
20

-

-

- ,

: , -

  xDSL. 

,  90-

, -

-

- . -

- , -

.

 621.395 

- :

 (  2) 

. ., . .

,

 (1966 – 1991 .)

-

,

- .

 80-  –  90- ,

-  ( ),

-

(acoustic echo) [1 – 4]. ,

, -

-

. -

, : , -

 (teleconference systems)

 « » (hands-free 

phones).

- , -

, -

, .

,

,

, -

 ( . 1). 

. 1. -

.

, -

 – . , -

 (3 10
2

/  3 10
8

/ ), -

 (150 – 300) , -

. -

, , ,

-

. , ,

-

.

, -

-  « » -

,

- -

( ) .

.

-

,

:

 (subband adaptive filtering) -

 (multirate signal processing).

, -

, -

 – ,

 [5]. -

-

,

,  – -

.

, -

/ ,



4/2006

21

. -

 [6, 7] 

 [8 – 10].  

,

-

 [11]: -

 ( -

)  ( ) , -

,

,

 ( ) , ,

 (reconstruction) -

. ,

. 2. 

, -

/ ,

, -

-

.

.

, -

 [12],  1992, 

, -

.

, -

- , -

.

,  1. ,

 – 

. -

-

 – .

:

 ( -

/ )

 ( / -

). 

 [6 – 10]. 

 1992 , . . -

 [13] -

-

- .

- -

-

.

-

-

 ( M L )

 (aliasing),

.

 1 

(FILTER BANKS)

(UNIFORM)

(p
er

fe
ct

 r
ec

o
n

st
ru

ct
io

n
)

(n
ea

r-
p

er
fe

ct
 r

ec
o

n
st

ru
ct

io
n

)

(critica
l, m

a
xim

a
l su

b
sa

m
p

lin
g

)

(n
o

n
-critica

l su
b

sa
m

p
lin

g
,  

o
versa

m
p

lin
g

)

    

(R
E

A
L
)

(NON-UNIFORM)

(C
O

M
P

L
E

X
)

. 2. 



22

. 3. .

) – ; ) – -

( . 3 ) , -

-

-

-

-  (cross-filters),

 ( . 3 ). -

-

, -

-

-

. -

,

, -

-

. ,

, -

.

, -

-

-

-

.

 1999 , . .

, . .

, -

- .    [14]  -

, -

.

-

.

-

.  1997 

. .  [15] -

-

.

 ( . 4) -

, -

 (2-3-2) 

.

.

 ( ), -

 ( - ) -

 ( ). ,

,

,

-

-

. ,

-

-

, , -

 (

 7 ) .



4/2006

23

. 4. .

) – ; ) – 

-

-

- -

 [16 – 18].

-

 [19], 

( )
1
, -

 [19] - .

- ,

, -

, -

[20].

, -

-

. , , -

, -

1

APA – affine projection algorithm.  

.

-

-

-

-

, -

 ( ) - -

.

-

.

, -

-

- -

, -

. :

1. , -

. -

,

- .



24

2. ,

-

, -

.

3. , -

,

,

.

, ,

. ,

-

, -

.

-

-

-

-

. -

-

 [21].  

-

 [7 – 10]. 

-

. .  1995 -

-

 [22].  ( . 5) -

-

-

 (de-

layless). -

,

 ( -

),

,

.

-

 [6, 10]. 

-

:

 (closed loop)  (opened 

loop) . ,

-

,

, ,

. , -

,

, , -

-

.

, . . , -

 [23 – 25], 

-

,

.

-

 1976  1991 . -

,

.

. 5. 



4/2006

25

 90- -

-

  xDSL
2

,

- . -

,

, ,

 [26]. 

 xDSL 

-

 ( )
3
, -

-

 [27]. -

, -

- , ,

.

 1994  [28] 

, . -

-

- ,

2
 xDSL – 

 (digital subscriber line). :

 (ADSL, ADSL Lite, RADSL, VDSL) -

 (HDSL, HDSL2, IDSL, MSDSL, SDSL, wDSL). 
3

 DMT – 

discrete multitone modulation.

, , ,

.

 1996 . . . -

,

[29].  ( . 6) -

, , -

. -

-

.

 2003  [30], -

 ADSL, ,

-

- . -

-

- .

,

-  xDSL [31], 

 HDSL  SHDSL. 

. 7 -

. , , -

: -

 (head echo)  (tail

echo), -

.

- ,

 ( ),

 ( . 6 ). 

,

. 6. ,

. 7. . ) – ; ) – 



26

, , ,

.

-

- - , -

, .  [32]. 

-

, : -

, - ,

- -
4

 ( .

8). . 9 -

, .

. -

, -

, -

. -

, -

. , ,

, ,

- ,

. -

, , -

,

, -

,

4

WP – wavelet packet. 

-

- .

- -

,

,

- .

 — ,

-

 ( ),

. ,

- .

-

 ( ).  ( . 10) 

 (

b),

 (

). N-

:
N

l

l

M

k

k lnyaknxbny
10

)()()( ,

,

-

. 8. , .

. 9. , , .



4/2006

27

 (

). , ,

, -

. -

 [6]. 

-

- , -

, -

b. ,

, .

,

-

. ,

,

-

-

 ( . . ).

, -

- -

-

 ( ),

 ( -

), -

.

 — -

, -

-

-  80-

[33 – 35]. ,

-

 — -

. -

,  [36] -

. ,

- -

.  [37] 

-

- .

-

- -

, -

- . ,

- , -

. -

- -

-

.

, , ,

-

, -

-

,

-  [38 – 40].  

,

-  40-

, -

, , -

. -

- ,

-

.

,

- ,

-

- .

 1. H. Yasukawa, S. Shimada, I. Furukawa. Acoustic echo canceller with 

high speech quality // Proc. Int. Conf. Acoust., Speech, Signal Proc-

ess., Dallas, TX, Apr. 1987, vol. 4, pp. 2125 –2128. 

 2. A. Gilloire. Experiments with sub-band acoustic echo cancellers for 

teleconferencing // Proc. Int. Conf. Acoust., Speech, Signal Process.,

Dallas, TX, Apr. 1987, vol. 4, pp. 2141 – 2144. 

. 10.  ( -

)



28

 3. J. Chen, H. Bes, J. Vandewalle, P. Janssens. A new structure for 

subband acoustic echo canceler // Proc. IEEE ICASSP, 1988, pp. 

2574 – 2577. 

 4. W. Kellermann. Analysis and design of multirate systems for 

cancellation of acoustical echoes // Proc. IEEE ICASSP, 1988, pp. 

2570 – 2573. 

 5. N. S. Jayant, P. Noll, Digital Coding of Waveforms: Principles and 

Applications to Speech and Video. Englewood Cliffs. NJ: Prentice-

Hall, 1984. 

 6. . . . .:

, 1993. 240 .

 7. P. P. Vaidyanathan. Multirate Systems and Filter Banks. Englewood 

Cliffs, NJ: Prentice-Hall, 1993. 

 8. . .  // 

, 1, 2003, . 2 – 10. 

 9. . ., . .

 // 

, 3, 2004, . 18 – 28. 

 10. . ., . .

: . , . 1, -

, , 2005. 124 .

 11. R. Bitmead, B. D. O. Anderson. Adaptive frequency sampling filters 

// IEEE Trans. Acoustic Speech Signal Proc., vol. 29, pp. 684 – 693, 

June 1981. 

 12. J. Shynk. Frequency Domain and Multirate Adaptive Filtering // 

IEEE Signal Processing Magazine, pp. 15 – 37, January 1992. 

 13. A. Gilloire, M. Vetterli. Adaptive filtering in subbands with critical 

sampling: Analysis, experiments and application to acoustic echo 

cancellation // IEEE Trans. Signal Processing, vol. 40, pp. 1862 – 

1875, Aug. 1992. 

 14. S. S. Pradhan, V. U. Reddy. A new approach to subband adaptive filtering

// IEEE Trans. Signal Processing, vol. 47, pp. 655 – 664, Mar.1999.

 15. M Harteneck, R W Stewart, J M Páez-Borrallo. A Filterbank Design 

for Oversampled Filter Banks without Aliasing in the Subbands // 

UK Symposium on Applications of Time-Frequency and Time-Scale 

Methods (TFTS), Warwick, England, 27-29 August, pp. 161 – 164, 

1997.

 16. S. Weiss, L. Lampe, R. W. Stewart. Efficient Implementations of 

Complex and Real Valued Filter Banks for Comparative Subband 

Processing with an Application to Adaptive Filtering // Proc. Intern. 

Symp. Communication Systems and Digital Signal Processing, pp. 

32 – 35, Sheffield, UK, April 1998. 

 17. S. Weiss, R. W. Stewart On the Optimality of Subband Adaptive 

Filters // Proc. IEEE Workshop on Applications of Signal Processing 

to Audio and Acoustics, New Paltz, New York, Oct. 17 – 20, 1999. 

 18. D. Marelli, M. Fu. Optimized filterbank design for subband 

identification with oversampling // Proc. IEEE Int. Conf. Acoustics, 

Speech, Signal Process., 2001 

 19. S. L. Gay. Fast Projection Algorithms with Application to Voice 

Excited Echo Cancellers, doctoral dissertation, Rutgers Univ., 

Piscataway, N.J., Oct. 1994. 

 20. M. Montazeri, P. Duhamel. A set of algorithms linking NLMS and 

block LMS algorithms // IEEE Tran. Signal Processing, vol. 43, no. 

2, Feb. 1995. 

 21. M. Harteneck, S. Weiss, R. W. Stewart. Design of Near Perfect 

Reconstruction Oversampled Filter Banks for Subband Adaptive 

Filters // IEEE Trans. on Circuits and Systems II: Analog and Digital 

Signal Processing, Volume 46, No. 8, August 1999. pp. 1081 – 1086.  

 22. D. Morgan, J. C. Thi. A delayless subband adaptive filter 

architecture // IEEE Trans. Signal Processing, vol. 43, pp. 1819 – 

1830, Aug.1995. 

 23. R. Merched, P. S. R. Diniz, M. R. Petraglia. A delayless alias-free 

subband adaptive filter structure // IEEE international symposium on 

Circuits and systems, 1997, pp. 2329 – 2332. 

 24. N. Hirayama, H. Sakai, S. Miyagi. Delayless subband adaptive 

filtering using the Hadamard transform // IEEE Trans. Signal 

Processing,vol. 47, pp. 1731 – 1734, June 1999. 

 25. S. Miyagi, H. Sakai. Convergence Analysis of Alias-Free Subband 

Adaptive Filters Based on a Frequency Domain Technique // IEEE 

Transaction on Signal Processing, vol. 52, no. 1, January 2004, pp. 

79 – 89. 

 26. .  ADSL  DSL. .: , 2000. 295 .

 27. J.A.C. Bingham. Multicarrier Modulation for Data Transmission: An 

idea whose time has come // IEEE Comm.Mag., pp. 5 – 14, May 

1990.

 28. J. M. Cioffi, J. A. C. Bingham. A data-driven multitone echo 

canceller // IEEE Trans. Commun., vol. 42, pp. 2853 – 2869, Oct. 

1994.

 29. M. Ho, J. M. Cioffi, J. A. C. Bingham. Discrete multitone echo 

cancellation // IEEE Trans. Commun., vol. 44, pp. 817 – 825, July 

1996.

 30. M. Milosevic, T. Inoue, P. Molnar, B. L. Evans. Fast Unbiased Echo 

Canceller Update During ADSL Transmission // IEEE Trans. 

Commun., vol. 51, no. 4, April 2003, pp. 561 – 565. 

 31. Shou-Sheu Lin, Wen-Rong Wu. A Low-Complexity Adaptive Echo 

Canceller for xDSL Applications // IEEE Transaction on Signal 

Processing, vol. 52, no. 5, May 2004, pp. 1461 – 1465. 

 32. J. Liu. Efficient and robust cancellation of echoes with long echo 

path delay // IEEE Trans. Communications, vol. COM-52, pp. 1288 

– 1291, August 2004. 

 33. H. Fan, W. . Jenkins. An Investigation of an Adaptive IIR 

EchoCanceler: Advantages and Problems // IEEE Trans. On ASSP, 

vol. 36, no. 12, pp. 1819 – 1834, 1988. 

 34. J. J. Shynk. Adaptive IIR Filtering // IEEE ASSP Mag., vol. 6, no. 2, 

pp.4 – 21, 1989. 

 35. K. Kurosawa et al., Consideration on IIR Type Learning 

Identification Method // Trans. IECE, vol. J-68-b, no. 11, pp. 1229 – 

1232, 1985. 

 36. J. Chao, S. Kawabe, S. Tsujii. A New IIR Adaptive Echo Canceler: 

GIVE // IEEE Journal Selected Areas in Comm., vol. 12, pp. 1530 – 

1539, December 1994. 

 37. A. P. Liavas and P. A. Regalia. Acoustic Echo Cancellation: Do IIR 

Models Offer Better Modeling Capabilities than Their FIR 

Counterparts? // IEEE Transaction on Signal Processing, vol. 46, 

no. 9, September 1998. 

 38. . ., . . -

-

 //  I -

 « -

». 1998. . 4, . 49 – 57. 

 39. . ., . . -

 // , 2003. 9.

. 38 – 39. 

 40. . . -

-

 //  VIII 

 « ». 

2006. .1, . 240 – 243. 


