128 asymmelric 7
9 256 asymmetric 8
10 812 _| asymmetric 9
1 1024 Lasymmelr\c 10
i2 2048 asymmetric kR
13 4096 asymmetric 12
14 16,384 asymmetr Ei 14
15 65.536 _L asymmetric 15
De~Coupling
Coupling Channel®: &2l Channelivof o 3h 5ot 4
¥ Datad sl Chunnel® (1 "-""3’1 &3 e}
Coupling Channel®l Data 453 4Bilel  cpleoexp.
cplecomantst 2 Bit?l mstrepleo, 1vlil Exponentt
Mantissaid ot Eth e Coupling Channel<: W 7))
ol Bundiz FAF=H &tel Band el A3 D—l #
Coordinated® 7Fcl
Coupling Channeld Original Chammeli B-g18t7] 213

A3z 7F2Re] Channelol @@ Coupling Coordinate 3 2%
o] &5} o Original Channel % {150t Coupling
Coordinate? Exponent®h l\Ianusu‘.‘u o~ Packing

5 o] ‘2151.[.',:& vlew re 1A e

vk

S84 Coordinate®

it eptecoexpfchlfbnadf -15){
temp/ chif band] cplcnnmntl chifbandl/16;

Isef
) Sfemp[ch][ band] - {cpicomantfchlfband+16)/32;
cplcof chi{ band [=temp{ chi{ band > >

(eplcoexpl chli band
3mstcpleol chl);

cplco®t
Jl]_ }L

H DJ%-

Ve oo

Originat  Channel€l  Mantissasr
Stream 2.7 %8 75¢ cplmant
o Hel o)

chmant - cplmant * cplco * 8

Inverse Transform

25 Chunnel?l Mantissa$t Exponent7d #3159 DCT
Confficientd 59138171 #1804 Mantissa®  Fxponent
Vatae W Right Shifcghoh )

2-20% Cocfficients Block Switchel 2laf ™ blksw=0
gl AR S12-Sample IMDCT Transform$ 58881 7
vy, blksw=1 %1 W$3iz 356-Sample  IMDCT

Translorm-% =8 &k gl IMDCTE F#sta 3
2V Channel=ll Wb 16Bit PCM Data?t A5 3o
o dlael webd4r Muli-Channel ¥ Downmix #7H4 &
Tl 4 Stereott MoneZ Channel 3 #4934+ ik

4. HE R g% HY

AC 3 Test 7S Intel MMX200 CPULE 4 2hat pColl
4 Borland C++31  Compileris A& 89t Input
Stream< Frame Size 1782 Bvte, «8kllz  Sampling

Rawe?l 51 Chanmel AC-3 Stream & A8 o

ksl B Framee] FFAR @i Datals Al7k4e R

Ams 4gl Daelth Decoding Algorithmss Test$F
A0 % Trames Decoding -6 2o 27ke 3‘)mq
R R } & Ao AC- Play &h3-dli
A7k 93 Progrm®  #4sb Rasid AC-3

Devedert: 38zl 21014 Mantissa Ungroupping ¥}
Bit Allocation s ol#hdiimwl ohh ofvife] wgkup 2
vk AC-3 Decoding Algorithm-3 Software®@ L& 8o

29 Software AC-3 Playver?] 7t #Al Software
I}\’l) Plaverd st 4 gl 71¥by vpddaint o
bebzb AC-3 Encoder® lﬁi“}o @4 Software DVD

4 it

(e}
ooHe

cah MEBUE e sldE 4 g
3 !Hrlt}.

HIEH

(17 ATSC Digital Audio Compressien(AC-3) Srandard
(A/52). Dee 1995

[2] Ken C.
Grow Hill,

Pohlmann, Principle of Digital Audio, Mc
Third Edition

[3] KR Rao and ].J] Hwang, Techniques & Standards
for Image-Vides & Audio Coding, Prentice Hall
Second Edition

[4] N. S Javant and P. Noll, "Digital Coding of
Wavelorm I’rinciple and Application to Speech
and Video, “ Prentice Hall, 1984

- 1218 -



