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ABSTRACT

The primary goal of the MPEG-H 3D Audio standard is to provide immersive audio environments for
high-resolution broadcasting services such as UHDTV. This standard incorporates a wide range of technologies
such as encoding/decoding technology for multi-channel/object/scene-based signal, rendering technology for
providing 3D audio in various playback environments, and post-processing technology. The reference software
decoder of this standard is a structure combining several modules and can operate in various modes. Each
module is composed of independent executable files and executed sequentially, real time decoding is impossible.
In this paper, we make DLL library of the core decoder, format converter, object renderer, and binaural renderer
of the standard and integrate them to enable frame-based decoding. In addition, by measuring the computation
complexity of each mode of the MPEG-H 3D-Audio decoder, this paper also provides a reference for selecting

the appropriate decoding mode for various hardware platforms. As a result of the computational complexity

¥ B Qe ulealzyslro] Ao s AREA|EATAE ] 2US vlo} $3% 917HNo0.B0101-16-0295, % 7FA Fel= 2|4
UHD A7R45/elA @AMy Al 7] ghanl 714 A alulek

¢ First Author : School of Electrical and Electronic Engineering, Yonsei University, orexis@dsp.yonsei.ac.kr, 83]<]

Corresponding Author : Department of Electronic and Communication Engineering, Kwandong University, hysoo@cku.ac.kr, 3]<1

Computer and Telecommunications Engineering Division, Yonsei University, young0O@yonsei.ac.kr, £A13]%1

Audio & Acoustics Research Section, Broadcasting-Media Research Laboratory, ETRI, draball@etri.re.kr, 3]

=l E L KICS2016-07-166, Received July 25, 2016; Revised December 12, 2016; Accepted December 28, 2016

pu

*%

432

www.dbpia.co.kr



=% /MPEG-H 3D $U]e %F H353ly] 12 9 dilet

21
S|

s

measurement, the low complexity profiles included in Korean broadcasting standard has a computation complexity

of 2.8 times to 12.4 times that of the QMF synthesis operation in case of rendering as a channel signals, and it

has a computation complexity of 4.1 times to 15.3 times of the QMF synthesis operation in case of rendering as

a binaural signals.

I.M E

EEske] 542 sk dakalsel t-gshs AR
& AFI] AAgelch Bz AR Eolv|
Qo] @A 71 dAt= SHol4] FullHDE ol
4] 4k, 8k UHD (Ultra high definition)”} AF&-%|32
oler, A3 Sl % 2DellA 3D, thAA A
o2 ubdsla glth. UHDTVE] 7% dubeel &
73ellA Alekzte] 100%el] @3, olzigt asiitE <
Aol 21313} 3D 2] =2 2 A ] A
Aok A&s] k= 321 SIS Aok jirk

MPEG-H 3DA<+= 1.2Mbps~256kbps<] H] E-§-oil4]
22244 Alse] 782l 3535} 2 QS SRR
20134 1Y CfP (Call for Proposal)7]- Elayaaiee )=y
20134 5% Ady} AAAE, HOA (High Order
Ambisonics) F#-oF] H-33} 2 A 7]<%o] Aek=E%)
t}. 20131d 79 #F 29 O(Reference Model 0)°]
AR sden %53} 45 F3te] 20144 79 DIS
(Draft International Standard)”} <¢l=|¢ith 20164
79 13Y ZF AZE o] (Reference software) H%
70] vlZ= gt} 48kbps ~128kbps] HS- H]Ego]
A ohd 22 2155 Au|xslr] $18F MPEG-H
3DA Phase 2+ 20161 104 AMD (Amendment) =+
g HFIL Qlrk

MPEG-H 3DA 7|&-2 o 3714]9] 3] zus
21948} =2 /0 A& 3] SAAHSNE A
I3 $13te] szo] Alde] EFE uA oA s
5 Agdgkl AA 7\E 2x] e 413 (Object-based
Audio) 5 3l AHAFEe] Sx]e S Al
243 5 9l 7165 AlEdith HOA 7]iF 2xr] &
= B8l A s 2]l AeE AHFE $ =S

o,

USAC 3D #ZH-2 MPEG-H 3DA2] Fo] Zudlo
2 %Al 7]%4] USAC (Unified Speech and Audio
Coding™)el] Thald 4l5e} AA 415, HOA 4159
FEAQl w3t U Eo3tE 18l QCE (Quad
Channel Element), IGF (Intelligent Gap Filling),
MCT (Discrete Multi-Channel coding Tool), Hybrid

(

o

residual MPS (MPEG Surround) & 5] 37}tk
USAC 3D Zdl2 2223d Al5E 512kbpsS] HIE
= dris) & 7J$- MUSHRA (MUl Stimulus test
with Hidden Reference and Anchor™) E]2=Edi4]
“Excellent” 42 wigirils

AubA el 7P ellx = v 2977} A2 ALg-H
2] ekom, Ao fA|¢l| ~IAE wiA5l] Y= A
$7F Wk =3k waked vinjo] 2 Akg-o] iR ulo]
#(Binaural) A2 el xe] Zel= 4n)7} F43]
+°lvh2 9lck MPEG-H 3DA 7]&-2 ZEl= A2k}
7} ©|=3F 3D Qx| 8E AMERlollA EFH R AT
3171 $lsto] vlokgl whde] AfAYFHA o gt At
FH(Flexible) A F/chEaz 7168 el

¥7 WH3k7|(Format converter)™ 18 Ad A&
oF Akl 237 ololzo] AA|FA] drizhe
a3 gl 3z18] ex] o A|Fsh| $l8le] % vk
Y 7158 AFgtl ol vk F oA Wb
7Fsdh 242 A3tE ol e 23R AA
#lt]2](Object renderer)= T AA A5 A Al
3% )y dhe Qlxle|t). te] ~3]7] e o]
= e AT oA FAe S 32 Tl
Z2]A7]= 3D VBAP! (Vector Base Amplitude
Panning) 7|&S AH83itl vlo]® lv]z]e ofo]
v} 27 2=} (Binaural Room Impulse Reponse)< A}
S3lo] A ASE ool Alew Wtels dzxlow
oo F/F =ES AMSBte] 3] o] eE AlFE
= 7lEolt

MPEG-H 3DA B33}7] 33 AXEols o]
235317]9} HOA 233}7], SAOC™® (Spatial Audio
Object Coding) E-%3}7|, Z+& dlvie] #xl ohz}
MPEG-D ¥ DRC" (Dynamic Range Control), 2]
vE](Limiter) 52| FA2]7|¢} A17F & F9}4 od
W] 5 g mESe] AgEe vk dA Hx
ZrxEdels BEZF] §Y 2 Fd er]e ¥ v
etdlole] Fhol S AMgS, 7 mEe] wAbd o 2t
s3] AATE A7t Brbsdtcl & #Ee] 284
< Fol7] flste] 24 mEd elolud} slar o] &
E3eted, =l ke B33Pl reslEE sk

Ao| Fosiet

4

[o5

N

433

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

MPEG-H 3DA E3317]+&= 3711 o1& Zulle] o
gk Bgstel Aoy, $HE s] S5t =2
AAFEFS 7 tlekgt mEoa] gt shssich
PC, wnldd, TV 52 tjofst FalFolA B 25s
R3PSl Al stesle] Sl A%
gt Ryl FollA] ghdsljol gl o]E $3le] 7t
g Fa meW odilEF o] dgHolok

] B =Fo|4]= MPEG-H 3DA 3% AXE
Aot WA 72] 3] Hoslr|et 29 WF], AA =l
He, vle|xed el rls 2 FERE FAEL
aE]a 7 RES golHe{g|slal olF 533l
MPEG-H 3DA A7t 233175 F3lgi) 73t
33718 AMSsle] 7F RES iR A3l
thefgl H53 weoae] odrkekS Al

2 =7 AL o Ak Aelke=
MPEG-H 3DA ol AF-%l 71458 Qoksla 1Al
M A AxEde] WA 7 Basple] 725 &
Agi}, VA4l MPEG-H 3DA AA|7F 235317
5 7319 om, VAellA= 3% MPEG-H 3DA
AXZE B335 ARl 7 wEY 553 ne
dikek 9 ik A7kE sl rix ke g VI

oA e derh

o

II. MPEG-H 3DA 7| &

2.1 F0| B3|

o] B3] 2ol S 23 oA B
ste] k&8-S =o)7] 95t MPEG USAC 53
31714l IGF, QCE, MCT, Hybrid residual MPS £<]
F7}=l9del. IGF 52 MDCT (Modified Discrete
Cosine Transform) ¢3%3¢] &2, noise filling <] A
o NG AR A7 AR~ ER Elele] A
HE o]g3le] vlolgle AZk-~HERS] HHE
A3h= Eolck IGF £ QMF %42] SBR (Spectral
Band Replication) &% dAlsle] A8 4= 9)

QCE & USAC 9] HAig o5 ~HH S
(Complex prediction stereo) 3} MPS 212 55 4
Fate] At Z-9- a7e] Ads 2HEe 52 v
AR #3532 Bo3E gt

MCT &2 Z9E H33152 537} F2ukeko
Z A" ol AE5E EEe s A4S AREst
o] AZEFEE delA] H33) 3= Eolvk MCT
=2 IGF £ o]43le] 2HHL Alse] A7k-False
ododolx] 0o x5l AlsE B33} 3= Stereo
Filling (SF) 5% ¥33lt}

434

Hybrid residual 52 MPS212 £ 7|43 Eo
2, Ao A3 (Residual)2} HA}F7](Decorrelator) S
Aol ARg3le] 2EE S Al5e] ARteE i)
7b ol digh W4-S > el AdedEef g)r.

2.2 zoi HED|

¥l W3y o AA7|(Downmix matrix
decoder)®} E= ¥3Z17|(Format converter) 2 Yl ch
R A7 = =Y 29 AY AAARE A
sle] Z7| e~ wjEH S AR ASda)
=Hcke] A Holobzo] i FF Holokxel &
=3t 7% “Converter rules matrix' "S- A-§-3}] ¢}
2w EY s s EY G AL AsdT S
ko] Apd dlololg sl o|Ate] EE lojoleel]
sl 92 74$- 3D VBAP 7]k e wjE
d WS ARSI
E9 W ]E oAl vk vl EY S ALgS)

A gt o AL

Reol 55 R g vl % Ros 2] oy
2 W EHAE aR A4Sk whoR SRR,
t}2ulAl A ellx] F e 2(Comb- filtering), Z 2]
o] Ad(Coloration), $174 = 52| AlAe] WA
5ol 55 mE= o]F ddsy] slsle] W =
Hduicl Ad7ke] ks Bk 2 Ao 9
AS- AEEk et A dit) 5F el r)EE
L7 dlojHel= QMF dollx] =sict

=o] Ade] $i= 5.0, 5.1 A2 Hlojolell ol
Ad AzE dyesle HMHOE “Immersive
Loudspeaker Rendering!'” =7} glowm] o] iz0]
Ade] o Aol mE Ad & 7] EQE A}
B3k el

ru
2
mlnz
%

2.3 24| =iz

AA dvE= AA eedlelE  s4H0AM
Decoder)£} 24| &lt]z]H(Object renderer)® T4 =
o] it wetdlolE] ai4= MP4ztlell 23k -
3315 A vleldle]elE B53) sp, AA| zlci]
= AA wefulol, 2 A dojol& AM-
slo] AA A5E A A2 g} A Het
H|o]E{(OAM: Object Audio Metadata)= 2] 3
AAR, AAL o5 3k 5= XL

weldlo]e]e] R-T3lolli= A7) 77 o] =Z|gnk}
Heldlo|e S 2% AAsk= ¢lE2lEZ(Intracoding)
= AR, Do wlebA] g =]l WellA] AR

J(Differential decoding)& A8-3}e] A7t A=

www.dbpia.co.kr



=% /MPEG-H 3D £t]2 %5 B33y 2

NE,

) b
Aatek #4

Al Eﬂtﬂé—t— 3D VBAP 7|&-& AMgsle] 7F ~
A iﬂligl o5 3he ARlsl, o|5

‘_5,34 QMF ojoda] AL

71—

g Flsle 7 27 7—](Imag1nary speakers)
< A3 4 glth =3k MDAP (Multiple-

Direction Amplitude Panning) 7|2 g-4F2] 53]
(Spread)S 8% 4= 3lvk

“Screen-Related Element Remapping'™” 7]
o] AMA ¢x|of AL ET]Esl= 7|

e 3t
o2, sl

9o Z7 AR} FoiE A ARE 4= gltk MPEGel|

A el BERE

rii"

5o 9l5t] e F

Aol ALgAZE B4 Sl deirhe Ao A
S8 % ol AA el o]ol digsle] S

e Wz AAe] HAE B

% olet

2.4 dHio|== 2y
A Azl alig Ade] ol W FA g AL

HAsle] dljg] &

(Reverberator) & ARSIt} vlo|:= allt]e]= ofo]
W34 S 2] Wk 3] AekS AL o)
£ 7 dejelel AgsiAl A Ak vle|xd sle}
vlelste} slelrlels) € ofo] v $4 S-S AN
slod Ad A E ofe] Aug l|ash= dlojs i
RERRB S gl

1. MPEG H 3DA &Z AZEQ0| A 7
S| 7= & Azt 78

B =4 MPEG-H 3DA % AZEgo] B
A7 7lﬂbi AN Bo3lr)E Fsick AA
7t Ba3lyle x3hE nES Fo] By, 9 W
], AA e, vlo]x" "ﬂlﬂﬂME} wHA Fx
Az ESe] Bo3lr]e] A 2= e 1 -
Eol| sishs ZRAE] A4 %L = AR 4
REo|4] MPEG-H 3DA 5353} % =] 2pgeilx
HHAske SEE AV 2288 Q4ks AlAska, =9
3 7uk 53} g lv]g] ks 3k e F
Z gfo]Helz]3} 2 §3l8le] MPEG-H 3DA A7t
H33p718 sk

g81o] ofo] AlEE ATjShe el Ajel
A7t @3t Fabgs gl lxle] Slek A Alge] 3.1 MPEG-H 3DA 5Z37| 7=
ool ¥ %ﬁ S-S ARFASE W il = MPEG-H 3DA 3% AT Ele] ¥zl 7 Ba3ly]
RollA] WlEEe]7] wlitel MPEG-H 3DA Mlolie o] Juri- (3] 153} ek xmo] Basp]sh 74 4]
4 dvels 27] WS a4 A4S ARES) 7] 1e]a $XE)7) A ZRoauls e 5
3 57 AR 7b Eeded] At QlF A Z3le], MP4 T}dS- B33 sl 7} miale] Eeflo
CuputSPK | broessi
- — Seometry.bt _ - biock ( exe)
Do “rnlnl:: Downmix : o
ol Matix |- _matrix, EQ | e Audio file
|| Decoder | 0T ———— > Meladatafile
rput SPK geometry. ixt : I
______________ I
wan/ wav/ L wav OMF
Jmpd USAC 3D |.OMF | Domain | QMF - | Domain | -QMF *  Post
Decoder *| Switcher I Switcher b Mixer processor —
r wav
: : : : | Y & vy _FD Channel)
o : wavl *Rsmml
I | Domain | -GMF rer
Lo _p ; Switcher +
[ " Clhbiect s FOO
I I inaural
! : ! ! wav I’"F'arar_neh-i—
» i QMF 2ation
| | | sAOCmeimdats _ === ————— » oomen : Suturer
| config DRC metadata dat { =Tl ,TD Post
] | wa || Binaural >
I HOA | | Domain | -OMF ~—»| Renderer wav
I_____”E‘[idiw_'cs____L _________ ¥ Switcher : T (Binaural}
lmm * wav - JI Blrxrai
{HOA binaural) BRIR.bs ™ Parametri-
Zation
2| 1. MPEG-H 3D 2r]2 Fo] B33y e ¥ 32 »E
Fig. 1. MPEG-H 3D Audio core decoder, renderer and post processing module

435

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

A AP e SR 7 B3 w6 A9
= %01114 %;V & olEelele] e, A A

E%‘% 2] Ao} “ﬂE}rﬂfﬂEi A E B3
3lgit}. ex)e Al A 413, A 4%, SAOC
415, HOA A&7} ik wedlole] Al AA,
DRC, SAOC, HOA weltlojele} qly&H el A
#ojoly- B Fo] gick

ode] W3 |(Domain switcher)E= A7
QMF ¥ 3lo] B2 =(Hybrid) QMF" do 7}e
+ 7Yty 7 o3 2 allv]e]e] Ak o
A3 5 W3k}

535318 A, A4, SAOC, HOA AlE+= 77t £
"l W3l7), A4 deje], SAOC 3D E353}7](SAOC
3D decoder), HOA -3%3}7]/2lt)2{(HOA decoder/
renderer) & 3l E¥cte] Ad A3 2 o] Ec)
webdo]e] 3141 (OAM Decoder)= §+5% 4] v
eldlo|E] S E-%33lt}. DRC-12 235318 7+ A
I} AAalse] colur] #QIAE 2AIICh M=
7} Arge] E89& Hallerk vlelxd M=
7} odedel] H3hgh H}Ol”ﬂ A2 7} ATk $4
2]7]%= DRCe} 2lvlE] &5 Z3eh

wé’:

3.2 F0| ES5P| %

Fo] B33 (29 1]19] k3H B20 % MP4
gpelel A Ad/AAHOA 533b7)/=1H2] 2 DRC}
F5 veldlo|E] S FE3= “ASCparser Lib” 2}
USAC 3D E33}= 483= “usacDec” Z2AEZ
v} [23 2]+ “ASCparserLib” £} “usacDec” =
BAES] Z&X Fzo|r). “ASCparser Lib” Z 24
ErE Ak} o] ert 3k MPEG4 o] 1324
ARl WES A|FSh= “Libiso media” ZZAE9}
2317 §)x|e} 29 A #ololy- 5 Qg zte] Wt
< 35 “Cicp2geometry” EZAEE- F3}ghr],

“3DAudioCoreDeclib” ZZAE= USAC 3D &

[ ASCparserLin CicpZgeometry W M|
|
| usacDec Libisomedia | | |

Projects for usac 3D dec
3DAudioCoreDecid \—‘ |

2l 2. ASCparserLib®} usacDec ZZAE F&A F3
Fig. 2. Dependencies of the ASCparserLib and usacDec
project

436

332 93t ZTIAEZI oy K Eal
“libeptool”, MPSE- =3}3}= “spatiallib”, QMF 34
2 BAs 0]?‘51- “qmflib” E}"EE g_%l—éh:].
“objs_streamfile” ZZAE= 2T] 2 MP4 J]-‘” S
zHq] 92 ~EeuEd 5 gl WES
“3DAudioCoreDeclib” ZZAEX USAC 3D %
335 433= USACDecodeFrame() 375 ¥3+
gt} [23 3] USACDecodeFrame() 32 £
o]t} parseChannelElement() ¥t AkE B33}
2 oJokxlsl, NF (noise filling)S <=3§ght.
processingChannelElement() ¥<~= IGF, TNS
(Temporal Noise Shaping), M/S (Mid/Side),
TW_MDCT (Time Warped MDCT) 5-& ¥&H3lc},

rt
USACDecode
Frame()

parseChannel
Element()

'

MCT

!

processChannel
Element()

!

Mono SBR

MPS 212 or MPS 212 or
Unifiad Stereo Unified Starec
Stereo SBR Stereo SBR | |

| — T

h

Return output
buffer

02! 3. USACDecodeFrame() 2] &2%
Fig. 3. USACDecodeFrame() processing block diagram

3.3 =8 HEY| =

¥l W3l7]E “formatConverterCmdl” ZZAE

233 119 5 £S5 s, 2 54
2= (23 419} 7t

“formatConverterLib” ZZAEE v}~ Az]
719} A1ZF 2 QMF 349 =9 W3] 5 3
ghth 22977} B dlolole] obd 739 3D VBAP

www.dbpia.co.kr



=% /MPEG-H 3D £t]9 %F B33y 732 Y odilsk 24

|_| __________

oVBAPRendererLib | [ formaiConvererL iy | |

formatConverterCmd|

2l 4. formatConverterCmdl ZE2AE F&A 2
Fig. 4. Dependencies of the formatConverterCmel project

TZRAEE 5% 2E ) HEA|E 913 solue]
T QMF 4 ¥ & it

3.4 A oy 7=

A4 #t]z{4ql “gVBAPrendererCmel” Z 24 E9}
#3315 veld|o]e]E B-33}5l= “oamDecoderlib”
saAEs (28 19 SR 256 AP
“oVBAPRendererCmdl” ZZAEQ] FiA] Fx=
[Z¥ 519} )l “gVBAPRendererLib” T ZAE=
A7k e ke gelel) A el Sohehs 3
= ¥331, “oamEncoderlib” ZTEAEE= B 53]
= wedole] ledefx] wetdole 5 FE3)r

[| gVBAPRendererLio | [ oamEncoderib |]
o | 1

3% 5. gVBAPRendererCmdl ZZAE F&A T3
Fig. B. Dependencies of the gVBAPRendererCmdl project

3.5 dio|=d ®EH F=
nle] e v = [ 1]9] L&A B850
7k 33} e ofo] F 7| vl 9le
v, 7z} ofe] vl 34 & Felvelsh ZRA Ee}
vlo|xed wlvjely ZeAER vtk FEA T2
[" 6]3} #ch

“binaurallnterfaceLib” ZZAEL wlepr|e]s}e
oFol M} 24 S-S ¢o]E°|9 “BinauralRenderer
Lib” ZRAEE vlo|xd alv|e)s aigith vlo]
4 g 27] s ikl us ABFAE

A
>

o2

—————————— =
BinauralRenderarCmd| |—| bir linterfaceLib | |BinauralFlendelarLib{TD]|

[ (TD) H [ Cicp2g Y | | fitlib | |
—————————— —_

|BinautaIRendererCrndI [ pir facelin | |BinauralR-andarsrLib{FD]| |
(FD) [ Cipzgeomety | [ | |

72| 6. BinauralRendererCndl ZEAE F&A] Fx2
Fig. 6. Dependencies of the BinauralRendererCndl project

A3l ujel| s Fule] WIS Sl
“fftlib” ZZAEE F3hc}

3.6 MPEG-H 3DA &= AZEQo] HE 7 A
At =Z317| 78

7ol E353}7)e] “ASCparserLib” ZE2AE9}
“3DAudioCoreDeclib” Z2AE xwl W3l7] 74
gciz], A7k 49 wlo)xd wltje], Fub4 99 u}
ol wlrjzie] Z&|gl vk B3} o elt]3g 4~
Ag3h= TS T4 glolBelE| R FAdEte] oot
FAEA AR = Q=S Sisich “ffilib,
“qmflib”, “Cicp2geometry”, “Libisomedia”,
“binauralInterfaceLib” ¢} o] FT-Eo 7 AgEE=
B2 27 535 54 glelBeg R WESIch

glo|Beje]E T3k A A FEEE TS
AAsIAL). x LT E]e] Fo] B53517]9] SBR
E7 MPS &2 QMF 42 M) aaisl=dl =
H2]7} QMF del|x] 5218 75, =liv]z]e] $3to]
kg%l o]F QMF 45 T3l e® FAslIsich Al
7k 39 nle|xed dliviels oY Adaeol Al
o] 3278 Ad 4lz.o] wlelid S 331307
el HE Ad AlEeke A sleE As)
otk [ 7] F-318F MPEG-H 3DA AA7} 235
s7)e] E5xo|th

MPEG-H_3DA_init() 3= A=) oJE3t &
A3 MP4 113l e] wetdlolElE ARESle] H35.3)7]
9 deje]ollA] A= e WEE 273 g

Start MPEG 2DA
Decoder

MPEG-H_3DA_Init}

MPEG
H_3DA_RandAcei) 'Y”‘@

MPEG-
H_30A_proc(}

T2 7. MPEG-H 3DA 533] 2%
Fig. 7. MPEG-H 3DA decoder block diagram

437

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

AREAY A 7hssE Rew AT ~5A ¢

A, A B19] SEE e vlolis] ]
o Ahgelt W ofo] 1 34 o] ERelch Lo
A gErle= Faslr]es] A=,

MPEG-H_3DA_proc() 4= USAC 3D =33}
<F 2 W], A altie], vle]x=d vy it
S 433t} “objs_streamfile” ZZAEo]| ¥gH
StreamGetAccessUnit() <=2 MP4 I}d-g- Sla
USACDecodeFrame() 3<% USAC 3D H33}= <
gt o] Bosprle YL ARF 99 52
QMF cjedo]nf, 30 B53}7|e] Z¥ g3} Fdgh
odode] Eol wisly] 9 AA iy, vlo]xg oy
7} EARR: QMF -2 2E vzl o] 3fe] <k
=5 ok A8k

MPEG-H_3DA_RandAcc() 3+ StreamGet
AccessUnit() 75 AM8-3le] B33} #3129 919 A

< 7le% a3k

IV. MPEG-H 3DA 30| £55}7| 2 ZoH
BE7|, A G2, o[ ACE AR 2A

B Aol A]= MPEG-H 3DA Fo] B33}7] E9)

2. QM B g A dxlek
Table 2. QMF analysls/synthesls computational complexity
Config. Mono 222
QMF analysis 8.988 MIR 214.441 MIR
QMF synthesis 7.399 MIR 180.206 MIR

7} AAAEE AHSct,

B EFoxs odalepe] & ezl 64¥l= QMF
Je] vz QAlere 7|FoE tfE nEo| olakek
< FAEkI [ 21 19, 32 Bl &
AT 2224032] QMF ¥ wj=ze) ikt 4 A
Folrk wral Aol QMF FAele oF 74MIR
(Million instruction retired)2] <1Akeko] 2 Qs}gl o
™, ]2 QMR_MIR °& A 2|s}sic).

41 MPEG-H 3DA £33} 2=
B 535)r)0] ik 248 ¢)5to] MPEG-H 3DA
Az pmege] WA 7 ¥EHI|E A8ale] M4

¥ 3. MPEG-H 3DA #33p7] & ¥ "o} 294
Table 3. Tools and command switches of the MPEG-H
3DA encoder

W3], AA gje]e] akeks Bty Az o Tool / module Command switches and Profile
AF 7VeAS Al Belt). MicrosoftAl2] VS (Visual description Lo | Hi
Studio) 2012 9] =gy 758 ARSsle] odxlek -ms 1 (auto-detect) O| O
o 2A3lt). VS 2012 Z2delels sagee] 7t Mid/Side -cplx_pred (complex stereo olo
ol thste] CPUS] il TS W) ek At prediction)
SFe ZAal )il wo]a] FPeg ojwlE"e] dlo] IGF -onf ©l©
. NF -nf O | O
HE A 5 oldrh o5 CPUCIA AAl 3% - .
. RN -mctMode [int]
upos (executable micro operation)E 3= 0 = Prediction
“Instruction retired counter” 5 ARE3}3ich MCT 1 = Rotation olo
AxE A7 VS 20129 clock() 35 AHE-3led 2 = Prediction + SF
2Aagck (2 119) Alkg TAE Fs) ) 3 = Rowadon * S
PCollA] A2 2U =T AMgale] 2715} 9 sjal 4% NS ns.le °©19
2 A7k Al9)gh aA] okye]=e] QA A]7kS 30M] -tns X0
243} Hglolth ALeE AZe 5% 7ol L9lo TW_MDCT -usac_tw X | O
2 2HEle, 5.1 A9, 7.1 A, 102 A, 222 A4 -sbrRatiolndex [in(]
1 = 4:1 SBR
_ ) SBR 2 = 83 SBR X0
E 1. H2E PC 34 3 = 2:1 SBR
Table 1. Test PC environment .
Harmonic SBR | -hSBR X | O
CPU Intel Ivy Bridge i5-3570 (3.4GHz, 64bit) “mps_res (with residual) x| o
RAM DDR3 16GB (PC3-128000 800MHz) MPS 212 -mps_hybResidual 1 . o
GPU AMD Radeon R9 200 (940MHz, 3GB) (hybrid residual mode)
HDD 120GB SSD -ipd (with IPD coding) X | O
oS Windows 10, 64bit QCE -mps_qce (22.2 only) X | O
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g

o
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L
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Channel configuration
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Channel configuration
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Fig. 8. LC profile core decoder computational complexity
(upper, unit: QMF_MIR) and processing elapsed time
(lower, unit: s) 1.with MCT

59| BF3le] 2 AMRES A o= A
AHgshe el w, FAhs oIS ASE HleluelA
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Axkela) Qdak 29 A7F 23 Aol
ek Zesjele] elake 8 ik 28 A7k =
A A= (23 10]elch A BAe] 2 Az El)
oje] MPS+ 2224d Al3e] F-a3iube x]dshr]
wlol] 2224d AlEE A3l MPS} hybrid
residual MPS, MCT &2] <d4lekS- v]wsleich SBR
< 2l REE AF&%}C’:‘E}. wxler Zaglele
QMF & Aleldt 74§, Aadatel Zaalela) viw

(

[ parseChannelElement()

[ processChannelElement()
SBR

[Jwmct

[Imps

QMF MIR

2 517 74" 102" 222" 2222 2228
Channel configuration

2 517 74" 102" 222" 2222 2228
Channel configuration

J2 9. melak) Zeslel Fo) BEsp| ikt (9, w
$]: QMF_MIR) ¥ <4t 48 A7k (o], @) Z). LMCT
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Fig. 9. High profile core decoder computational
complexity (upper, unit: QMF_MIR) and processing elapsed
time (lower, unit: s) l.with MCT, 2.with MPS, 3.with
Hybrid residual MPS

I HybridQMF 1

DS: [ IDownmix processing
£ s
(¢}
0
Passive Active Passive Active Passive Active
222to2 222t05.1 51t02

[ HybridQVF
[ JDownmix processing

Passive Active Passive Active Passive Active
222t02 22.2t05.1 51to2

T2 10, Tk 49 E9l ws] dakek (81, 9S8
QMF_MIR) ¥ <14t S 17 (o, =9 2

Fig. 10. FD format converter computational complexity
(upper, unit: QMF_MIR) and processing elapsed time
(lower, unit: s)
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Fig. 11. TD object renderer computational complexity
(upper, unit: QMF_MIR) and processing elapsed time
(lower, unit: s)
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Fig. 13. Binaural renderer computational —complexity
(upper, unit: QMF_MIR) and processing elapsed time
(lower, unit: s)
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