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SNR

ABSTRACT

An echo canceller, which consists of a linear echo can-

celler and a non- linear echo suppressor, has been pro-

posed. In this method, it is a very important point how

to control a regression coefficient, which is used to esti-

mate the residual non-linear echo from the linear echo

replica. In this paper, we propose an improved method

and a new method for this purpose. In the improved

method, the regression coefficient is not update during

a double talk interval. Also, a parameter used in cal-

culating the regression coefficient is optimized. In the

new method, the regression coefficient is updated based

on the average of the ratio of the residual echo and the

echo replica over a number of frames. The regression co-

efficient is not also updated in the double talk interval.

Echo suppression and segmental SNR are well improved

compared to the conventional method.
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d(n) = s(n) + q(n) (1)

q(n)
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D(m, i) = S(m, i) + Q(m, i) (2)

m i

D(m, i) S(m, i) Q(m, i) d(n) s(n) q(n)

|Q(m, i)|

|Y (m, i)| âi |Q̂(m, i)|

|Q(m, i)| ≃ |Q̂(m, i)| , âi|Y (m, i)| (3)
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[1]

|Z(m, i)| Ĝ(m, i)

|D(m, i)|

|Z(m, i)| = Ĝ(m, i)|D(m, i)| (4)

Ĝ(m, i)

|S(m, i)| S(m, i) Q(m, i)

(2)

E[|S(m, i)|]2

E[|S(m, i)|]2 ≃ E[|D(m, i)|]2 − E[|Q(m, i)|]2 (5)
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|Z(m, i)|

Z(m, i)

Z(m, i) = |Z(m, i)|exp(j∠D(m, i)) (7)
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2.2.1 1

1 2

â =
E[|Q(m, i)|]

E[|Y (m, i)|]

=
E[|D(m, i)|single−talk ]

E[|Y (m, i)|]
(8)
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2: 1kHz |D(m, i)|

|Y (m, i)|

2.2.2 2

2 E[|D(m, i)|] E[|Y (m, i)|]

b̃(m, i) =
E[|D(m, i)|]

E[|Y (m, i)|]
(9)

b(m, i) =































βb1b̃(m, i) + (1 − βb1)b(m − 1, i)

if b̃(m, i) > b(m − 1, i)

βb2b̃(m, i) + (1 − βb2)b(m − 1, i)

if b̃(m, i) ≤ b(m − 1, i)

(10)

b̃(m, i) b(m, i)

b(m, i) v

â(m, i)

â(m, i) = v · b(m, i) (11)
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3.2.2

SNR SNR

SNR

SNRseg

SNRseg =
10

L

L−1
∑

l=0

log10

∑Nl+N−1

n=Nl
s2(n)

∑Nl+N−1

n=Nl
(z(n) − s(n))2

(13)

N

3.3 1 1

1

( 1) 2

3 ES(10%)

10%

SNRseg

( 1 3)

2: 1 [dB]

EC EC EC EC EC EC

+ES(5%) +ES(10%) +ES(20%) +ES(30%) +ES(40%) +ES(50%)

1 -32.15 -32.57 -33.06 -33.61 -34.15 -34.51

2 -20.61 -21.35 -21.74 -22.01 -22.17 -22.29

3 -17.55 -18.49 -18.83 -19.10 -19.28 -19.39

4 -14.89 -15.56 -16.13 -16.38 -16.57 -16.73

5 -13.42 -14.01 -14.53 -14.90 -15.08 -15.23

6 -12.47 -13.00 -13.49 -13.84 -14.09 -14.24

7 -11.79 -12.29 -12.75 -13.09 -13.33 -13.54

3: 1 SNRseg[dB]

EC EC EC EC EC EC

+ES(5%) +ES(10%) +ES(20%) +ES(30%) +ES(40%) +ES(50%)

1 18.59 18.06 17.56 17.23 16.84 16.69

2 13.46 13.36 13.20 13.08 12.89 12.86

3 11.44 11.44 11.38 11.33 11.23 11.22

4 9.21 9.25 9.30 9.30 9.26 9.27

5 7.79 7.83 7.90 7.94 7.93 7.95

6 6.75 6.80 6.87 6.92 6.93 6.96

7 5.93 5.99 6.06 6.11 6.14 6.17

3.4 1 2

2 v

4

v = 3 SNRseg 5

v = 3 6

4 v

v SNRseg

5

4: 2 v

( : 5)

v [dB] SNRseg[dB]

1 -7.08 4.07

2 -7.89 5.73

3 -8.62 6.04

4 -9.32 6.01

5 -10.09 5.85

6 -10.90 5.61

7 -11.75 5.42

8 -12.54 5.25

9 -13.38 5.03

10 -14.03 4.78

5: 2 (v=3,6)

[dB] SNRseg[dB]

v=3 v=6 v=3 v=6

1 -36.81 -37.96 12.70 10.23

2 -15.33 -17.80 9.58 8.31

3 -12.60 -14.99 8.38 7.41

4 -10.01 -12.32 6.98 6.34

5 -8.62 -10.90 6.04 5.61

6 -7.71 -9.97 5.35 5.09

7 -7.07 -9.31 4.86 4.73

4 2 ( 1)

2

2

1
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4.1 2

1 v

2 1

1

4.2 2

v

6 2

v

SNRseg SNRseg v = 20

2 1(v = 10 v = 20)

7 SNRseg

2

SNRseg

v

6: 1 v

( : 5)

v SNRseg[dB] v SNRseg[dB] v SNRseg[dB]

1 2.86 11 7.92 21 8.00

2 5.78 12 7.93 22 7.97

3 7.12 13 7.94 23 7.93

4 7.35 14 7.95 24 7.90

5 7.53 15 7.95 25 7.87

6 7.70 16 7.96 26 7.84

7 7.77 17 7.97 27 7.82

8 7.82 18 7.99 28 7.80

9 7.85 19 8.01 29 7.77

10 7.88 20 8.02 30 7.75

7: 2 1

[dB] SNRseg[dB]

2 1 1 2 1 1

v=3 v=10 v=20 v=3 v=10 v=20

1 -36.81 -38.07 -38.10 12.70 19.08 17.53

2 -15.33 -23.82 -28.80 9.58 13.03 12.32

3 -12.60 -20.42 -26.28 8.38 11.11 10.71

4 -10.01 -17.87 -23.82 6.98 9.12 9.05

5 -8.62 -16.48 -22.59 6.04 7.87 8.02

6 -7.71 -15.53 -21.77 5.35 6.98 7.27

7 -7.07 -14.85 -21.15 4.86 6.28 6.66

1 SNRseg

v = 10

v = 20 v

5 ( 2)

5.1

2

v

α

1

b̃(m, i) =
E[|D(m, i)|]

E[|Y (m, i)|]
(14)

E[b̃(m, i)] = αE[b̃(m − 1, i)] + (1 − α)b̃(m, i) (15)

â(m, i) = vE[b̃(m, i)] (16)

5.2 3

2 α v

1 2

1 2

5.3 3

α v 8

9 8 v = 11 9 α = 0.93

2 α v

v = 11 α = 0.93

v = 5 α = 0.8

8: 2 v

( =0.9)( : 5)[dB]

v SNRseg v SNRseg

1 -8.22 5.42 11 -22.58 8.17

2 -10.11 7.39 12 -22.60 8.10

3 -11.82 7.70 13 -22.61 8.05

4 -13.94 7.82 14 -22.62 8.00

5 -16.61 7.87 15 -22.63 7.94

6 -18.21 7.92 16 -22.63 7.87

7 -20.70 7.94 17 -22.64 7.81

8 -22.53 7.95 18 -22.64 7.76

9 -22.55 8.01 19 -22.65 7.72

10 -22.57 8.09 20 -22.65 7.66
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9: 2 α

(v=10)( : 5)[dB]

α SNRseg α SNRseg

0.1 -22.53 8.11 0.91 -22.57 8.10

0.2 -22.53 8.11 0.92 -22.58 8.11

0.3 -22.54 8.09 0.93 -22.59 8.11

0.4 -22.54 8.06 0.94 -19.88 8.09

0.5 -22.54 8.03 0.95 -18.14 8.05

0.6 -22.54 8.02 0.96 -17.04 8.01

0.7 -22.54 8.02 0.97 -14.87 7.98

0.8 -22.55 8.01 0.98 -13.62 7.96

0.9 -22.57 8.09 0.99 -13.77 7.94

10 SNR

11 1

30%

1(v = 20)

SNR

2

10: [dB]

1 2 1 1 2

(30%) v=3 v=10 v=20 v=5, =8

1 -33.61 -36.81 -38.07 -38.10 -38.05

2 -22.01 -15.33 -23.82 -28.80 -28.70

3 -19.10 -12.60 -20.42 -26.28 -26.15

4 -16.38 -10.01 -17.87 -23.82 -23.49

5 -14.90 -8.62 -16.48 -22.59 -22.39

6 -13.84 -7.71 -15.53 -21.77 -21.60

7 -13.09 -7.07 -14.85 -21.15 -21.01

11: SNR [dB]

1 2 1 1 2

(30%) v=3 v=10 v=20 v=5, =8

1 17.23 12.70 19.08 17.53 19.91

2 13.08 9.58 13.03 12.32 13.43

3 11.33 8.38 11.11 10.71 11.42

4 9.30 6.98 9.12 9.05 9.35

5 7.94 6.04 7.87 8.02 8.06

6 6.92 5.35 6.98 7.27 7.12

7 6.11 4.86 6.28 6.66 6.39

6

1,2

2

1

2

1 â(m, i)

1 2

SNRseg

11 1

1 2
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