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Audio High-Band Coding based on Autoencoder with Side Information
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Abstract

In this study, a new method of audio high-band coding based on autoencoder with side information is proposed. The proposed
method operates in the MDCT domain, and improves the performance by using additional side information consisting of the
previous and current low bands, which is different from the conventional autoencoder that only inputs information to be encoded.
Moreover, the side information in a time-frequency domain enables the high-band coder to utilize temporal characteristics of the
signal. In the proposed method, the encoder transmits a 4-dimensional latent vector computed by the autoencoder and a gain
variable using 12 bits for each frame. The decoder reconstructs the high band by applying the decoded low bands in the previous
and current frames and the transmitted information to the autoencoder. Subjective evaluation confirms that the proposed method
provides equivalent performance to the SBR at approximately half the bit rate of the SBR.

Keyword : autoencoder, neural network, audio high-band coding, side information

a) Fo 8w A58 FHDept. of Electronics Engineering, Kwangwoon University)

b) SH=FAAHEA1 A7 9 (Electronics and Telecommunications Research Institute)

¥ Corresponding Author : 3% (Hochong Park)

E-mail: hepark@kw.ac.kr
Tel: +82-2-940-5104
ORCID: https://orcid.org/0000-0003-1600-6610

MR RS 20189E FaUisty wuidkEd ] Add 20189 AH(HAT|SHHEIN S APoR JRFAVNETHAHS ALE o} 48

H 979 (No.2017-0-00072, 247 Hitv|HolE ¢ AV F3.81 9 LF vitio] dxd7e 7.

% The present Research has been conducted by the Research Grant of Kwangwoon University in 2018 and by Institute for Information &
communications Technology Promotion (IITP) grant funded by the Korea government (MSIP) (No. 2017-0-00072002, Development of audio/video
coding and light field media fundamental technologies for ultra realistic tera-media).

+ Manuscript received March 15, 2019; Revised April 30, 2019; Accepted April 30, 2019.

Copyright © 2016 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



388 MME3SrE]=EA AM24E A3, 20193 52 (JBE Vol. 24, No. 3, May 2019)

k]

2

o

l-fO

o

o

o

-z

fol
o
rir

E
o *
3

% o2
G £
B
jad o> —m

Im
o
S

fr

2

<

ol

o,

&

ALY
— W 2
2

4 o do n n
4y i o
rot, to,

K
o |
B
o4 P o
Mo rlo
o
X
g
N

ox
T
1o
Lo
& ¥
= O
-
B o
e 3N
» 4T oo
fol
ot o
o
£ o
4o M im
4y rl
r-|—‘4 HU
X 2L
o
o o
N N
xR
I

o
= 4
ot
N
re
-
N
N
23
09;,'1
s
2
Moo
fo u
iuj
o
o 18 oX rir

w2
30 X
2 om
.
<l ofr
Fg
2 Jn
fol
o
QL
rir
k=)
T
=

B X o2 Hr
4 oz 12 ol

[m to o
oX
i o
1o
=)
v
=)
o
fr
e
rj?l& [
1; —‘E

i

o o O o
rUlO I"O k?_l', j:(—l' r—lO

L oox N

e
4
¥o,
o)
o
o
.
o,
B
>
o,
W
Y
2
0%
E’L
9

fd
X,
o
—H
fol
il
4y X
o
grh
B
rr
bl
e
Aui
&
>
dlo
D)
=2
riy
2

fo
o

ru
~ WO to

flo
=
12
rlo
flo (&
rlo
4z
fol
ot
Y
o&y
H

ko rr
oy
N

t

of
i
Non ®

o
£ of
Rl
=

o
s
)
O]
i
a 4

and replication (SBR)©] ItH. SBR
quadrature mirror filter (QMF)
ooz Wsly, s &5

el 7F B85 B2 ofufA] 9 & A K (tonality)
gt HE Fate] AFgith Boslr|E AT
AN A} FRE IO R HAlsty, AEH S

HHE Aget] HF 2L

> fol ol
A
o
> o3
N o2
e =
| rz [on
Y fol

o8 i

18 1o Ho

>~
x4
ol
&
o
o
T
fof
ot
N, ofN

Lotlo 18 o2 ol L oMy -z ¥ r|r (o

of
-

l?_
= Agjele] £ Qdelo] wrjele) QMF 9°l3 o
vash Bl F ERY MBS 5 %

o2
ol
on
£
=
I
ot
3

E

AE ol gate] TrlSe Belshs wol el
T QY T B E o3y Ase} ~HEY ¥
gxor wdd 513, =3 2747 (recurrent neural net-
F4 21747 (convolutional neural network,
HAG AA ZH o] Ay AREF
3 e XS 959t 53, 1 A

7o) 37 A ARE Bkl Tr Au

i

d %ﬂ

=4

fr

fo e

[

e

o sl 53 WS AQR, Hast
& QYske 129 9E Azd BA% B,
QE QIHE A% @S A guE 7
ARE QYstel B9 Y5 PP o F
S A 7735 d9el $ot ABE AHEstel
A Tl B 288 5 Utk
MDCT (modified discrete cosine transform)
=|m, SBROIA 2.8 QMF AlMHS A A3
A 1o os EF MDCT 4

1

ite)
o,

2

s

"
N
Y

>

]_

> N ox
o

TN A L o R 1 A o

>

=2
oL & oo
ut
12
fol
Al

2
2 ot
S
™, mf p
o rlo

)
B
i
e
Rl

St WA AR Y

1A ¢l 2t ] MDCT A€ 4
7T ASlE Q& QT 7wk
SBR A& vlaatsla, H3 7t
SBREL} ¢F 12¢] HIEEE F53

ofl

ox > 12 2 o2
1o
4o
fols
(o5

=2
>
i N oy o
o
ot
rr
o
o
o
N
)
)
&
5
o
2
2
o,
o
it
> rlo
N

aul

£2
2L oz
>
>
ojo
of

e
oX,
[o

ofr g
[o

2 W ox oX
_O|L
T
)
o

12
4z rir
fol
o
T oX

o e Rl
g
2

12 ro
o

i)
lo

=

Il. ®etst= Doy f535 W

1. 2E

ro
kO

A

O9 10] RE RIFHY 7 25 BTt LE <l
F99] 3 243 (hidden layer) A& ¥ E YR
w5 2A skal e | LE
AT E 98 HEE T & 2

input output
layer layer

hidden
layer

h]1dden

O

Ol Yor |©
Ol O
O
O

latent
vector

Q000000
'O0O0000O0

encoding network decoding network

T2l 1. QE Q1FN9| 7|8 X
Fig. 1. Basic structure of autoencoder



ZEQ 9 49 FF ARE olddte LE AFH 7wte] 2eHe ¥

9 F33t 71e 389

(Hyo-Jin Cho et al.: Audio High-Band Coding based on Autoencoder with Side Information)

rid,
i
o
to
N
N
lo
[}
L
=2
X
jincs
i)
oX
e
il
22
Hye

Atk &, F335 F42 L& Y
1 (encoding network) S ]85l 4 Al

latent WHE T3k #Aola, H33F FAL
2177 (decoding network)S ©]-£-3}14] latent €
H 9 Aoz Edstes ot

AQFsl= HE31E 1024 A Zolo] =9 99Z 5
231, 50% SHS 7HAIE 2048 AE ol 9= $-E A
3 MDCTE AlLtste] 2 =g d¥E 2 10247 MDCT
£ Fotth F5s g9 &2 14.25 kHzE A3k, 9.75
~ 14.25 kHz= Yool ot AlEy Fao+ 48
kHzo) 2, 3 Z#J2 3 6087} MDCT Al5E 7HA 1L L
oS 1927 MDCT AlF2 AR

I 27F & =wollA Aljkele LE AFH ] A X
g HoFth I9 13 o] Rust & FHiRS YEsie
1€ LE QI F39} tE2A, FUt JHE IR o)ds)
TZE 7N F N9 9FY AAe] HE 27
EA gtk F5ske JHof sk 19270 )& MDCT
A7t A A 15 21737l A=, 5 370 S0 FON
(fully-connected network)E A 42+ latent ¥H X 2
HEA B ARe dA9 70 AA ZH Y] 3.75 ~
9.75 kHz 9] MDCT AlFE 4%, 8 x 256 T-x9]
221 (2D) Hlo]Efo|t}. 3.75 kHz ©)3 R Ttz 4
HAA7E Fong Kb R ARSIA] geth ol Zd
A HEE HIHH O R ARESle] A159 AIZHA wist YR E
o] B9l Saale] QE FT e B9 %S dAkA
T 9tk H7 ARE T HA Q1S Al ol Y E o
= 370 < 2D CNN3} 123+ S ets) (flatten) 9F FONS 5
Fsled 104} latent #E] ¥ 2 MG, 2D CNNS A5
o BX F7 HRC] Fu EAJRTE ofvet A EAS
883 4 9 Sk o9 2ol TR F T/ latent
HE X 9 Y 2 ZAgsle] 143} latent WEIS A7, ©]E HF
9 A gste] HE &9 vlolHE Fetth Q& QW

N

rir

e iy

tlo] Al A 7= & 1o Aol sith

high-band MDCT coeff. side information
| FCN | | 2D CNN |
b=
559 2D CNN
I FCN
& 2D CNN
£
g
g [ ron | [ faen & FON |
latent latent
vector X | vector ¥
—-
g
2
53
=
=1)
.E
=
[=]
2
o=

output
J21 2. Hokste 2E 91RM #&
Fig. 2. Structure of the proposed autoencoder

E 1. Motohs WHOIM ARESHE dld2e| MF T2
Table 1. Detail of network structure in the proposed method

Encoding network for high band

layer function output dim.
in high-band MDCT coeff. 192
FCN, GLU 96
2 FCN, GLU 24
3 FCN, sigmoid 4
out latent vector 4
Encoding network for side information
layer function output dim.  filters  kernel stride
N DT coet 8256
1 2D CNN, GLU 4x128%x32 32 [5,5] [2,2]
2 2D CNN, GLU 2x64x64 64 [5,9] [2,2]
3 2D CNN, GLU 1x32x128 128 [5,5] [2,2]
4 ﬂatst%nﬁc'):idCN‘ 10 _ ) )
out latent vector 10
Decoding network
layer function output dim.
in latent vector 14
FCN, GLU 32
2 FCN, GLU 96
3 FCN, sigmoid 192
out high-band MDCT coeff. 192
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