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Description , Dynamic Range Control, Downmix &2
Samsung®] CalmRISC16 + MAC24 core & A3}

1. A&

F fgol4 HD DVB-T9] ZF37F Me¥ WA bandwidthE &
o]7] 18l 4l 2r]e :E 9l HE-AACS DolbyDigitalPlusE .t
Q EFOE AN HSITE o714 AEdhE HE-AACE Leveld
o aiF3e). Leveld= W40 2 Multichannel®] 2.t19.8 A d}a
At 48Khz 9] Sample RateE A )sfoF dich

71E9] 2H g vt ARSsE el HE-AAC tl3H+ SBR(Spectral
Band Replication) S AMHE-8te] 153} 495 Fds}r| ol At
Zo] a3 =u}. o] HE-AACZ} Multichannel & A8l 9=
HEEA] AAE Foll g HA st Z4jo] WAl Jast Er

B =Fo A= Multi Channel HE-AAC (ISO/IEC 14496-3) ¥+
Embedded DSP $HdollA 24 3lsl7] $13k AA| W AAjskaL ol &
7o 2 714 eito] w2 SBR(Spectral Band Replication)ol] ¢34k
£ FolE AEE S A8 5 oAEY HH3E Fato] AL
52t 7Hs 3 Multi Channel HE-AAC CODECE @ 3ht}. Target
DSP Platform< Samsung®] CalmRISC16 + MAC24 core & Single
MACS 7HAaL Sl 24bit DSPelth. HE-AAC #8F ohvet HD
DVB-TE 93l Audio Description,, Downmix, Audio Transcoding,
LATM 5§ &7 7i¥ste] DVB-T QU] Al2~8ls ghulatA ¢
sl
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2. DVB-T &Y 2 A|2H

7}. DownMix

Downmixing #4742 HEJAY Q0] Q5 Stereo E3 0.2 W3lsh= 3}
AOltEMPEG4 AACE 9l 9 DVB-TIAE=
Downmixing 4] AHgsta ok okt 94 3 Bit Stream?)
Syntax ARE 7A 1 shube] Aol Mele] Az Hrh
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A FEste] AA A7)l Aol Theetes dklth. DSPe

MPEG Style Downmix

MPEGS] %42 5314 o]49] QT]Q Ao disiAnt Sa6EE A
A ek WE9 47 5Adel dldste 32 4] ofd e
A AN E AFEEE oF Frt ofge} 2 218 o]83lY A7
=4 HE-AAC PCE(Program Config Element)oll A &% A1
& ARgstof gth

DVB Style Downmix

DVBel A= "E 2 Downmixing W& Aolata 9t} o714 A<
3kl 9= Downmixing & AHE MPEGA Al2=glo] s ofo} g
t}, Adsls W4 oZE DSE(data stream element)E ARESHCH
DSE(data stream element) 258 92 Downmixing AE+=
PCE(Program Config Element)ol 4] @& A u o= tha A Fx)4o
2 Mixing Levels Center$} Surround2 ##]ste] A glrk
On/OffZ 2&5+= Flags} Level S 485+ Index 7hS A3 2
t}. Index: Mix_Level S dBE Z@3Ih

Y. Audio Description

S Eao A R AvS bl UAEte] AdsAw f5
DVB-Tol A= Al7]0lA] 2l & 2
A7) 9] Aol wolok dhr) Wl r] e} MHE O T o (RAM)S
Aol tadsjopdtt). & 74 tymdo] s A FAld 2t
o] 23l o] 4|2 grEofoldith dde A S| nF
A7)el A 7] wiel e $A1719) e 878 " of
A ATdAE wel 9r]eE DSPE AMgEln AHoreE
HOST CPUE AH&-3te] F@stSitt W AlA AldlE HOST CPU9
A& wol o7t Sl
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t}. DTS Transcoding

AEukAL TVl E TAY 9r]e 28 o7 SPDIF % 295 7}
i 9lth. DVB-TolA 2t ¢ #9S HE-AACE A48
o]-&3td HE-AACE ZEstu|ate tii-ie] AV ZAH A A
A 7] Wzl ofnt glofjzitk o] EAE A48k Coding
Technology At} DTSAF 3522 HE-AACE DTS £Hez ¥
e 715 S 483k DTS Transcoders 70#3ksith

A Az YN = 2 AR 2t A5 7HA7] YEiAE A
o] A717F AAok 3= wAZF k. FH el Dolby A} Conding
TechnologyA+2 ¢14=8e. 24 DTSE = DolbyDigital 2 W& &2
dadste AR EEa ok £ AFdAE DTSAE ofd
DD(Dolby Digital) & AH-sF13 DSP9| 4d50] F-Z3e] Host CPU
g AT

2}. LATM/LOAS

MPEG4 Audio(ISO/IEC 14496-3)°ll 4= MPEG4 System (ISO/IEC
14496-1)7 HE2 Audio Transport Systems 7FAI gt} o]
Systeme  thddt  erles  ALEry] Sd&] mekEdn
LATM(Low-overhead MPEG-4 Audio Transport Multiplex) ¥}
LOAS(Low Overhead Audio Stream)® T4 %t}.

DVB-T W& Alzelo) X AMdd MPEG2 Al2=8lS 7]2 03 ALS
a2 QL o} 7)o U2 o2 MPEG4S AM&sta 9t} 2 MPEG 2
PES9| Payload ¥#& %381 LATM/LOAS o2 Ho glo]
A Syntax® £A8ta ES ARE FEdE AAS AXA @k
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7t AZE Y Z23dF

A3 g 7Adstr] Aol A 2] HE-AACY 4ags &5 F
7 B QA 7 BES ZopdSltk PC $7<lA Microsoft9]
Visual Studio 605 AH&-3te] 2429 daelS s AR E
T3tk

A& 0] Axto] o3P Synthesis Filter Bank?} 29| 24.6% 2 A&
L o] 2 ¥k 9= SBR Decoders 68.3%2 AH&-3hal itk

SBR Decoders A glotA \W HA 9 A5 /W anrt 7 A

3. HH3

HA3) A9l duglFY HAge FAYoR 3y = o AEg
HASE A Hr) YagF HAshe AZEY ] FAE Bl &
& 2y JHE o] &3t dugE HF3 g HE E5S
SugFHs Hgste AGFE Fole Aot ANEY HA g
DSP9] B#oE 7P Z&H o7 AMgste] st 76 Fashs
Aotk

Modules Multiplications Additions
Analysis
i 65536 64512
FilterBank
Synthesis
i 262144 258048
FilterBank
Total 327680 322560
3 1 Required Operation before Optimization
7}. Filter Bank ¢28& A3}
Synthesis Filter Bank= DCT ¢14te] ofyx|qt o|Ae] HeE
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DCT-II Forme| HE5 441& W38l o] 2S Split Radix DCT ¥
Aog TG 3 7]E waRY A A FE 7R A "k

M

Step 1:
Synthesis Filter Bank®] €ag]5S (HFshA 2dsHH ofeflo} 2t
Output[n]=
k=63
N z(k)cos (m(k+0.5)(2n—64)/128) 1)
k=0

Where n varies from 0 to 127
19 FA2( 2n-64 )oll A 25 A|AshH
Output[n]=

k=63

3 x(k)cos (w(k+0.5)(n—32)/64) @)
k=0

Where n varies from 0 to 127
(2)¢] 212 DCT form¥h= 7 7HA] SHel|A thach
Qg2 n o] ¥47F 0FE 647} Elofof sAIRF 0FH 127°] #9=
21 Cos ol (n-32)9) delay7} A3}

Step 2:
A9 44 (2)olA noll (64n)S Y,
Output[64—n]=

k=63

3 x(k)cos (m(k+0.5)(—n+32)/64) 3)
k=0

Cos®l A< o83k

Output[64—n]=
k§3x(k)cos(7r(k+0.5)(n—32)/64) (4)
k=0

Z (D 2= 2A Aok webA

Output[n]= Output[64—n] for0 < n < 64

o]9} Zo] 1287119 ME F 64712790 Q3= Ae A4S 64719 4
e} 27] wiiEe] oAl ik & davt gith

Step 3:

cosol delayZ #@8t7] Y38l index 323 63744 & st 42213} 64
HH B7HA Ailksle A (n-32)& mo.E | $kshd ofef e} 2k
Output[m+32]=

k=63

Z x(k)cos(m(k+0.5)(m)/64) 5)

Where m varies from 0 to 31
Output[m+32]=
k=63

N z(k)cos (m(k+0.5)(m)/64) ®)
K=0

Where m varies from 32 to 63
G 6)9 A9 WHstE me noE T EYsy,
Output[n+ 32]=

k=63

3z (k)cos (m(k+0.5)(n)/64) )

k=0
Where n varies from 0 to 63
(1] 4412 64 point DCT 119 J4-& 7171t} o] 7]¢l Split Radix
A2 FE o] &5t AME s HW e
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Modules Multiplications | Additions
Analysis
) 2304 5440
FilterBank
Synthesis
) 14336 23616
FilterBank
Total 16640 29056
3 2 Required Operation after Optimization
4. 597}
B m=rd A Al AR ZEete] 45E Ut Aso®E g
5 HAstol| gk Frte}t A A2 tFn 9 AvEd} vashs

[Rule S

4 QVe shal mpAH o g do|kr) & Streams ©]&dto] &
MCPS(Million Cycle Per Second)E 3713t}

7k dueF #4337t
Filter bank®] 914+ 28 Zo]7] 9|3 2:4& A¥sle DCTZ Ealsh
i o7& Split Radix DCTE of&3dke] &@skltt. Visual Studio
6.091 A Floating Point CodeE o] &3}0] 223l 439 Wzls =4
319t} Test Vector,“TC022.mpd” ol 4] A T =Y AJ7ko] 529% 744

He 8348 189

File name TC022.mp4

Total decoding time (ms) | 56709.887

SBR Decoder 50202.437
Synthesis FB. 34996.583
Analysis FB. T775.04
Envelop Calc. 6336.602
HFE generation 781.239

3 3 decoding time before optimization

File name TC022.mp4
Total decoding time (ms) | 27167.761 (-52%)
SBR Decoder 21463.943
Synthesis FB. 11193514
Analysis FB. 3748177
Envelop Calc. 5494.406
HF generation 723.368

3 4 decoding time after optimization
U &3 97t
=4 ¥7He 24Bit Fixed Point C code ZHellA F=8)=] oo} i},
PSNRE| #h& o]&sle A2 = fb] oj= AL dAg=rtE
ket Aok PSNRO] =47} s vowd FaEAe] BAl7} gl
A0 R Bstil Codes T 4743k PSNRE #ol& #H4& 3
it

MAX? MAX
PSNR = 10-logy, (WE’) = 20-logyo (Te,;)

o37]14 MAXiE 24bit Data® X8+ 71 & $5 9] dith MSE
= o] Sample?] #}o]E Mean Square Error2 Z &3 grolth
PSNR2 AA|H Q] F0]& Hi= Ro|a 7 22 WAsl= Errore
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HEo] ¢F & 7hs/do] =t ol ofE v A& Holf Ao]gh(Max
Difference) = A 537 84% AM-SHA Hrh

£ =AM IS0 AAC Conformance Test 392 NeroAl]
HE-AAC Encoder< AHg-3te] ¥HE 22 ¢] Multichannel HE-AAC
19& AR} o] BE Test VectorS Tl dsh=d] 471 glojok
gtk Test Vectord] 7F @7] witol 2-&3ke %7k wiel 2as)
ok PSNR= 73k Tools 7831 o] & 23 HE Aol & A3t
Batch Test7} 758t e & B34S T334t EE Vectordl i3l 2
s vz &9 5td3t HA3E Decoder®] £ 39
PSNRS 743191

-ISO conformance streams

-Encoded Streams by Nero Tools
122.37 dB

Test Vector

Average PSNR

3 5 .Average PSNR

. MCPS %7} .
MCPS®] #7k= 13 ojflEe] s= & WAl Qasjojo} g

frlfs ) COdeQ] /H‘:.g _L]Xb:}o]—ﬂ ﬁoﬁ 7L7I—J] ol-_]—_yg], MCPSE
# @8lt) of7]A wal= MCPSE Cache Hit Ratio Y Bus Latency
& QAEL e & MCPSolth. HE-AAC/ +d% &
Simulatorg  ©]-&3te] FAe] Jhwsith AMSE Simulators
CalmShinel6 Verl.62& AHE-3t%13 Worst Stream©.2 AH8-H 344
2 1S09 “al_shr_cm 48 5.1.mp4” o]t}

o] 247+ Frames Peak® #91¥ MCPSE ofgie} #t}.
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