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Abstract: By the advent of information age, the developments of personal communication systems such as
cellular phone and hand-free telephone system have become indispensable. The research of the
conventional hand-free telephone aims to enhance speech quality. During operation, the far-end voice
passes through the communication channel to the near-end, and it is then directed to the microphone as
input. This leads to the so-called acoustic echo problem where the far-end voice is delayed when passing
subsequently through the communication channel, speaker, and microphone, and then adversely feedback
to the far-end origin. The acoustic echo problem exists not only in the hand-free phone but also in the
teleconference and satellite communication system. Echo cancellation is required wherever a microphone
picks up the signal radiated by the speaker and its room reflections. In order to improve the speech quality,
a simple and effective configuration for acoustic echo cancellation is necessary.

A lot of algorithms have been presented by the researchers, such as the LMS, NLMS, RLS, FDAF
algorithm, which have a good performance in the single-talk condition. But when the far-end and
near-end signals are both presented, which is called double-talk condition, conventional algorithms can
not work totally. In this dissertation, we focus to challenge the double-talk problem in the echo canceling.
To solve the double-talk problem, usually the double-talk detecting has been implemented that stops the
echo canceller from adapting its coefficients when double-talk accurs. However, in many cases, the DTD
fails to detect double-talk so the achieved echo suppression is not sufficient and speech distortion and
echo become apparent. And also stopping the tap adaptation is just a passive action to handle the
double-talk condition and it causes lowering speed of adaptations and/or totally mislead when the echo
path changed in the period of halting tap adaptation. In this thesis, to challenge double-talk condition, a
class of echo canceling algorithm based on comelation function are presented, such as: Correlation
function LMS (CLMS) algorithm, Extended CLMS (ECLMS) algorithm, Frequency domain ECLMS
(FECLMS) algorithm, Wavelet domain ECLMS algorithm (WECLMS) algorithm, and echo canceller
based on Smart Acoustic Room (SAR) system & correlation function. These correlation function based
algorithms can continue the adaptations even the double-talk is presented. The simulation results show




that the echo canceller based on the SAR system & correlation function is the best algorithm, which has a
satisfied convergence rate and speed compared with other correlation based algorithms and conventional
LMS algorithm.

This dissertation is composed of seven chapters. The explanation of each chapter is described briefly as
follows:

In chapter 1, first the background of research and the type of echo and echo canceling are described. Then
purpose of the present dissertation is explained.

In chapter 2, the fundamental concepts of my research are introduced. First, the adaptive filter and Wiener
filter are explained. Then the conventional algorithm such as LMS, NLMS, and FDAF algorithms are
described briefly.

In chapter 3, the Correlation LMS (CLMS) and Extended CLMS algorithm are introduced. First, the
double-talk condition is defined. Then, the correlation function is explained. Finally, the Correlation LMS
(CLMS) and the Extended CLMS algorithm are introduced. The simulation results examined the
robustness of the algorithms.

In chapter 4, the Frequency domain ECLMS algorithm (FECLMS) is proposed to reduce the
computational complexity of the ECLMS algorithm. The simulation results shows that the FECLMS
algorithm has almost same performance of the ECLMS algorithm, however, the computational
complexity is reduced.

In chapter 5, in order to improve the comvergence speed, the Wavelet domain ECLMS algorithm
(WECLMS) is proposed. In this chapter, first we compare the Fast Fourier transform with the Wavelet
transform, to explain why we implement the ECLMS algorithm into the Wavelet domain. Then, the
WECLMS algorithm is defined. The simulation results show that the convergence speed is improved
compared with other correlation function based algorithms.

In chapter 6, first the Smart Acoustic Room (SAR) system is presented for partitioning rcom acoustically.
That is, in different places of the room, one can hear to the desired signal. This is realized by robust
estimation algorithm for well control of room acoustic impulse response. ;I'herefore, unwanted music or
speech signal is canceled, while, at the same place, the desired signal (the desired music or speech) could
be heard Then we apply the SAR system base on correlation function algorithm into the echo
cancellation. This is a new type of echo canceling, which cancels the signals at the microphone position
locally. That is, the microphone does not receive any echo signal. It is different with the conventional
echo cancellation, which cancels the echo signal in the telephone system electronically. The simulation
results and experiment results show that the Smart Acoustic Room (SAR) system have a good
performance and apply it to the echo canceling very success.

In chapter 7, the concluding remarks are described.

Name: Rui_Chen



B 52)
2006461 A2 7R

RS
BTHHGAR B

BTEHER | |
I KL TivVT7 EATY R OLPE ‘-_a'
BE R4 TR £k g§§@
B KA B A
A WT e ( 3
® )

F (D) ROGEERUBHERBROK TRES
0L (1) ORFHCRL, FEAOFEERVBHRRBRERT LILOT, TROLBIBELET,

2

B O | T ReMmET¥ KA A FEES 038656B

# 8 # A Toel7 THATYR LY |
OB WO |vmax CRE>  Fek |Berm 0 BB Tk

A Research on Acoustic Double-Talk Echo Canceling by Transformed Domain
# X B B | Correlation Algorithms and Smart Acoustic Room (SAR) System

(FH AL AT VTY XhE SAR VAT ML HEFENe S TN b —2
Ta—%y ) v T BRI

BYES (2000 L)
AR, TERREALABETATY XARUSAR VAF ARV, ¥T7Vh—Sxa—%yi k)Y

B ATIERRAVRENTWB, RSO BN 7T LT Y XAici3&, N K7 Y —EERPTV
LU AT ACHTEF TN b— S BEEERARRT 37200, BT ATY) XaeRDBZLihD,

N R ) —RERPT VARV AT AT, AC—A—pbHASNETNE, <A 73RV a—%4£L3

TeBhHB, OTI—FHICLY, BEEFEORBKE BT BEENDHD, Ta—HATRYBRL I,
BE7 A NZ I L VB a— 2T 2 HEARIHENTRY, LMS, NLMS,RLS,FDAF 2¥ 07 L3y X
BIEE SRR SN TS, THEDTATY KA, Lol b WECHIIEO Lok o Y
FREHETE 50, HELE LCHIDEBIGHEF 58 (F74 h—s RiB) CH, MR =%yt
VY EEHT D LIRS 2B, ESEREIIS TN b~ BRI L 0 TN b RiBRBEL, FTb

—7{E5M 8IS kﬁm7#/vﬁ DRGSR kD DZFENAVLR TV, UL, ZOREISENR Ik

LIEZRR, B, YN NI RIBETa—8K (L VRRE) BB ELEEAIE, =a—Fy ik

Y VR RAIERTERY, FRXTIL, 7N b BOBREH BT b LB 27T Y X




AFRR U, BETNTY XLOWET, 1ERTATY ARSI N b— I BHIBIR 7 4 V5 OFREEF 1L

BHEDIZX LT, FTNb—IBEIBNTD, BRT ANY OFEFEGET S Z LR TEBLAILH D, FRX
T3, M LMS (cms) LAEHEEI LMS (ECLMS) 7AFY XLEBATHLEID, YIalb—ay
"wRLY ko7 U‘XAOﬁﬁl.ﬁkﬁﬁE‘ﬁi’ﬁ%f Liz, CLMS 7A=Y XA, AJHEROTDIIZ, A

HEEOHBHEERFIATAILICLY, FTA =7 RBICBOTY, EELNFERBHENTES,

u»t,f:r)ia, SRR RECELNTWA LHELR, -oT, CLMS 7ATY Abh%kWELE, ik

R LMS 7Y XA (ECLMS) ZH#RL7I-, ECLMS 7Y X AT, BBYHEEDE CARBBER b2
BITFIERATA - Lic kY, MEERO T TORSEHET 22 ERTERL ok, #-T, v Ial—¥

2 VEERTH, CLMS 7Y XA X ) BEENSKIBICHEECE B35, 4 L’ UL AREREA A&\ MEAITIE, ECLMS

TATY XA(Dé“ﬁﬁﬁﬁFﬁ’ lek& <725, ECLMS 7/ Y AADHEREBGI7-DIZ, BBEE AV

ECLMS 7/ X (FECLMS) #BRLT, A 7 IVARREEMN 512 0L 1213, FECLMS 7Y XAkk

ECLMS 7Y XAD 15%DHERTEHET 24, TOROBEENI+HTHB LI 2R, #-T, FECLMS

Ty ZAZBE LT =2—TVy b RAL YV ECIMS (WECLMS) 7Y XARBRL, Y Ial—Y

alERLY, WECLMS 7A=Y XA FECLMS 71 XA L D a4 328, SHRtoERLR 45T

HBLITEZR BCLMS 7ATY XAD 52%HAEE LE), $RA2TNATY XhiRdDBIHIT, FHRIC

T, EIZH LV AT A (Smart Acoustic Room) R L7, SAR VAT AT, HEBOA /7 IVARRE R
#HL, BBROZEAIIBIIAEES2FEMCHHETIHOTHY, VIal—Ta BRI, BRBVATLOH

MEERLIZ, BIZ, SAR VAT ARY TN b—=rxa—Fy ) U IRREICSRA L, B FAAL ABETL

FY b SAR VAT AR LDZFTEORY TN b—ma—F v LT ERB LI, ZOTATY XAI:I:,-%BE

DA SN REREEL, <A 7 o R RESHH TR E"—-Jb—?)‘f'o!ﬂéﬂ’bft’%ﬁ"ﬂ%%?‘éa ) Nl 2 l:i 9,

<A 7 BT ST AR LRELA, Yial—y s VERED, RETALY XA, LT ¢

—7 WRABIZ 3y \'c%;, ERCHDTHBZ L RALM Lo, B, ZOTATY XA, BEBKEAA T

FITLTO D00, HERMDRWTATY XLTHY, £, N FU=7 LOREEIFRICTESbOL
f#EEh 2,

AR, FFEEICBWTEBERY TNV F—rxa—Fv ) U IRERRRR LI b OTHY, Y

REBRIFRCKEVOOLVAD, FFENRBRORER, LROEEIEMMNSTRUBEESFOHy ikt
AT &AL,

PEDT L LY, SHRTEER—AR, EEFRE (T2 OBMHSET3IssbLbOs L, &
PRGN R USFREBE TN EFNARLED B,




