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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
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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.
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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 (0] (0]
HE 3T 5 glth o]F CPUCA AA| 3% ! .
; s NE =a)s]e -mctMode [int]
upos (executable micro operation)E 3= 0 = Prediction
“Instruction retired counter” 5 ARE3}3ich MCT 1 = Rotation olo
aAak A7k VS 20129] clock() S ARE3l] 2 = Prediction + SF
ZA ) [ 119] A 7BE sk Al 3 = Roution + SF
PCoA AF 2T =S ARgsle] 27]31 2 5lel 4% NS tns e © 19
= AZRE A9k A dare]Ee] ik ARk 304 ns X0
___]4.6}_ 44;3_71_011,/]_. A]’%“H_ /“Egg 5% 7‘:—]0]94 3—%3 TW_MDCT -usac_tw X O
2 2d9e, 5.1 A, 7.1 A, 102 A, 222 AL “sbrRatiolndex {in(]
1 = 4:1 SBR
_ _ SBR 2 = 8:3 SBR X o
# 1. H2~E PC 34 3 = 2:1 SBR
Table 1. Test PC environment :
Harmonic SBR | -hSBR X (0]
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 |0
oS Windows 10, 64bit QCE -mps_qce (22.2 only) X | O
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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
zrotr] AMgsha= Wlo]th MCT &< “Rotation+SF”
RES ARgSisleh (18 91 Ak ZEslele)
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
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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
AHS, 2.MPS AR~ 3.Hybrid residual MPS AR

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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