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Audio Bandwidth Extension Method Based on Echo State Network

LIU Xin,BAO Chang-chun
(School of Electronic Information and Control Engineering ,Beijing University of Technology. Beijing 100124 , China )

Abstract: The bandwidth limitation in wideband audio communication systems degrades the subjective quality and
naturalness of the reproduced signals. In this paper,a wideband to super-wideband audio bandwidth extension method was
proposed by using echo state network. The echo state network is adopted to model the mapping function between the low-and
high-frequency spectral coefficients of audio signals,and the temporal evolution of audio features is represented by continu-
ously state updating on the basis of the recursive structure in the network , for effectively estimating the high-frequency spec-
tral envelope. By combining the high-frequency fine spectrum extended by spectral translation,the proposed method can ef-
fectively extend the bandwidth of wideband audio to super-wideband. Evaluation results show that the proposed method up-
grades the auditory quality of wideband audio, and gains better extension performance than the Gaussian mixture model-
based bandwidth extension method in terms of both static and dynamic distortions for most test data.
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INRBEZE 2.7268 2.5441
&M 4 2.7139 3. 4748
B 8.5385 7.2954
-5 14. 3996 11.2511

SV YR, AR SO VR R 08 A RO AL T L v A 3
PB4, FOA R 25 Al TR 22 W S R
TRREAR T 3.15 2245 X B 4R, ESN Jy ik E a5 4
ARG B T, HAR AL B B TR IR A, 1T GMM
51 T v A R UL X IR R, T i R T B
PAG TR 2E. AT £ b SR FI2E Wi 4k, ESN Jr 3 8
TS R R e R, S UM iRER TS
HEk
4.3 ENRREMX

A, A SCGHE— 22 F ] LSD ,COSH L) ¢ DLSD —#j
O Sk AS ) 7 vk 0 A5 B PR, 45 3 a3k 8 iR,

4.3.1 HEERE

ARSI T T I S S AT T
LSD Fb45, N2 8 Fiw. S ik 25 Al i h iR 25 o fr 45 2
AHIE , ESN J7 3 LSD -V PERERS L T GMM J5 k. Xf
FREF R MEEEMZE BEEES, WAk LSD H
)22 S 7E 0. 5dB JEHE . MM LSD 22 58K &
B L8 Ok XA R 5 5 mi e e L R L JF AL
FERPIER A DL A 23 4512 3 A7 A8 BH I8 09 8 28
5. GMM 8 /5 A 03 33 Lb #5738, 1 ESN 5 7 3 g A
T T T G A, DI AR AR T IR LSD. i
XFFASH SR A & b S, ESN H A = 45 1 3% 1K G i
R RS LT SRR b AR Oy B s EJE L LSD &
GMM Jy ik H 5 4.
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®8 ARYRAEEREANENEEMALR

] LSD
2

GMM ESN
EZindn 6.6592 7.5732
BL&K 12.5328 8.4177
PERE R 6.2152 6.2856
N B2 3.7840 3.5192
R A 3.8029 5.0384
e 6.2044 5.7943
FEIE 6.5331 6.1047

COSH

GMM ESN
SRR 28.4653 31.9172
BtEs 21.1773 17. 1231
PERE R 19.0094 20. 1251
JNRZE 2.5972 2.6134
A& 5 3.0143 3.2091
EE 39. 655 37.7401
S 18.9864 18.7880

DLSD
b3 €iE 3]

GMM ESN
EZERER 4.3296 3.7866
B R 7.2664 4.8089
WEE S 4.1076 3.1428
INREE % 2.3920 2.0596
2 2.90145 3.1192
EE 4.0310 3.3972
S 4.1713 3.3857

4.3.2  WH KRR E

AHEEF LSD, ltakura-Saito 2K . Sy & A9 A 3% U 2
MR 22 (AR, PRI 5 S A S X 6 o e B O A
Itakura-Saito 28 B d,[;s] LLENLUT,

L rP(n P,(n
v 2 [Faes ]
(15)

VER BRI B , d s T AN EA XEFR I, B AR SC e+
T COSH il BEA A& 1F 2 T 10 J32 F 1 3 B 7 5 0 1) Je%
IS EL. COSH MEE dog i LINTF ™,

dawn (1) =3 Ld (PP +d, (PP (16)

COSH & R Bt X%t 7 ~ 14kHz B3 473157,
LA B R dhe b P A Wty € £ F- 35 (B A O B 8 Y
COSH B2 Wl 7 J§& 75 % S5 ¥ 49 g COSH {H LE
BARUNA 8 R, A2 HEK 1, ESN FE ¥ Jii ) COSH
{H5 GMM 753k el ESN J5 578 B 4 & SR it &

dIS(Pi’Pi> =

5 R E Y UL i 2L T GMM ik I AE £
&SR E NS T2 2% T k. 275 DL B IR BEXT L
UL AT LIRS 4596 : ESN #i A8 % WK FLAH e GMM
A STt
4.3.3 EHWEELE

T AT T ) ) S8 1 R o A ) o e v L
A [RIRE SN E 2Pk, AR S0k DLSD A sl 248 25 L
JERVEM Y5 J5 5 3015 5 A0 3% G, 245 118 F (1] 33 72 - I A
JE. An A DLSD {HA/IN, AT oA 0 & 304 % £ I [ | A2
FEAHXT G212 , A 4 T 55 1 400 1Y) R A 3 U0 T 0 o it
DLSD i J3 > a2 3L
dDISD(i> =

1 N P.(n R n 2
J SN % | 10l fz-l(n)flo logi P(<)>
(17)
Ko PP ST T WU LA R T A 5P
{5 G DFT 3%

8 [FIRES T PR 1T 4R 25091 DLSD fy%5 5.
FErb MESEIZE SR S BUR S B [
RO I 6] 79 BT , IR 5 Ry o 2
S B 4 2 0 I T ESN J M Bk
e 2 BT 25 A 0 220 O T A 51, 3
DLSD ¥ (i 9] 5 i GMM 7 ik. 5 i 1 , ESN Jr i
DLSD ﬁ:}‘%ﬁﬁ 3. 40dB ;_LEE, ZBJE GMM Tﬁg}l‘ T 0.7dB
£,

G R 1 S 2R F00 A SR H 1 ESN Oy
VT A AR He GMM 2% 55 bl 5 71 75
SN ESN 73 TR 2R B S S (T
SHHE.

4.4 EMEEWR

SR AR Bk 19 7 1 K 0
0 T DU WU B T T 20 44 4R B 7 22 ~ 28
50 0 R T B e e R ) o
PR TR UL i % HE 7 3 o, E e T
MPEG 508 e 0 A A sk Bt e s &
IR B TR ST R MBS SR A
oy WA P S WAL 9 1 2% 000 4 15
o 2 T T 7 A A

UCEI R4 = 41 ESN 7 15 GMM 7 3
e ESN Jy o 55 506 9 A 1 e 50 R
S GMM 7 35 [ 4%, 5 2B £ LI i 45 5 1 2 0
B 45T AT HE, A S AR ESN 7 R 0 5
S5 L EL MM 7 1 B4 F 0 4 94 550
k. U ESN 7 1 T A3 O T 1 % VTR % 5
S T, (LI o T S O 7 0 A e
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X 5 T IR PR S I 46 1) S AU B R v 2765

Ve R R 7 0 T 5 01 R LR B 9% R OE R
0 .
x99 ENMREMVIKER
MERH  WESE Tt &

ESN vs GMM 45% 23% 32%
ESN vs JRUHTE I 23% 29% 48%
JEIRE S vs GMM 42% 20% 38%

4.5 tEHEZXE

BUAN AR 343 56 BT 2 5 3 225 T s B i N
B A A UBEAT T gt BERR 5 VA A RRAE R I
Ap A AR e T 52 ) DL R o A A B A A AR R Y T AR
TR SE A —E, DRl ] B A 45 A T B B AT
RORFETHER. XF T ESN Jy ik, Ho &g i 75 2L E 17 245364
RIILIZ A 1 GMM J7 L T3 ZE kAT 256512 R feikiz
BT L ESN ik R AR TS A k.
4.6 itig

ARSI 4 th 1) ESN 7 i R 6 T o 0308 0 45
), W AR A 25 ) 1) 20 25 T A8 o AR ) A 1) v A0 A i
AT b AN BT A R A B A AR R R
TV RIGEMG RSN KE. SR, M4 1 S
B 25 5 A B 0 o0 A e Tk B A DG, Gn SR e A B
AR T W RS TR e 8y, AN SCRT B O IE YT R IS
LAY LT 2 B — o B RIS, AR ROk AR,
AT DL FEOKS 5 038 5 AU T R AH S A, 2% ESN M
SRS VR LT R T, T T AR A S
HPE.

5 #Rig

ASCHE T — B T ESN A& BT 7 O 15
P07 1A By ESN A # Hh A dek DA S5 A AR TR AE 2 1]
ARZS SRS BB, IR LA UL 7 e 8 e A A i
SRR S 5 R AT, SE B T R SRS AL 4% 1Y
ARAGTE. TR I A R R, X T 2 40 A g
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