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Improved Mobile Audio Bandwidth Extension Algorithm

ZHANG Cong
(Department of Computer and Information Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: The environment of 3G mobile channel is complex and the wireless transmission frequency band re-
sources are limited. In order to achieve the transmission and reconstruction of low bit rate and high-quality audio
signal, a modified EAAC + mobile audio coding algorithm based on the existing technology of speech or audio
bandwidth extension research is presented in this paper. The algorithm can reduce the computational complexity,
achieve the bandwidth extension of transmission channel, and ensure the tone quality of reconstructed audio sig-
nal by detecting and removing the sinusoidal component of short transient signal .

Key words:3G communication; mobile channel;audio coding; bandwidth extension

TEE 5 AR AR 18 S A 1o s AR BB R

1 51 &

3G R A E A IE s 1T LKA FioET 9 2 I
RSl N BRI AH AR BL, 0 B 5l 22 B0 B R
TR R LB . B, d TR sl fE
SRS 2R P IO AR iy s B IR A A BRAE L R A% 4y
A 2L, AL G S A S BORB B T
R PRI X , DRI T 1) 3G ) 245 19 5 2l & A 4 ik AL 5 A
SR T Bl 22 A R AU — A 9 SR ST T
I o N T 3d AL B AT 20 (9 L 7 5K L AR 314

* W #s HHE 12010 - 05 - 06; &[5 H #5:2010 - 06 - 18

FEMELAIRI, RN TE R 355 00 2 A 7% o 11— £
Bl RHEEAR JEHOR T S8 R

2 NAETEEY RER

2.1 EBEETETRBEA

B e R AR B & B R AE 20 1H40 80
AR 90 ARARAT, O T 2 i AR, AT L i
FEAEAFIFH300 Hz ~ 3.4 k2 B HE 54 3.4
~ 8 kHzEg S LA 8 kHz W Ta i (5 50 87

ESTH:BX A RE4AEET A (60832002); 3 4b 4 %K F /T4 £ &7 B (D20101704)

Foundation Item: The Key Project of National Natural Science Fundation of China(No.60832002) ; The Key Project of Hubei Provin-
cial Department of Education Science Fundation(No.D20101704)

.65.



www . teleonline . cn

RLIREAR

2010 4F

VR BE T TR B A I R 8 B A A B Bk R A
WEEE ST AR E =, R e g — 4
BTG5 o I 28 (05 BB B A DB A 2 E gt
AR AR RS o HORHER Al 7 A= s S Rl 15
5 DA B B A5 1755 i .45 10 5 L

AMR - WB + prifE & 3GPP LU RS shif
P4 gt i, H OB B vk S X ok A ] — Bl U 1
3UE 5 o i 5w WUE 5 0 5 0 >R ACELP/
TCX 1R A 2 i B UFI Se 8 e g Oy X o Sl o
JETE T RIS 5 Jo-i v 4 JBUA el ) A 9l
FHE , 2R AR 5 3 305 5 20 A I de s
)5 B, AR B A S M5 5 . AMR — WB + FRifEfy
5 s X PR AR S I P AT S8 R B s vh S L
PRI E , A BERR I (55 AR R S R AR #EAT B
N AN 2 R
2.2 EUHEEYREAR

T, SRR 0 2 AL B 12 R T ) SRR IR
K BWE Sk, HRUBOREUR « 78 i A FH A5
FRMERIR R A B A 2 8 (A B BOR AR A AT ) 3 i A
KL EME SRR . WY TREAR AT L2
HEHXMIEE B FE40E HAW Y R
BORAT KBTI LR M HMHE 12 e\ B BUBCSE 5 12%
A HAH Y REORA PlusV 5 K BBSM 4%

20 fH20 90 AR K H B A A3 4 55 2 i (Spec-
tral Bandwidth Replication, SBR) He AR, il 1 78 45 5%
RSB AR IS 05 S e R o3 S B SE T,
BRI 1 & HUE S A 1R 9 R 98, e TR
FORE T A5 5 19 4 5 o1 i, © 229 3GPP AndEfb 4
ZUR Y EAAC + bRUEFT R4, & —MER ShEh 5
I [ s HA A v s A58 R AR o R ) B B B
PRITE R 1 Rt

M R

@OWFHRESHE  OERGFOT ARG ()& B 2 B
4 B 8 4 HXHEIE 5 T Bk g

Bl 1 SBRAFTEY J&T5 X
Fig.1 SBR bandwidth extension mode

3 HMHMENERET BRAR

ARS8 W SE 9 IR S A EE
HaH 58 97 2 5K BBSM(Bark Band Spectral Model )
. 66 .

25,00 EAAC + FRUfEH 1) SBR HARFEA TRk
3.1 BBSM £l

A RA ARSI B AR5 5 A 47
5y Z 8] AR AR A e R AR . A
M ity e 5 R IR A IO REORF E
S ali] xo1i]

i=

corr = . . (1)
\/( Z;)xz[i]) X (Z;)f[i])
Ao, o LR 55, y L il e s i (55,
N SETH AR AR RE 51 1 X TR
St AP BRANT AR I 38 2 A S PG A
Yooy pr i o SRS 5 i IR . BRI S
AR, D0 s AR 4 S P R e R RS A A AT
WfE S, R e A LUK B B m g, A
U S SARIE 5 B AR S, W TE g i i
B 0555 AR RSL 709 3 ke ) 2] Bake 7 4503 , JF S I
BEAS Bark A7 B RE L, [R5 B 3 00 23 903 5
RIS AR AR AT 7, WA I Bark 47 1O REHE, SRS
THEARATURL 7355 5 o7 i A3 70 1) Bk AR 431 47 114
A LL R B, PR I RE 1t Lo R BUE 9 2 880 3 i
Ao TEARRG IS AR 15 2 Bth 5 v 1% 16 2o O ) RE B L
FB AR 53 1 Bark A5 A5 (14 B 52 A2 11 2 e
BB 53 BT X6 W Y Bark A303E 4504 , I R 4T RE L 6 %
SIUE T R A Y AR
3.2 EAAC+ TR EHE %"
EAAC + #rifErf SBRSIEFI TR & 15 5 F& iifs
SR AT S AR 22 TR AR DGR , A S AR
JOT RSN BRIy H R AL BRI 5 5, R
FEGREAIG SR A 64 FilF QMF UEPas 2, By Hoxf
i AfG S 1T TR . WG T4 QMF JEJ
JEfH 32 4> QMF F47, B> 7H BT 64 IR
B, e R X b A5 X SO
XCk, 1+ quWriteOﬁ%et) ,0< k<64,
0< | < numTimeSlots * RATE (2)
SRJG , eI RO TR A B, S B 2% 01 o dd i
W A I Rt 45 4 F) 4 Wl T DA 58 LA 28 0 5 o B
K g8 AR M X RS Tl AR A O T IR AT s 3,
T 5 8 A DN 244 o 1 P R 2%, AR RS X 18 A
FERO FFIRTRAT s & RAG I 2% ARG X 1Y 5 A o
qmfWriteOffset FF U5 PAT , FLAT 31 1 42 1) B4 A0 >4 Hif
AT s A0 DA B D 4 1) 2 BB T, TEIX AR




F oM

SREE - e A9 AL B & i TE Y A

A 262 H5

HR P MR R R S A A BRI L SR A R
I, T U A 2 B0 Bl i AL R R 2 g i, O
FTA—A> SBR Wik 2 LA =

AL Y, SBR 7 i AR5 2 8 - ARB 5 5 F
WY 5 R8G5 1 I8 22 BE R, AU AT B
SRR M LS 5, RO 2 BUR ik
GRS E i T A LR R e B A
RS- IGIEA T 5 ], 2 B A ST E 5K
VAR 55 B AR (5 14 18 Bl 1E 5% 0 25 S R A
SR FER T, LB b A i A DX AR A -y k3 2
ST TR R TC R KIS i T Bk R R
3.3 BUtAR

BEXF L3 [a] @, AR SC45 A BBSM & il T i
By BT —Fh T EAAC + WG SEY R
2, S R

(1) ¥ H8 BBSM S x5 5 1 748

H o A1) D 06 B AT 5 J3 BRUARRBL R vEg A
43 X FARAIER 4, A5 SR 45 HE SBR B 075 X T i
IS 43, ¥ HE BBSM 803 W A A i RO 743 8
DX AT~ TR R A7, /0 e AR (R A

(2) B I L R IE 7% 53 1

SBR AR S HE 2 , s 4 Al i
WY BER B AT IR I AR R A IR K A M
S R A R ASUR F M S RO AT (H Bl
SARHLR BB R m . bR b, = hifE S
TR TR LIS, B S B 2 M IE (5 S (& IE
R ) R A IO RN GRS AN N
P, Sk T ARG I i 52 2%, R SO Gl 3 vk
HO AT IE LB, BARMBOE R SR IR AG S
AT RE R A KN, SR 5 FR B = 01 Hh e R R K
AL, IF HitEx A 5 A4 e Fiae s ny-r
BIfE, A

sum (localEnergies (j + i) )
average = =) o C RANGE — 1) (3)
X, i = - RANGE, — (RANGE -1) -+, =3, -2,

+2, +3,, CRANGE = 1) , RANGE , 2 FT BL T4 1y
T, j R P R R R R DL

MR (3) FIWTIE 250 ST KBk, B4 K
TR IR 5% B (EBERE R 15, SR FIWT 745 j O RE (e
RERT j A H e F fe a1 E T L IE % 5
(B, AR KT AEAE IR 5% 50 o s B WDRANAAAE . 4R 3
E5Z5r j IALE R TS 90 5% Tk, IRk j Bt

VL& T S WO R AR s TR, Tl 280 R
R I IE X R RE RLEE /N T 0.25, AT i st %
PR , A B IR L i s A

(3) 52 5 Pl I 75 L

R T 5 TR AR A S A AR 5ok
SRR A Ok A, BOE SR
high _sin_ num > low _sin_ num + TTN _ Ratio | |

high _sin_ num =0 (4)

o, high _ sin_ num 1 low _ sin_ num BT LE S
AU AT RIS v 4% 3 /9 1 5% 70 i U s TTN -
Ratio J2 | Wi WA AH A BHF 22 1] 357 18] M P 1L 2 1 —
BB WRAE S R B B B E S
TR PR S b RO S T R 4 i
Fe LA I LG T R 5 A D) R AR {5 5 5 i 1)
PR BT

(HRERITH

T R U B — 1l SR A RE & EL AT
R IS AR R R SRR o 4% B AT 5

k
\/ %%y_ high _ no _sin ()2
band _ energy = length (y _high _no _sin) (5)

k
>y _low_no_sin (i)?
band _ energy _ ratio = 7"

%}Oy, high _ no _sin (i) ?

ISR R G AN 2R EN(S) R B
1, ORI s (4 2 RE SR 7 AR
i A S G) RIS BN IR A2
IR R A 5 S ) 21 e Bt st s i, AKX (6)
MM 5 3 (5) HIFARTES TN

TE A A gt i, 45 B = AT g SR Y IR 5% 50
EALE KN AR I BOE D R TR R S
Tt T A R ST (MR , PG £ 28 A 2
A ORI , & A AT B A5 5 i, KA 58
BEIIEE B E WS

(6)

4 TEBEITEM

R T B AEHE A BCHE RS EAAC + A TR T R A
e R SGH i — R ) 3 & U 3K ke 4 PEAN Rk
B dmt i i . FE R BT S SE5 P ¥EEL T MPEG #
BBRE 12 A FRUES SN, A5 T AN R 2R AL |
HAREENIE AR E S E S IS E Y.
4.1 EWNK

R T R B A TR RE , AR LS AMR

. 67 .



www . teleonline . cn

RLIREAR

2010 4F

— WB + Il SE 9 AL T TS5 A, TR
TESCI Y —F0rE, Y64 1TU - T P. 8627 i b it i
B A 2 VLA PE I T H——PESQ X i # 1) 574
PEREZEAT T LA (PESQ {H 0 2 UL 45 2 /Y MOS
4%)o M PESQ EZH FIFME 155, B ik
VEHL P4 MPEG FRifEFN AMR — WB + bRifEHfE 7
FIBRAEIE T TR B S S . T PESQ B R
X 16 kHzih # 15 5 #E AT 2 W PE 2, IR ia ik fE
SHRAE R N 48 kHzo WEFRTFHE , AT HAEL
AT Audition 3.0 K5 5 BUSRAE 48 TR
FERI16 kHzf5FEH PESQ FAF#E 4T PEIN o AR 415 0 2
SRR, SCTP BT SEYT R B PESQ (H S
AMR - WB + bR i se 9 R S 1 1Y PESQ {H I {61,
LB PR IE A A Y
4.2 EWEK

HRA P AVS 22U 2 550/ I8 A B2 s 7 32 T
TR BTE S AUk 3 7R R R Ref/A/
B ZH 8, Ho Ref & J5U06 R i i 1 15 =, A/B 42 G
R 5 1055 o TEMNR T, an R A A SO 5L 3R
MRS LS AL, IS4 B e 275 il i 25 1) A A5 45
RZ IR TEMRH Xt L2 2% ifid 4% AMR -
WB + i .

W 2 fes A 12 AN 51 R - 2 R
BOARSCIR M A SR R 5 AMR - WB
+i e R IEIE W M RE LA A X, ORI A5 R
UL PESQ PN 25 R IEAFH —FL

—e—1

3
2
1
SIS S D S O IR S S

r I 1
es01 es02 es03 sc01 sc02 SJ03 sip1 si02 s!Ls SNIN snl'UZ Sl&ﬂ:’ average

-1

2

N AR5

P2 FUr i itss
Fig.2 Subjective listening test results

5 H#RIE

ASCE X EAAC + gt AR ME )47 S 9 e 51k 1
Ry, R A I 2 SR T, iR B T 5 AMR

.68.

- WB + Zifhbp fEFEA A S 15 B X FHF5E
H B —LERFIR TG O , 140 - A 28 J5UR 155 Hh B R
J3 R AR 3 BAT WA, T JoX 26 W 1 £ 5 FE
A R 2 %, IR, ey SRS B 0 F 8 R 5 5
SR ST AR SRR T 1]

S 30k

[1]  Julien Epps. Wideband Fxtension of Narrowband Speech for
Enhancement and Coding[ D]. New South Wales, Australia:
The University of New South Wales, 2000.

[2] 3GPP Specification Series TS26.290, Audio codec processing
functions, Extended Adaptive Multi — Rate Wideband AMR —
WB + codec, Transcoding functions[ S] .

[3] Martin Diets, Lars Liljeryd, Kristofer Kjérling, et al. Spectral
Band Replication, a novel approach in audio coding[ C]//
Proceedings of the 112th AES Convention. Munich, Germany :
AES,2002:1 - 8.

[4]  Arttu Laaksonen. Bandwidth extension in high — quality audio
coding[D] . Helsinki: Helsinki University of Technology ,2005.

[5] SeoJ, Jang D,Kang K. A Simple Method for Reproducing
High Frequency Components at Low — Bit Rate Audio Coding
[cl// Proceedings of the 113th AES Convention. LOS Ange-
les,2002:1 - 8.

[6] 3GPP TS 26.404, Enhanced aacPlus general audio codec;
Enhanced aacPlus encoder SBR part[S] .

[7] ITU-T P. 862, Perceptual evaluation of speech quality
(PESQ): An objective method for end — to — end speech
quality assessment of narrow — band telephone networks and
speech codecs[ S].

(8] alEEHT, 42 W48 . AVS ¥ AN B 3 0L J i 225 ML
[M].[S.1.]: AVS F 4l TAE4,2005.

YAN Jian-xin, JIN Shang-yu. AVS Audio Inner Subjective
Listening Test Reference Criterion[ M. [S.1.]: AVS Audio
Workgroup,2005. (in Chinese)

fEE &I
W BE(1968 - ), B, LA BB A T, 1999 AR
A, BT ) A AL PRI 2 1
ZHANG Cong was born in Shanghai, in 1968. He received the
M.S. degree in 1999.He is now a professor and also the instructor
of graduate students. His research interests include multimedia in-
formation processing and network communication.

Email: hb_ wh_ z2c@126. com





