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( Jeongook Song, Joonil Lee, and Hong—Goo Kang )
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=3 &A/et]e ¥33}7] (Unified Speech and Audio Coding, USAC)= 2011)d MPEGOIA FDIS (Final Draft
International btdﬂddrd)? SeAEe Hi e Y SA/eTe FEsr)oltt. HEH R MPEGIAAE H33l] 7laew
FEgEteR 9Fy 7)Eol tie mFo] Hx] g W ol dAZ F/EE A=Y (Reference Model, RM)2] %ol %=
718 ofolt]olvkg XFFsla gl7] wiitel ol& AMEE e A% Z1°P7P o] AzZbeith e dsbe wlg Azsio ol
TAE HAse] 98 LE A& Ve R A e ZRZAE JAME A= USACe A-8H A 3y 7«9 A%
< FHus & ¢ = YHE Addstn Q) B =RelAe %'@. iic’ﬂ w7 ZYrt AgHo R FAHA e 2 &
F71¢ A 360 2dg VMo R sk Fig K353} 7|, 183 Ho] 9ES- ]T Y F8 3y 7|sEd dste] &
7hgk}, ®E3F FDISE 913t verification test 422} Common Encoder«] s H71E tlEeld.

P

Abstract

Unified Speech and Audio Coding (USAC) is the speech/audio codec with the best quality, approved on Final Draft
International Standard (FDIS) at MPEG meeting in 2011. Since MPEG conventionally standardizes only the decoder, it is
not easy to study on the encoder technologies. Furthermore, Reference Model(RM) shows extremely poor performance. To
solve these problems, the open source project(JAME) proposes the methods to make the improved performance of main
encoder technologies in USAC. Especially, this paper introduces the encoder modules: the signal classifier for selective
operation between two coders, the psychoacoustic model in frequency domain, and window transition technology. Finally,
the results of verification test for FDIS and the performance of Common Encoder are appended.

Keywords : Unified Speech and Audio Coding(USAC), USAC Common Encoder (JAME)
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Table 1. Lengths of tonal parameter and spectral filt.
Bit-rate N N, Ny N,
12kbps 17.06s 1.706s 13.648s 3412s
16kbps 12.8s 1.28s 10.24s 2.56s
24Kkbps 8533 0.853s 6.824s 1.706s
48Kkbps 4.268 0.426s 3.408s 0.853s
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End
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Fig. 3. |Initial mode decision in signal classifier.
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5. Adjusting the masking threshold.
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Fig. 10. CAAC process.

(94)

2-tuples@&t <! )
st &1 #E ekt A2

2-tuples$} A ZHJNA A4S 2-tuples

) g ol
o 77te] 49l 4MES £Fse] ZER AYAT B
Eoh meR Qdusd dgse g @A 2HEY
el Aok BEaslel A%el ek 43 ovle
Azel QoA JRFH AMEe] AuE olgah 2
& FHEE woltvl golA v EHoluh

IV. USACS| QI3 ds

1. USAC Verification Test

A s 74 FDIS 5918 $13F USACS] RQE°) gk
Verification test’} 4%ith, MUSHRA

Stimulus Hidden Reference and Anchor) HZAZE

(MUltiple

E

[15] =
=

ol &% oA 54 Hrhe= 157 7)o Foste 9
3t R A BlES(Test 1 : 8, 12, 16, 24kbps), 2~
g9 A HEL&(Test 2 : 16, 20, 24kbps),
3 HJEL(Test 3 : 32, 48, 64, 96kbps)Z Lol A
A8 43 A7lM F 24702 ofolelo] AREH AT,
a9 112 Test 12301 Wigk Zzpolw, VC(virtual
codec)x= USAC Z=37F A1ZE A oHE 7|2 9 - A}

3ro] A5S JeERfE o)tk USACY)

2HH L

%€ HE-AAC

v2¢F AMR-WB+, 181 VCEY £& 3245 HoF1

[e)]
PR
Test 1
1
Excallant
0| '_.-,E
Gond [ or":f"
F: '(’;'
iy
40 ’ 2
Paor
20
Bad
a8 12 18 24 18 2 24 32 48 64 i)
bitrate [kbps]
—&— usAaC Vi —&— HE-AAL AMR
1%l 11, USAC verification test Z =}
Fig. 11. USAC verification test results.

2. Common Encoder, JAMEZS

USACel= &dA A 714
Verification testol]l AF&% oL}

°of 45
ol= 7}

FNE A



20134

18 dx5sts] ==X X 50 @ M 12

95

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 1, January 2013

Speech husic Mixed All

10

Excellant
aof----

Good
&0
Fair
400w
Poor

pJs

Bad

I 1 1.1 L
1216 24 1216 24

1216 24 1216 24
hitrate [kops] mono
a3 12, JAMES| Msd™ot Zof
Fig. 12. MUSHRA results in RM, JAME, and RQE.
oF F/lE wdol vk s dsirt A7 RM, 1L
RME 7|Rtes As Ads g A USAC

Common Encoder¢! JAME®]t}. = 2010 4€ 92W
| MPEG3] 2|9l A open encoder paradigm®. = A] &gk
JAME project™= LGZ#teF ETRIZF g & ske] <A oo
A Z13 Foltt

a¥ 12+ 20124 7€ 10194 MPEGE| oA B
€ 12, 16, 24kbpsol ] 5387t A3k=4 Common
Encoder?] 4J%s°] RMHUF Ex wojd ol et
RQE®} fAkst AsS vehle 218 ¢
12kbpsel A Common Encoder®} RQE=
Az XSS yehlH, 163 24kbpselA  Common
Encoder”} oF 74 7t 98 A& Zeth

Common Encoder™= %3] As7/MAS sk glom,
71¥ SBROIA enhanced SBRZ9] #7337} ~H gL
Boll gk o] 7Pt A ow XsE Aol

HH
Ru

JAE7F =T
Verification testo] A48 RQE=
Hie] 5 7H Qlah
Aoll= ol %ol 3GPPe] EAACS JAME
projectol] A &) F<l oy A3Y 7|=ES HEoRE
AFZEF7], Y & Zdo] 7dk Fuk H353)
7%, A= o] Vs, agal FEL F-33 7]

tjete] AH R gt =3 A RQEY verification test

L

i

(95)

A3tst JAME®] A5 ®7Fe Fdto] AHAd 54/
@)

g e FAY 5 Ak

I

ot

rak

=
A=

[1] ISO/IEC SC29 WGI1 N12231, “ISO/IEC 23003-3/
FDIS, Unified Speech and Audio Coding®, 97"
MPEG Meeting, July, 2011.
ISO/IEC SC29 WGI11 N9519, “Call for Proposals
on Unified Speech and Audio Coding”, 82nd
MPEG Meeting, October, 2007.
J. M"akinen, B. Bessette, S. Bruhn, P. Ojala, R.
Salami, and A. Taleb, “AMR-WB+: a new audio
coding standard for 3RD generation mobile audio
services,” in Proceedings of the IEEE
International Conference on Acoustics, Speech,
and Signal Processing (ICASSP '05), vol. 2, pp.
111109 - 1112, March 2005.
K. Brandenburg and M. Bosi, “Overview of
MPEG audio: current and future standards for
low-bit-rate audio coding,” Journal of the Audio
Engineering Society, vol. 45, no. 1-2, pp.4 - 21,
1997.
M. Wolters et al, “A closer look into MPEG-4
High Efficiency AAC,” 115th AES Convention,
New York, USA, October 2003
M. Neuendorf, et al., “A novel scheme for low
bitrate unified speech and audio coding —MPEG
RMO,” in Proceedings of the 126th AES
Convention, Munich, Germany, May 2009.
ISO/IEC SC29  WGI1 N12232, “USAC
Verification Test Report®, 97" MPEG Meeting,
July, 2011.
ISO/IEC SC29 WGI1 MI17571, “Yonsei-LG
Contribution to USAC Reference Software”, 92™
MPEG Meeting, Dresden, Germany, April 2010
ISO/IEC SC29 WGI1 M23882, “Report on the
intermediate  verification tests for USAC
Common Encoder”, 9" MPEG Meeting, Sanhose,
USA, Feb. 2012.
[10] Guillaume Fuchs, et al, “Mdct-based coder for
highly adaptive speech and audio coding”, 17th

[2]

European Signal Processing Conference
(EUSIPCO 2009), Glasgow, Scotland, August,
2000.

[11] ISO/IEC SC29 WGI1 MI17020, “Proposal for
unification of USAC windowing and frame
transitions”, 90" MPEG Meeting, Xian, China,
Oct. 2009.



96 MPEG & 24/202 ZHs st 2

[12] ISO/IEC SC29 WGI1 MI18470, “A new signal
classifier for USAC reference encoder”, 94"
MPEG Meeting, Guangzhou, China, Oct. 2010.

[13]1 ISO/IEC 11172-3:1993, Information technology -
Coding of moving pictures and associated audio
for digital storage media at up to about 15
Mbit/s, Part 3: Audio.

[14] 3GPP, “General audio codec audio processing
functions; Enhanced aacPlus general audio codec;
Encoder specification; Advanced Audio Coding
(AAC) part”, 2004, 3GPP TS 26.403.

[15] RECOMMENDATION ITU-R BS.1534-1,
“Method for the subjective assessment of
intermediate quality level of coding systems,”
2001 - 2003.

[16] ISO/IEC SC29 WGI1 N12027, “Workplan for
Verification Testing of USAC”, 9%th MPEG
Meeting, Geneva, Switzerland, March, 2011.

S d (A3 Y)-w A A=

20043 AA st 7] =p
e Al E4.

2008 AA e A7)}
o AAL 4.

2008 ~ & A A A7)
AApF stz wkAL 274,

gAY AlsAg, A e A

orle NEA >

of = YA

1998 AAM| gt H A}k AL F¢4
20008 AAM el AApEet AxE E4
2000 ~& A LGAA CTO H& A&

<F @A EoF 1 CPU, DSP, audio A& &>

(96)

o
0
Ho
i)

XA A7

2(439)
SRR
shA) 29,

A AA o

M} &4

A AA ek

sk} £41.
] ;(].51 z‘fl—JJr
A A,

rzi
2
ol
%
i)

2
>
o
A%
i)

718kt

74 ﬂiﬂ%




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


