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ABSTRACT

This thesis presents the improvement performance of speech compression using wavelet
technique with wiener filter. According to the speech compression methods aim at reducing the
transmission bit rate while preserving the quality and intelligibility of speech as the original speech.
Speech compression research works have been done more than two decades. Those techniques are applied
to the telecommunication systems, such as telephone and mobile phone systems which use the 64 and 13.3
kb/s for compression rate respectively.

In the experiment, the input speech signals is firstly recorded in Thai language, which are the
word of numeric such as "zero", "one", "two", "three" "four", "five", "six", "seven" eight "," nine ". Those
signals are collected in a continuous speech signal from 5 males and 5 females for 10 times. There are
totally one hundred input speech signals. Those signals are next passed through the speech compression
process using three wavelet families such as Daubechies, Symlet and Coiflet. Each wavelet family
compressed the input speech signal into five levels. Finally, the Signal-to-Noise Ratio (SNR) and Peak
Signal-to-Noise Ratio (PSNR) are used to compare the efficiency of each wavelet technique and
compression rate. While the wiener filter is used to maintain the quality of the speech signal as similar as
the original speech.

The results show that the efficiency of the compression signal with the wiener filter provides
SNR 15.62, 11.15 and 9.34 in the first level to third level of wavelet compression technique. It also
provides PSNR 36.48, 36.48 and 36.63 in the first level to third level of wavelet compression technique.
Therefore the SNR and PSNR values, which used the wiener filter, provide the maximum values when are
compared to the without wiener filter technique. Therefore, the SNR and PSNR values of the technique,

which does not use wiener filters, provide the lower quality than using the wiener filters.

Keywords : Speech processing, Speech compression, Wavelet, Wiener Filter.
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Haar Wavelet Function
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msdudatoya 9013 1MsDUDA (kbit/s) Mean Opinion Score (MOS)
G.711 (ISDN) 64 4.3
iLBC 15.2 4.14
AMR 122 4.14
G.729 8 3.92
G723.1 163 6.3 3.9
GSM EFR 12.2 3.8
G.726 ADPCM 32 3.8
G.729a 8 3.7
G.723 153 53 3.62
G.728 16 3.61
GSM FR 12.2 3.5
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100
Speech
samples
: _.’-,"m'\';;‘ ~
db8 dbg dbl10 coif5 dmey
Lev3 Lev 5 Levs Levs LevS
DWT DWT DWT DWT DWT
coefficients coefficients coefficients coefficients coefficients
For 100 For 100 For 100 Far 100 For 100
samples samples samples samples samples

~ a g A = 9 .
HMNN 2.18 "Ifumlmm/\lmmlgma@ﬂclﬂfclmmsum Ranjan, S. [1]
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Yo £ A Y 1 o == a a o A
NITUIUNITIN G]f\?!ﬁﬂﬂiﬂfﬂ@llﬂ"l “One” 94 “Ten” °lummauﬂ ﬂﬂ!m’ﬂﬂuﬂ"ﬁ"ﬁ% 2.9

a sl o o & < o A
f19319N 2.9 lﬂ@ilcﬁuﬁﬂj'lllﬁ“iﬁ]ma%'ﬂﬂllaﬁﬂq 5 ¥UA

Db 8 Db 8 Db 10 Coif 5 Dmeyer
Hindi Word
Level 3 Level 5 Level 5 Level 5 Level 5
One (“ek”) 90 70 50 70 70
Two (“do”) 90 100 100 70 100
Three (“teen”) 100 80 90 90 60
Four (“char”) 50 100 80 100 90
Five (“panch”) 80 100 100 100 90
Six (“chhae™) 30 60 70 70 70
Seven (“saat”) 70 90 90 100 100
Eight (“aath”) 50 60 30 20 60
Nine (“nau” 80 90 90 90 50
Ten (“dus”) 90 100 90 50 100
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2.5.2 9143815049 “Selection of The Best Wavelet Base for Speech Signal” 1 A.91.2004
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WH1u11330U84 Yan Long Liu Gang Guo Jun[2] @nuunednumsaenaigan
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‘ﬁWﬂWﬁ"lﬂq\i Tunragszavveanianyila Haar

H [ A A 4 < Z a
msnﬁ 2.10 ﬂ"lﬂi%ﬁTI‘ﬁﬂTWﬁllﬁ}ﬁnﬂl’J‘V\ILﬁ@WN 6 YUA

Haar Db 2 Dmeyer Bior 2.4 Coif 3 Sym 4
MaxEr 1.1923 1.2219 1.2219 1.2364 1.2637 1.2264
Level 1
MeanEr 0.1600 0.1575 0.1570 0.1571 0.1571 0.1572
MaxEr 1.2560 1.2202 1.0926 1.2210 1.1872 1.1661
Level 2
MeanEr 0.1293 0.1236 0.1290 0.1248 0.1263 0.1247
MaxEr 1.3023 0.8869 0.7737 0.8914 0.8505 0.9707
Level 3
MeanEr 0.0822 0.0668 0.0629 0.0645 0.0589 0.0622
MaxEr 0.8745 0.5332 0.3094 0.3871 0.3649 0.4141
Level 4
MeanEr 0.0445 0.0304 0.0195 0.0245 0.0211 0.0231
MaxEr 0.3894 0.2358 0.1975 0.2285 0.1958 0.2054
Level 5
MeanEr | 0.0235 0.0126 0.0093 0.0110 0.0096 0.0100
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253 U4 “Speech and Image Compression Using Discrete Wavelet Transform” )
f1./1. 2005

Wuanuiteves Junejo, N. Ahmed, N. Unar, M.A. Rajput, A.Q.K. [8] M11N13¥1

@ [

Uszaniamiludadygrandesyauazdygiunin Taglda1 SNR, A1 PSNR, A1 Retained

=

1w [ aw 1 <}
Energy: RSE LLa$ﬂ1®ﬁi1ﬂ1‘iﬁU@ﬂﬁﬂJﬂlﬂm (Compression Ratio) G]i\iiﬂﬂWﬁ\ﬂH’)%ElW‘U’Nl’J“V\llﬂ@]
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2.5.4 U509 “Speech Compression using Discrete Wavelet Transform” 1 A1.¢1. 2003
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Lﬂuﬂu’)ﬁ]&lﬂl’ﬂ\iA. Mawla Hagae [9] FININFITNEINUMIHIU5EANTAINNSTY
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Taglgnniaauuludeiies Taeriinmsmalsz@nsnimain SNR: Signal-

to-Noise Ratio, PSNR: Peak Signal-to-Noise Ratio {6 NRMSE: Normalized Root Mean Square

o @ = a { ] aw ' <} a
Error Iﬂﬂﬂ1ﬂ1iﬂﬂﬁﬂﬂﬂﬂlﬁﬂﬁﬂu@ﬂlu1@ 8 1A ﬁﬂ’)']llﬁ 8 kHz %1ﬂWﬁﬂﬁ’Ji]EIW‘U’NL’J°V‘ILaG]°Huﬂ

1 i 9
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31N 2.11 Anlszansmmwns udadyaudeInn YoUFeIWAVOIUNAYIY [9]
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Signal-to-Noise Ratio : SNR

m:g::w lszandaw sediuil 1 széiuf 2 széiui 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 13.80 13.90 14.38 11.18 11.08 13.87 8.87 9.17 9.36
PSNR 37.13 37.14 37.14 37.24 37.24 37.25 37.36 37.37 37.37

Compression 4.02 4.02 4.02 7.66 7.66 7.66 14.25 14.25 14.25

Db4 SNR 12.45 12.09 12.68 8.17 8.09 8.12 11.43 11.18 12.14
PSNR 37.19 37.20 37.21 37.13 37.12 37.12 37.25 37.25 37.25

Compression 3.94 3.94 3.94 7.26 7.26 7.26 12.53 12.53 12.53

Db6 SNR 16.23 16.36 17.23 11.06 11.23 11.33 13.80 11.52 11.17
PSNR 37.14 37.14 37.15 37.26 37.25 37.26 37.28 37.28 37.28

Compression 3.87 3.87 3.87 6.90 6.90 6.90 11.49 11.49 11.49

Db8 SNR 17.05 15.99 16.04 9.61 9.99 9.66 10.85 10.57 11.56
PSNR 37.16 37.16 37.18 37.27 37.27 37.27 37.23 37.23 37.23

Compression 3.80 3.80 3.80 6.57 6.57 6.57 10.34 10.34 10.34

Db10 SNR 14.89 14.81 16.87 10.37 10.03 9.98 9.59 9.43 8.91
PSNR 37.24 37.24 37.25 37.20 37.20 37.18 37.58 37.58 37.60

Compression 3.73 3.73 3.73 6.27 6.27 6.27 9.62 9.62 9.62

Symlet 1 SNR 14.55 14.53 13.82 8.87 8.70 9.03 9.57 9.42 9.30
PSNR 37.15 37.15 37.14 36.99 36.99 37.00 36.82 36.82 36.82

Compression 4.06 4.06 4.06 7.96 7.96 7.96 15.30 15.30 15.30

Symlet 2 SNR 13.80 14.02 14.82 11.18 11.05 12.76 8.87 8.66 9.15
PSNR 37.13 37.14 37.14 37.24 37.24 37.25 37.36 37.36 37.37

Compression 4.02 4.02 4.02 7.66 7.66 7.66 14.25 14.25 14.25

Symlet 3 SNR 16.85 18.19 16.49 8.53 8.49 8.58 10.23 10.25 10.86
PSNR 37.19 37.19 37.19 37.03 37.03 37.05 37.16 37.16 37.16

Compression 3.98 3.98 3.98 7.53 7.53 7.53 13.34 13.34 13.34

Symlet 4 SNR 14.09 15.04 14.23 9.63 9.65 10.04 10.14 10.40 9.69
PSNR 37.23 37.23 37.23 37.14 37.13 37.14 37.30 37.30 37.31

Compression 3.94 3.94 3.94 7.26 7.26 7.26 12.53 12.53 12.53

Symlet 5 SNR 16.87 19.00 16.92 7.04 6.99 7.27 10.33 10.70 9.86
PSNR 37.25 37.25 37.24 36.85 36.85 36.86 37.12 37.14 37.12

Compression 3.91 3.91 3.91 7.14 7.14 7.14 12.16 12.16 12.16

Coiflet 1 SNR 14.93 16.56 14.33 9.80 9.84 9.73 11.21 10.78 11.20
PSNR 37.17 37.17 37.17 37.13 37.13 37.13 37.46 37.45 37.46

Compression 3.98 3.98 3.98 7.53 7.53 7.53 13.34 13.34 13.34

Coiflet 2 SNR 14.73 15.10 15.75 9.40 9.37 9.59 10.32 9.95 10.08
PSNR 37.20 37.19 37.22 37.24 37.24 37.25 37.12 37.12 37.13

Compression 3.87 3.87 3.87 6.90 6.90 6.90 11.49 11.49 11.49

Coiflet 3 SNR 13.69 14.61 15.23 8.71 8.81 8.62 8.54 8.50 8.74
PSNR 37.19 37.19 37.19 37.27 37.26 37.27 36.98 36.98 36.98

Compression 3.77 3.77 3.77 6.47 6.47 6.47 10.09 10.09 10.09

Coiflet 4 SNR 17.29 15.67 18.34 9.18 9.16 9.51 8.38 8.28 8.27
PSNR 37.24 37.24 37.24 37.23 37.23 37.21 37.12 37.11 37.13

Compression 3.67 3.67 3.67 6.00 6.00 6.00 8.80 8.80 8.80

Coiflet 5 SNR 15.65 16.32 16.04 11.47 11.07 10.38 9.01 9.15 9.20
PSNR 37.24 37.24 37.24 37.27 37.27 37.26 37.01 37.01 37.02

Compression 3.57 3.57 3.57 5.67 5.67 5.67 7.96 7.96 7.96
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Signal-to-Noise Ratio : SNR

o lszandaw sediuil 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 13.44 13.53 13.53 10.36 10.24 10.55 7.79 7.84 7.87
PSNR 37.14 37.14 37.15 37.22 37.21 37.23 37.39 37.39 37.40
ICompression 4.16 4.16 4.16 7.93 7.93 7.93 14.72 14.72 14.72

Db4 SNR 11.80 11.55 12.13 8.61 8.56 8.58 11.05 10.73 11.69
PSNR 37.22 37.22 37.23 37.13 37.13 37.13 37.27 37.26 37.26
ICompression 4.08 4.08 4.08 7.51 7.51 7.51 12.95 12.95 12.95

Db6 SNR 15.77 15.89 16.51 12.39 13.22 13.23 13.43 10.98 10.66
PSNR 37.17 37.17 37.18 37.26 37.26 37.26 37.29 37.29 37.29
ICompression 4.01 4.01 4.01 7.14 7.14 7.14 11.87 11.87 11.87

Db8 SNR 16.56 15.44 15.51 10.08 10.46 10.09 10.45 10.03 11.18
PSNR 37.17 37.17 37.19 37.30 37.30 37.30 37.23 37.23 37.22
ICompression 3.93 3.93 3.93 6.80 6.80 6.80 10.69 10.69 10.69

Db10 [SNR 14.58 14.43 16.41 10.61 10.30 10.24 9.70 9.56 9.07
PSNR 37.23 37.24 37.25 37.27 37.26 37.25 37.56 37.56 37.58
ICompression 3.86 3.86 3.86 6.49 6.49 6.49 9.95 9.95 9.95

Symlet 1 [SNR 14.45 14.35 13.35 9.45 9.30 9.50 10.41 10.47 11.14
PSNR 37.15 37.14 37.14 37.01 37.01 37.01 36.81 36.81 36.81
ICompression 4.20 4.20 4.20 8.23 8.23 8.23 15.80 15.80 15.80

Symlet 2 [SNR 13.44 13.53 14.43 10.36 10.14 10.88 7.79 7.74 7.82
PSNR 37.14 37.14 37.15 37.22 37.22 37.23 37.39 37.39 37.40
ICompression 4.16 4.16 4.16 7.93 7.93 7.93 14.72 14.72 14.72

Symlet 3 |SNR 16.60 17.35 16.30 9.22 9.16 9.18 9.97 10.04 10.78
PSNR 37.20 37.20 37.19 37.05 37.05 37.07 37.19 37.19 37.19
ICompression 4.12 4.12 4.12 7.78 7.78 7.78 13.78 13.78 13.78

Symlet 4 |SNR 13.85 13.95 14.00 9.40 9.39 9.79 9.58 9.81 9.13
PSNR 37.22 37.22 37.22 37.18 37.17 37.18 37.35 37.35 37.36
ICompression 4.08 4.08 4.08 7.51 7.51 7.51 12.95 12.95 12.95

Symlet 5 SNR 16.27 18.37 16.74 7.58 7.51 7.89 10.36 10.75 9.99
PSNR 37.24 37.24 37.23 36.86 36.86 36.87 37.14 37.15 37.14
ICompression 4.05 4.05 4.05 7.38 7.38 7.38 12.57 12.57 12.57

Coiflet 1 SNR 13.80 14.89 13.81 10.09 10.13 10.03 10.84 10.40 10.82
PSNR 37.18 37.18 37.17 37.12 37.12 37.12 37.51 37.51 37.51
ICompression 4.12 4.12 4.12 7.78 7.78 7.78 13.78 13.78 13.78

Coiflet 2 SNR 14.82 14.37 15.40 9.48 9.57 10.42 10.05 9.70 9.85
PSNR 37.19 37.19 37.22 37.24 37.24 37.25 37.15 37.15 37.16
ICompression 4.01 4.01 4.01 7.14 7.14 7.14 11.87 11.87 11.87

Coiflet 3 SNR 13.34 14.24 14.88 8.54 8.67 8.50 8.54 8.45 8.78
PSNR 37.20 37.19 37.19 37.34 37.33 37.34 36.99 36.99 36.99
ICompression 3.90 3.90 3.90 6.69 6.69 6.69 10.43 10.43 10.43

Coiflet 4 SNR 16.91 15.02 15.67 9.20 9.21 9.55 11.54 10.06 9.58
PSNR 37.24 37.23 37.24 37.28 37.28 37.26 37.07 37.06 37.07
ICompression 3.80 3.80 3.80 6.21 6.21 6.21 9.10 9.10 9.10

Coiflet 5 SNR 15.56 16.25 15.95 11.88 11.49 10.74 8.50 8.53 8.54
PSNR 37.23 37.23 37.23 37.32 37.31 37.30 37.01 37.00 37.02
ICompression 3.70 3.70 3.70 5.87 5.87 5.87 8.23 8.23 8.23
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Signal-to-Noise Ratio : SNR

wa:g::w lszandaw sediuil 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 13.30 13.35 13.27 10.56 10.44 10.97 8.00 8.05 8.05
PSNR 37.09 37.10 37.10 37.18 37.17 37.19 37.35 37.36 37.36
ICompression 4.09 4.09 4.09 7.80 7.80 7.80 14.49 14.49 14.49

Db4 SNR 13.35 12.79 12.60 8.43 8.39 8.41 10.68 10.37 11.34
PSNR 37.16 37.17 37.17 37.15 37.14 37.15 37.28 37.28 37.28
ICompression 4.01 4.01 4.01 7.39 7.39 7.39 12.74 12.74 12.74

Db6 SNR 16.15 16.23 16.98 11.31 11.49 11.51 12.72 10.26 9.94
PSNR 37.12 37.12 37.13 37.27 37.27 37.27 37.33 37.33 37.34
ICompression 3.94 3.94 3.94 7.02 7.02 7.02 11.68 11.68 11.68

Db8 SNR 16.68 15.54 16.10 10.25 10.59 10.48 9.80 9.42 10.48
PSNR 37.12 37.12 37.14 37.26 37.26 37.27 37.26 37.26 37.26
ICompression 3.87 3.87 3.87 6.69 6.69 6.69 10.52 10.52 10.52

Db10 [SNR 15.41 14.98 16.69 10.92 10.59 10.48 9.31 9.16 8.66
PSNR 37.19 37.20 37.20 37.23 37.23 37.21 37.58 37.58 37.60
ICompression 3.80 3.80 3.80 6.38 6.38 6.38 9.79 9.79 9.79

Symlet 1 SNR 13.88 13.81 12.95 10.21 10.46 10.47 9.35 9.28 8.92
PSNR 37.10 37.09 37.09 37.01 37.01 37.01 36.80 36.80 36.80
ICompression 4.13 4.13 4.13 8.10 8.10 8.10 15.56 15.56 15.56

Symlet 2 SNR 13.30 13.22 13.98 10.56 10.21 11.23 8.00 7.96 8.01
PSNR 37.09 37.09 37.10 37.18 37.17 37.19 37.35 37.35 37.36
ICompression 4.09 4.09 4.09 7.80 7.80 7.80 14.49 14.49 14.49

Symlet 3 SNR 15.93 16.67 15.59 8.64 8.63 8.72 9.87 9.95 10.61
PSNR 37.20 37.19 37.19 36.99 36.99 37.00 37.17 37.17 37.18
ICompression 4.05 4.05 4.05 7.66 7.66 7.66 13.56 13.56 13.56

Symlet 4 SNR 13.56 13.43 14.09 9.86 9.88 10.35 9.60 9.83 9.16
PSNR 37.19 37.19 37.19 37.10 37.10 37.11 37.32 37.33 37.33
ICompression 4.01 4.01 4.01 7.39 7.39 7.39 12.74 12.74 12.74

Symlet 5 SNR 16.54 18.66 16.69 7.48 7.50 7.73 9.85 10.23 9.51
PSNR 37.21 37.21 37.20 36.87 36.87 36.88 37.15 37.16 37.15
ICompression 3.98 3.98 3.98 7.26 7.26 7.26 12.37 12.37 12.37

Coiflet 1 SNR 13.52 14.71 13.74 9.94 9.97 9.83 10.61 10.18 10.58
PSNR 37.12 37.12 37.11 37.16 37.16 37.16 37.52 37.51 37.52
ICompression 4.05 4.05 4.05 7.66 7.66 7.66 13.56 13.56 13.56

Coiflet 2 SNR 15.35 14.41 16.08 8.89 8.93 8.77 9.84 9.50 9.61
PSNR 37.17 37.16 37.19 37.23 37.23 37.24 37.15 37.15 37.16
ICompression 3.94 3.94 3.94 7.02 7.02 7.02 11.68 11.68 11.68

Coiflet 3 SNR 13.79 14.73 15.87 8.69 8.80 8.67 9.00 8.69 9.46
PSNR 37.16 37.15 37.16 37.31 37.30 37.31 36.95 36.94 36.95
ICompression 3.83 3.83 3.83 6.58 6.58 6.58 10.26 10.26 10.26

Coiflet 4 SNR 17.61 15.53 16.63 9.67 9.62 10.10 9.23 9.11 9.68
PSNR 37.21 37.21 37.21 37.24 37.24 37.22 37.04 37.04 37.05
ICompression 3.73 3.73 3.73 6.11 6.11 6.11 8.96 8.96 8.96

Coiflet 5 SNR 15.72 16.19 16.21 11.59 11.18 10.46 8.39 8.45 8.41
PSNR 37.19 37.19 37.19 37.31 37.31 37.30 36.99 36.99 37.00
ICompression 3.63 3.63 3.63 5.77 5.77 5.77 8.10 8.10 8.10
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Signal-to-Noise Ratio : SNR

wa:g::w szansnw sediuil 1 széiuf 2 széiu 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 15.51 14.94 15.25 11.32 11.30 11.70 9.16 9.31 9.01
PSNR 36.11 36.12 36.11 36.07 36.07 36.05 36.35 36.34 36.35
ICompression 4.35 4.35 4.35 8.28 8.28 8.28 15.34 15.34 15.34

Db4 SNR 15.96 15.01 15.80 9.92 9.98 9.95 7.12 7.10 7.30
PSNR 36.20 36.19 36.21 36.16 36.17 36.16 36.46 36.46 36.47
ICompression 4.27 4.27 4.27 7.84 7.84 7.84 13.50 13.50 13.50

Db6 |SNR 13.77 14.35 14.37 12.07 11.84 11.95 6.58 6.71 6.53
PSNR 36.14 36.13 36.13 36.23 36.22 36.23 36.63 36.63 36.63
ICompression 4.19 4.19 4.19 7.45 7.45 7.45 12.38 12.38 12.38

Db8 SNR 19.10 20.54 21.44 11.46 11.77 11.49 8.00 7.93 8.30
PSNR 36.05 36.05 36.05 36.16 36.17 36.18 36.42 36.41 36.42
ICompression 4.11 4.11 4.11 7.10 7.10 7.10 11.15 11.15 11.15

Db10 [SNR 18.12 17.44 17.27 10.02 10.07 10.11 6.74 6.72 6.91
PSNR 35.96 35.95 35.97 36.28 36.28 36.29 36.53 36.52 36.53
ICompression 4.04 4.04 4.04 6.78 6.78 6.78 10.38 10.38 10.38

Symlet 1 SNR 15.11 15.48 15.46 12.42 12.98 12.16 10.12 10.23 10.02
PSNR 36.08 36.08 36.08 36.00 36.00 35.99 35.81 35.79 35.79
ICompression 4.39 4.39 4.39 8.59 8.59 8.59 16.47 16.47 16.47

Symlet 2 SNR 15.51 18.52 16.32 11.32 11.37 11.70 9.16 9.33 8.97
PSNR 36.11 36.11 36.12 36.07 36.06 36.05 36.35 36.35 36.35
ICompression 4.35 4.35 4.35 8.28 8.28 8.28 15.34 15.34 15.34

Symlet 3 SNR 15.26 14.73 15.37 11.92 11.37 12.59 10.39 10.37 10.53
PSNR 36.17 36.16 36.18 35.83 35.82 35.83 36.23 36.23 36.24
ICompression 4.31 4.31 4.31 8.13 8.13 8.13 14.36 14.36 14.36

Symlet 4 SNR 17.68 16.94 16.18 12.60 12.67 14.76 8.84 8.79 8.68
PSNR 36.14 36.14 36.14 35.98 35.98 35.99 36.37 36.37 36.37
ICompression 4.27 4.27 4.27 7.84 7.84 7.84 13.50 13.50 13.50

Symlet 5 SNR 20.27 20.12 16.46 9.02 9.16 9.12 10.09 10.14 9.72
PSNR 36.15 36.15 36.16 36.05 36.05 36.05 36.26 36.26 36.27
ICompression 4.23 4.23 4.23 7.71 7.71 7.71 13.11 13.11 13.11

Coiflet 1 SNR 18.05 17.09 18.21 9.84 9.78 10.24 5.66 5.69 5.66
PSNR 36.14 36.14 36.15 36.21 36.21 36.21 36.63 36.63 36.63
ICompression 4.31 4.31 4.31 8.13 8.13 8.13 14.36 14.36 14.36

Coiflet 2 SNR 16.16 16.03 16.47 14.66 15.65 14.70 8.90 8.88 8.88
PSNR 36.11 36.11 36.12 36.07 36.07 36.08 36.34 36.34 36.34
ICompression 4.19 4.19 4.19 7.45 7.45 7.45 12.38 12.38 12.38

Coiflet 3 [SNR 15.58 16.21 15.51 12.45 11.70 10.89 13.92 14.20 13.87
PSNR 36.05 36.05 36.05 36.26 36.26 36.28 35.96 35.96 35.96
ICompression 4.07 4.07 4.07 6.99 6.99 6.99 10.88 10.88 10.88

Coiflet 4 [SNR 15.69 17.45 15.84 9.88 9.90 9.82 12.16 12.08 12.54
PSNR 36.06 36.05 36.04 36.20 36.20 36.21 35.97 35.98 35.97
ICompression 3.97 3.97 3.97 6.49 6.49 6.49 9.50 9.50 9.50

Coiflet 5 [SNR 15.10 16.60 15.91 10.37 10.30 10.82 10.87 10.87 10.72
PSNR 36.05 36.05 36.05 36.28 36.28 36.28 36.04 36.03 36.04
ICompression 3.86 3.86 3.86 6.13 6.13 6.13 8.59 8.59 8.59
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Signal-to-Noise Ratio : SNR

m’:g:w lszandaw széiuf 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 20.10 18.22 21.28 11.22 11.26 11.16 11.08 10.76 10.63
PSNR 34.84 34.84 34.84 34.56 34.57 34.58 34.78 34.77 34.78
ICompression 4.85 4.85 4.85 9.20 9.20 9.20 16.97 16.97 16.97

Db4 [SNR 15.05 15.15 14.75 13.47 16.09 13.43 8.76 8.81 8.69
PSNR 34.88 34.88 34.88 34.70 34.69 34.70 35.02 35.01 35.02
ICompression 4.76 4.76 4.76 8.72 8.72 8.72 14.95 14.95 14.95

Db6 SNR 17.51 17.10 17.31 12.39 12.37 12.42 8.46 9.25 791
PSNR 34.77 34.76 34.78 34.71 34.70 34.70 35.10 35.10 35.11
ICompression 4.67 4.67 4.67 8.29 8.29 8.29 13.73 13.73 13.73

Db8 [SNR 16.13 15.43 15.99 12.09 11.90 11.86 9.16 9.45 9.09
PSNR 34.68 34.68 34.68 34.70 34.70 34.70 34.96 34.95 34.96
ICompression 4.58 4.58 4.58 7.90 7.90 7.90 12.37 12.37 12.37

Db10 SNR 15.94 14.81 16.66 12.74 13.19 12.96 10.35 9.45 9.35
PSNR 34.63 34.62 34.64 34.79 34.79 34.78 34.96 34.95 34.97
ICompression 4.50 4.50 4.50 7.54 7.54 7.54 11.52 11.52 11.52

Symlet 1 |SNR 17.19 15.68 18.32 10.08 10.16 10.29 10.96 10.42 9.60
PSNR 34.79 34.78 34.80 34.73 34.73 34.74 34.46 34.45 34.44
ICompression 4.90 4.90 4.90 9.55 9.55 9.55 18.20 18.20 18.20

Symlet 2 |SNR 20.10 21.22 19.93 11.22 11.40 11.24 11.08 10.45 10.58
PSNR 34.84 34.84 34.84 34.56 34.57 34.58 34.78 34.78 34.78
ICompression 4.85 4.85 4.85 9.20 9.20 9.20 16.97 16.97 16.97

Symlet 3 |SNR 16.33 15.98 17.97 11.72 11.63 12.10 9.93 9.82 9.88
PSNR 34.84 34.84 34.85 34.51 34.50 34.51 34.79 34.79 34.79
ICompression 4.80 4.80 4.80 9.04 9.04 9.04 15.90 15.90 15.90

Symlet 4 SNR 18.36 17.36 19.21 12.04 12.20 13.38 11.73 12.07 10.87
PSNR 34.79 34.78 34.79 34.60 34.60 34.61 34.83 34.83 34.83
ICompression 4.76 4.76 4.76 8.72 8.72 8.72 14.95 14.95 14.95

Symlet 5 SNR 14.36 14.65 15.54 16.01 15.04 15.37 10.88 11.32 10.95
PSNR 34.81 34.81 34.81 34.62 34.61 34.63 34.84 34.84 34.85
ICompression 4.71 4.71 4.71 8.57 8.57 8.57 14.52 14.52 14.52

Coiflet 1 SNR 19.53 20.56 16.85 11.54 11.51 11.37 7.16 7.20 7.25
PSNR 34.80 34.80 34.79 34.64 34.63 34.64 35.09 35.09 35.08
ICompression 4.80 4.80 4.80 9.04 9.04 9.04 15.90 15.90 15.90

Coiflet 2 [SNR 19.56 19.99 18.84 12.20 11.98 13.85 14.60 13.45 13.58
PSNR 34.77 34.77 34.78 34.70 34.70 34.70 34.76 34.76 34.76
ICompression 4.67 4.67 4.67 8.29 8.29 8.29 13.73 13.73 13.73

Coiflet 3 |SNR 18.73 17.33 20.75 13.18 13.27 15.18 9.01 9.06 8.95
PSNR 34.68 34.67 34.71 34.74 34.74 34.76 34.73 34.73 34.73
ICompression 4.54 4.54 4.54 7.78 7.78 7.78 12.08 12.08 12.08

Coiflet 4 SNR 18.07 17.17 20.59 11.69 11.71 13.65 12.45 12.33 11.82
PSNR 34.67 34.67 34.67 34.74 34.74 34.75 34.83 34.83 34.84
ICompression 4.42 4.42 4.42 7.22 7.22 7.22 10.55 10.55 10.55

Coiflet 5 SNR 19.08 17.87 18.87 15.02 14.83 14.83 10.76 10.74 11.59
PSNR 34.63 34.62 34.62 34.68 34.69 34.70 34.85 34.85 34.87
ICompression 4.31 4.31 4.31 6.83 6.83 6.83 9.55 9.55 9.55
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Signal-to-Noise Ratio : SNR

m’:g:w szansnw széiuf 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 16.96 19.26 20.17 15.16 15.81 16.97 6.62 6.68 6.68
PSNR 36.54 36.55 36.55 36.67 36.66 36.67 37.05 37.05 37.06
ICompression 4.95 4.95 4.95 9.38 9.38 9.38 17.30 17.30 17.30

Db4 SNR 13.71 13.73 15.75 11.45 11.68 11.47 7.12 7.17 7.15
PSNR 36.67 36.67 36.67 36.73 36.73 36.74 36.98 36.98 36.99
ICompression 4.85 4.85 4.85 8.89 8.89 8.89 15.24 15.24 15.24

Db6 |SNR 15.48 15.30 17.00 15.24 15.35 13.19 8.06 8.37 8.23
PSNR 36.55 36.56 36.56 36.67 36.67 36.67 37.12 37.12 37.12
ICompression 4.76 4.76 4.76 8.45 8.45 8.45 13.99 13.99 13.99

Db8 SNR 15.55 14.67 15.74 11.76 12.15 12.32 8.64 8.96 8.96
PSNR 36.57 36.56 36.56 36.76 36.75 36.77 36.87 36.87 36.87
ICompression 4.67 4.67 4.67 8.05 8.05 8.05 12.61 12.61 12.61

Db10 [SNR 15.04 14.56 14.47 9.60 9.61 9.58 5.89 5.91 5.90
PSNR 36.56 36.57 36.56 36.77 36.77 36.75 37.14 37.14 37.14
ICompression 4.59 4.59 4.59 7.69 7.69 7.69 11.75 11.75 11.75

Symlet 1 SNR 14.38 14.70 16.86 11.20 11.37 11.11 6.34 6.32 6.15
PSNR 36.50 36.50 36.51 36.56 36.56 36.55 35.95 35.94 35.96
ICompression 4.99 4.99 4.99 9.74 9.74 9.74 18.55 18.55 18.55

Symlet 2 SNR 16.96 16.82 17.94 15.16 15.09 15.36 6.62 6.66 6.68
PSNR 36.54 36.53 36.55 36.67 36.66 36.68 37.05 37.05 37.05
ICompression 4.95 4.95 4.95 9.38 9.38 9.38 17.30 17.30 17.30

Symlet 3 SNR 14.39 14.42 13.99 12.73 12.37 12.21 7.73 7.84 7.60
PSNR 36.67 36.68 36.69 36.45 36.44 36.43 36.83 36.83 36.83
ICompression 4.90 4.90 4.90 9.21 9.21 9.21 16.21 16.21 16.21

Symlet 4 SNR 16.08 14.90 17.63 12.86 13.17 13.92 7.00 6.96 6.96
PSNR 36.62 36.62 36.63 36.70 36.70 36.70 37.01 37.01 37.02
ICompression 4.85 4.85 4.85 8.89 8.89 8.89 15.24 15.24 15.24

Symlet 5 SNR 12.86 13.27 13.12 10.37 10.36 10.32 11.55 10.81 9.86
PSNR 36.60 36.60 36.60 36.48 36.47 36.48 36.84 36.83 36.84
ICompression 4.81 4.81 4.81 8.74 8.74 8.74 14.80 14.80 14.80

Coiflet 1 SNR 16.86 15.94 17.12 10.54 10.60 11.25 5.58 5.59 5.57
PSNR 36.59 36.58 36.59 36.74 36.73 36.71 37.19 37.19 37.19
ICompression 4.90 4.90 4.90 9.21 9.21 9.21 16.21 16.21 16.21

Coiflet 2 SNR 14.13 14.12 14.28 11.33 11.93 12.38 8.25 8.35 8.24
PSNR 36.62 36.62 36.63 36.69 36.69 36.69 36.83 36.83 36.84
ICompression 4.76 4.76 4.76 8.45 8.45 8.45 13.99 13.99 13.99

Coiflet 3 [SNR 15.48 16.46 15.92 9.96 9.99 9.96 12.47 12.88 12.43
PSNR 36.60 36.60 36.62 36.72 36.72 36.72 36.47 36.47 36.46
ICompression 4.63 4.63 4.63 7.93 7.93 7.93 12.31 12.31 12.31

Coiflet 4 [SNR 16.45 16.08 15.89 10.73 10.62 10.24 12.42 12.83 11.64
PSNR 36.56 36.56 36.58 36.71 36.70 36.72 36.48 36.47 36.46
ICompression 4.51 4.51 4.51 7.36 7.36 7.36 10.76 10.76 10.76

Coiflet 5 [SNR 14.64 14.85 16.65 9.89 9.92 9.68 11.03 10.79 11.29
PSNR 36.55 36.54 36.56 36.75 36.75 36.76 36.51 36.50 36.50
ICompression 4.39 4.39 4.39 6.96 6.96 6.96 9.74 9.74 9.74
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Signal-to-Noise Ratio : SNR

wa:g::w szansnw széiuf 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 [SNR 14.62 14.95 13.64 9.50 9.45 9.54 9.13 9.20 9.02
PSNR 36.02 36.02 36.02 35.83 35.83 35.85 36.25 36.25 36.25
ICompression 5.63 5.63 5.63 10.65 10.65 10.65 19.54 19.54 19.54

Db4 SNR 15.30 16.97 15.19 10.33 10.28 10.66 9.79 9.37 9.35
PSNR 36.03 36.03 36.03 35.81 35.81 35.82 36.16 36.16 36.16
ICompression 5.52 5.52 5.52 10.10 10.10 10.10 17.24 17.24 17.24

Db6 [SNR 11.87 11.76 13.75 11.21 11.10 11.54 11.29 10.24 9.16
PSNR 35.96 35.96 35.99 35.86 35.86 35.87 36.14 36.14 36.13
ICompression 5.42 5.42 5.42 9.60 9.60 9.60 15.84 15.84 15.84

Db8 [SNR 11.84 11.96 14.24 11.74 11.69 12.69 8.56 8.53 8.56
PSNR 35.91 35.92 35.93 35.80 35.80 35.80 35.97 35.97 35.98
ICompression 5.32 5.32 5.32 9.15 9.15 9.15 14.29 14.29 14.29

Db10 SNR 15.41 15.00 14.57 11.96 12.21 11.78 9.34 9.46 9.24
PSNR 35.92 35.92 35.95 35.97 35.97 35.95 36.24 36.24 36.25
ICompression 5.23 5.23 5.23 8.74 8.74 8.74 13.32 13.32 13.32

Symlet 1 |SNR 12.29 12.38 12.19 8.84 8.73 8.93 8.51 8.35 8.32
PSNR 35.98 35.98 35.98 35.69 35.68 35.69 36.01 36.00 36.00
ICompression 5.68 5.68 5.68 11.05 11.05 11.05 20.94 20.94 20.94

Symlet 2 |SNR 14.62 15.02 14.33 9.50 9.53 9.55 9.13 9.21 9.06
PSNR 36.02 36.02 36.02 35.83 35.83 35.85 36.25 36.25 36.25
ICompression 5.63 5.63 5.63 10.65 10.65 10.65 19.54 19.54 19.54

Symlet 3 |SNR 16.90 14.65 14.44 10.71 9.47 8.77 11.64 10.36 11.74
PSNR 36.02 36.02 36.03 35.67 35.66 35.66 36.05 36.06 36.05
ICompression 5.58 5.58 5.58 10.46 10.46 10.46 18.32 18.32 18.32

Symlet 4 SNR 13.69 12.84 13.98 10.03 9.82 10.65 8.92 9.13 8.76
PSNR 35.97 35.97 35.97 35.76 35.75 35.75 36.19 36.18 36.20
ICompression 5.52 5.52 5.52 10.10 10.10 10.10 17.24 17.24 17.24

Symlet 5 SNR 13.46 13.51 13.39 8.06 8.04 8.12 10.41 10.67 9.63
PSNR 35.97 35.97 35.97 35.66 35.65 35.66 35.93 35.92 35.93
ICompression 5.47 5.47 5.47 9.93 9.93 9.93 16.75 16.75 16.75

Coiflet 1 [SNR 13.66 13.11 12.99 9.99 10.26 10.92 7.72 7.73 7.76
PSNR 36.01 36.00 36.00 35.75 35.75 35.75 36.32 36.32 36.32
ICompression 5.58 5.58 5.58 10.46 10.46 10.46 18.32 18.32 18.32

Coiflet 2 SNR 13.70 14.05 13.94 12.17 12.28 12.08 9.65 9.76 9.46
PSNR 35.99 35.99 35.99 35.84 35.83 35.86 35.99 35.99 36.00
ICompression 5.42 5.42 5.42 9.60 9.60 9.60 15.84 15.84 15.84

Coiflet 3 |SNR 15.04 15.62 15.69 11.11 11.56 11.06 10.12 9.97 10.05
PSNR 35.94 35.94 35.95 36.15 36.14 36.14 35.86 35.87 35.87
ICompression 5.27 5.27 5.27 9.01 9.01 9.01 13.95 13.95 13.95

Coiflet 4 SNR 14.82 14.86 15.25 12.10 12.34 11.26 11.77 11.94 11.53
PSNR 35.90 35.90 35.91 35.91 35.91 35.93 35.93 35.92 35.93
ICompression 5.14 5.14 5.14 8.37 8.37 8.37 12.21 12.21 12.21

Coiflet 5 SNR 14.30 14.69 14.53 13.22 12.82 12.73 9.77 9.71 9.81
PSNR 35.94 35.94 35.95 35.98 35.99 35.99 35.86 35.84 35.85
ICompression 5.00 5.00 5.00 7.91 7.91 7.91 11.05 11.05 11.05
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Signal-to-Noise Ratio : SNR

m’:g:w szansnw széiuf 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 |SNR 13.91 13.60 13.91 12.08 12.15 11.90 5.64 5.67 5.46
PSNR 36.37 36.36 36.38 36.62 36.61 36.62 37.10 37.10 37.12
ICompression 4.59 4.59 4.59 8.73 8.73 8.73 16.16 16.16 16.16

Db4 |SNR 12.14 12.19 13.47 11.25 11.05 11.20 5.81 5.88 5.89
PSNR 36.59 36.59 36.58 36.59 36.59 36.58 37.06 37.05 37.05
Compression 4.51 4.51 4.51 8.27 8.27 8.27 14.22 14.22 14.22

Db6 |SNR 14.24 15.04 14.72 10.81 11.52 10.48 4.83 4.86 4.82
PSNR 36.46 36.46 36.46 36.73 36.72 36.74 37.18 37.18 37.18
ICompression 4.42 4.42 4.42 7.86 7.86 7.86 13.05 13.05 13.05

Db8 |SNR 12.63 12.42 12.31 10.45 10.53 9.89 7.72 7.83 7.35
PSNR 36.45 36.44 36.45 36.78 36.78 36.78 36.91 36.91 36.91
ICompression 4.34 4.34 4.34 7.49 7.49 7.49 11.76 11.76 11.76

Db10 [SNR 15.89 14.83 15.76 8.87 8.50 8.61 5.82 5.88 5.78
PSNR 36.44 36.44 36.43 36.77 36.77 36.77 37.07 37.07 37.08
ICompression 4.26 4.26 4.26 7.15 7.15 7.15 10.94 10.94 10.94

Symlet 1 SNR 12.60 12.19 12.37 10.02 10.38 11.16 7.61 7.42 7.39
PSNR 36.41 36.40 36.42 36.34 36.34 36.35 36.04 36.03 36.03
ICompression 4.64 4.64 4.64 9.06 9.06 9.06 17.34 17.34 17.34

Symlet 2 [SNR 13.91 12.99 14.54 12.08 12.83 12.08 5.64 5.64 5.43
PSNR 36.37 36.36 36.37 36.62 36.61 36.62 37.10 37.10 37.12
ICompression 4.59 4.59 4.59 8.73 8.73 8.73 16.16 16.16 16.16

Symlet 3 [SNR 15.76 14.58 17.32 12.86 14.58 13.72 7.38 7.40 7.29
PSNR 36.49 36.48 36.49 36.43 36.43 36.45 36.93 36.93 36.94
Compression 4.55 4.55 4.55 8.57 8.57 8.57 15.13 15.13 15.13

Symlet 4 [SNR 16.73 16.68 15.61 11.73 12.24 11.93 6.58 6.52 6.72
PSNR 36.48 36.47 36.47 36.58 36.59 36.59 37.04 37.04 37.05
ICompression 4.51 4.51 4.51 8.27 8.27 8.27 14.22 14.22 14.22

Symlet 5 SNR 13.64 14.15 13.70 9.87 11.85 9.45 8.14 8.15 8.10
PSNR 36.42 36.41 36.42 36.33 36.32 36.32 36.79 36.79 36.80
ICompression 4.46 4.46 4.46 8.13 8.13 8.13 13.81 13.81 13.81

Coiflet 1 [SNR 13.87 14.38 15.54 9.17 9.21 9.17 4.50 4.51 4.48
PSNR 36.45 36.45 36.46 36.74 36.74 36.74 37.21 37.21 37.22
ICompression 4.55 4.55 4.55 8.57 8.57 8.57 15.13 15.13 15.13

Coiflet 2 [SNR 15.48 15.16 15.47 13.98 14.31 13.27 7.51 7.44 7.39
PSNR 36.47 36.47 36.46 36.54 36.54 36.55 36.90 36.90 36.91
ICompression 4.42 4.42 4.42 7.86 7.86 7.86 13.05 13.05 13.05

Coiflet 3 [SNR 13.16 13.05 13.14 9.91 10.21 10.25 12.95 12.54 12.75
PSNR 36.46 36.45 36.45 36.76 36.75 36.75 36.43 36.42 36.43
Compression 4.30 4.30 4.30 7.38 7.38 7.38 11.47 11.47 11.47

Coiflet 4 SNR 13.78 14.02 13.87 10.37 10.33 10.69 12.18 12.63 12.26
PSNR 36.40 36.40 36.40 36.62 36.62 36.62 36.38 36.37 36.39
ICompression 4.19 4.19 4.19 6.84 6.84 6.84 10.02 10.02 10.02

Coiflet 5 [SNR 12.26 12.52 12.65 11.42 12.29 10.59 11.05 10.94 11.37
PSNR 36.52 36.51 36.50 36.63 36.63 36.63 36.48 36.48 36.49
ICompression 4.08 4.08 4.08 6.47 6.47 6.47 9.06 9.06 9.06
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Signal-to-Noise Ratio : SNR

m’:g:w lszandaw széiuf 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 15.11 14.71 14.56 11.66 11.52 11.35 12.23 12.20 12.62
PSNR 37.02 37.02 37.03 36.98 36.98 36.97 37.33 37.33 37.34
ICompression 4.19 4.19 4.19 7.97 7.97 7.97 14.80 14.80 14.80

Db4 [SNR 13.34 14.00 14.85 10.98 11.21 11.16 9.57 9.63 9.84
PSNR 37.15 37.15 37.15 37.11 37.11 37.10 37.49 37.48 37.49
ICompression 4.11 4.11 4.11 7.55 7.55 7.55 13.01 13.01 13.01

Db6 [SNR 16.26 15.72 17.50 12.82 12.77 12.93 8.22 8.24 8.28
PSNR 37.12 37.12 37.13 37.22 37.22 37.22 37.53 37.53 37.53
ICompression 4.03 4.03 4.03 7.18 7.18 7.18 11.94 11.94 11.94

Db8 SNR 14.91 14.75 17.47 13.26 14.10 13.70 10.48 10.50 10.80
PSNR 37.04 37.04 37.06 37.27 37.27 37.26 37.40 37.40 37.40
ICompression 3.96 3.96 3.96 6.84 6.84 6.84 10.75 10.75 10.75

Db10 SNR 15.18 15.47 16.55 13.23 13.76 13.26 7.47 7.44 7.40
PSNR 37.04 37.04 37.07 37.25 37.25 37.24 37.57 37.57 37.57
ICompression 3.88 3.88 3.88 6.53 6.53 6.53 10.00 10.00 10.00

Symlet 1 |SNR 14.93 16.58 14.45 10.55 12.33 10.56 9.38 9.59 9.56
PSNR 37.03 37.03 37.03 36.90 36.90 36.90 36.94 36.94 36.95
ICompression 4.23 4.23 4.23 8.28 8.28 8.28 15.89 15.89 15.89

Symlet 2 |SNR 15.11 15.11 14.98 11.66 12.07 11.37 12.23 12.39 12.52
PSNR 37.02 37.01 37.02 36.98 36.98 36.97 37.33 37.33 37.34
ICompression 4.19 4.19 4.19 7.97 7.97 7.97 14.80 14.80 14.80

Symlet 3 |SNR 15.64 14.73 16.94 10.00 9.83 10.29 13.20 13.12 12.57
PSNR 37.10 37.10 37.12 36.89 36.88 36.89 37.07 37.06 37.06
ICompression 4.15 4.15 4.15 7.83 7.83 7.83 13.85 13.85 13.85

Symlet 4 SNR 17.05 16.37 17.62 11.45 11.12 11.18 11.48 11.48 11.82
PSNR 37.08 37.06 37.07 37.04 37.02 37.04 37.22 37.21 37.22
ICompression 4.11 4.11 4.11 7.55 7.55 7.55 13.01 13.01 13.01

Symlet 5 SNR 13.89 13.43 14.57 12.76 12.29 12.16 11.41 11.63 11.32
PSNR 37.09 37.08 37.10 36.97 36.96 36.99 37.23 37.23 37.23
ICompression 4.07 4.07 4.07 7.42 7.42 7.42 12.63 12.63 12.63

Coiflet 1 [SNR 15.07 13.97 15.39 11.75 11.79 11.09 8.17 8.27 8.08
PSNR 37.03 37.02 37.04 37.14 37.14 37.14 37.54 37.54 37.54
ICompression 4.15 4.15 4.15 7.83 7.83 7.83 13.85 13.85 13.85

Coiflet 2 [SNR 14.95 14.38 15.62 9.82 9.89 9.82 12.01 12.02 11.63
PSNR 37.09 37.10 37.10 37.11 37.11 37.12 37.34 37.33 37.33
ICompression 4.03 4.03 4.03 7.18 7.18 7.18 11.94 11.94 11.94

Coiflet 3 |SNR 15.94 15.70 16.64 13.37 13.42 12.92 10.21 10.24 10.42
PSNR 37.07 37.07 37.08 37.24 37.24 37.23 37.09 37.08 37.07
ICompression 3.92 3.92 3.92 6.73 6.73 6.73 10.49 10.49 10.49

Coiflet 4 SNR 15.84 14.79 15.94 16.44 14.25 14.31 14.24 12.72 12.15
PSNR 37.08 37.07 37.09 37.09 37.10 37.09 37.15 37.15 37.15
ICompression 3.82 3.82 3.82 6.24 6.24 6.24 9.15 9.15 9.15

Coiflet 5 SNR 14.49 14.24 14.65 15.68 16.09 15.09 10.22 10.34 10.38
PSNR 37.13 37.13 37.15 37.12 37.13 37.13 37.33 37.33 37.33
ICompression 3.72 3.72 3.72 5.90 5.90 5.90 8.28 8.28 8.28
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Signal-to-Noise Ratio : SNR

wa:g::w szansnw széiuf 1 széiuf 2 széiufl 3

zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 13.93 14.15 14.85 12.43 12.20 12.25 7.73 7.75 7.70
PSNR 36.22 36.22 36.22 36.33 36.33 36.35 36.55 36.54 36.55
ICompression 4.57 4.57 4.57 8.68 8.68 8.68 16.06 16.06 16.06

Db4 SNR 13.31 12.46 13.12 9.90 11.17 9.68 9.18 9.28 8.95
PSNR 36.37 36.38 36.38 36.17 36.15 36.16 36.43 36.43 36.42
ICompression 4.48 4.48 4.48 8.23 8.23 8.23 14.14 14.14 14.14

Db6 |SNR 15.17 15.57 16.19 13.94 13.86 13.86 8.22 8.28 8.21
PSNR 36.25 36.25 36.26 36.40 36.40 36.40 36.45 36.45 36.46
ICompression 4.40 4.40 4.40 7.82 7.82 7.82 12.97 12.97 12.97

Db8 SNR 18.18 16.35 18.41 12.69 13.15 11.91 8.03 7.96 8.12
PSNR 36.24 36.23 36.24 36.30 36.31 36.31 36.39 36.38 36.40
ICompression 4.32 4.32 4.32 7.45 7.45 7.45 11.69 11.69 11.69

Db10 [SNR 13.86 13.58 15.14 10.98 11.17 10.38 9.29 9.18 8.69
PSNR 36.27 36.26 36.28 36.29 36.29 36.29 36.68 36.67 36.69
ICompression 4.24 4.24 4.24 7.11 7.11 7.11 10.88 10.88 10.88

Symlet 1 SNR 12.24 11.98 12.03 9.80 10.57 9.40 7.78 7.89 7.73
PSNR 36.27 36.26 36.26 36.14 36.14 36.14 35.88 35.87 35.88
ICompression 4.61 4.61 4.61 9.01 9.01 9.01 17.23 17.23 17.23

Symlet 2 SNR 13.93 14.06 14.72 12.43 11.99 12.43 7.73 7.75 7.69
PSNR 36.22 36.22 36.22 36.33 36.33 36.35 36.55 36.55 36.55
ICompression 4.57 4.57 4.57 8.68 8.68 8.68 16.06 16.06 16.06

Symlet 3 SNR 16.29 15.15 16.11 9.34 9.23 9.56 13.06 12.09 13.61
PSNR 36.31 36.31 36.30 36.08 36.08 36.10 36.36 36.36 36.36
ICompression 4.52 4.52 4.52 8.53 8.53 8.53 15.04 15.04 15.04

Symlet 4 SNR 15.30 14.42 14.49 13.60 13.39 15.62 9.53 9.72 9.17
PSNR 36.26 36.25 36.26 36.27 36.26 36.27 36.54 36.54 36.54
ICompression 4.48 4.48 4.48 8.23 8.23 8.23 14.14 14.14 14.14

Symlet 5 SNR 16.27 17.38 14.84 10.22 12.52 10.56 8.22 8.26 8.23
PSNR 36.35 36.35 36.33 36.01 36.02 36.03 36.35 36.35 36.36
ICompression 4.44 4.44 4.44 8.09 8.09 8.09 13.73 13.73 13.73

Coiflet 1 SNR 12.55 12.71 12.84 9.97 9.94 10.39 9.55 9.14 9.53
PSNR 36.25 36.25 36.24 36.20 36.20 36.21 36.67 36.67 36.67
ICompression 4.52 4.52 4.52 8.53 8.53 8.53 15.04 15.04 15.04

Coiflet 2 SNR 15.86 15.58 18.02 10.05 9.89 10.07 9.01 8.60 8.64
PSNR 36.29 36.29 36.31 36.32 36.32 36.33 36.26 36.26 36.27
ICompression 4.40 4.40 4.40 7.82 7.82 7.82 12.97 12.97 12.97

Coiflet 3 SNR 16.51 17.76 17.95 12.65 11.97 11.46 9.69 9.80 10.08
PSNR 36.27 36.27 36.28 36.39 36.39 36.40 36.19 36.19 36.19
ICompression 4.28 4.28 4.28 7.33 7.33 7.33 11.41 11.41 11.41

Coiflet 4 SNR 14.19 14.17 15.54 13.00 13.06 13.06 10.90 11.26 10.79
PSNR 36.29 36.28 36.29 36.27 36.27 36.28 36.28 36.27 36.28
ICompression 4.17 4.17 4.17 6.81 6.81 6.81 9.96 9.96 9.96

Coiflet 5 [SNR 15.13 15.89 17.83 15.43 15.18 14.88 9.96 9.88 10.28
PSNR 36.31 36.31 36.32 36.31 36.32 36.32 36.28 36.28 36.30
ICompression 4.06 4.06 4.06 6.44 6.44 6.44 9.01 9.01 9.01
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Signal-to-Noise Ratio : SNR

«uu;\nw sz@nsnn svdudl 1 seduil 2 sedui 3
e zero noise | wiener | zero noise | wiener | zero noise | wiener
Db2 SNR 3.57 3.76 5.13 6.18 6.12 12.15 3.88 4.54 5.13
PSNR 0.56 0.56 0.55 0.66 0.67 0.66 0.66 0.66 0.66
ICompression 0.22 0.22 0.22 0.41 0.41 0.41 0.73 0.73 0.73
Db4 [SNR 3.37 2.56 2.78 2.01 2.05 2.17 5.96 5.01 8.30
PSNR 0.59 0.59 0.57 0.59 0.60 0.60 0.68 0.67 0.69
ICompression 0.22 0.22 0.22 0.39 0.39 0.39 0.65 0.65 0.65
Db6 [SNR 5.00 4.60 4.74 5.12 5.48 5.33 13.64 6.46 5.20
PSNR 0.57 0.56 0.56 0.60 0.60 0.61 0.65 0.65 0.65
ICompression 0.21 0.21 0.21 0.37 0.37 0.37 0.60 0.60 0.60
Db8 [SNR 6.70 5.37 5.73 2.94 3.44 3.30 5.29 5.01 6.65
PSNR 0.52 0.52 0.52 0.58 0.59 0.59 0.69 0.69 0.68
ICompression 0.21 0.21 0.21 0.35 0.35 0.35 0.55 0.55 0.55
Db10 [SNR 4.15 3.00 7.43 3.94 3.44 3.32 5.24 4.89 3.78
PSNR 0.50 0.49 0.49 0.57 0.58 0.57 0.66 0.66 0.65
ICompression 0.20 0.20 0.20 0.34 0.34 0.34 0.51 0.51 0.51
Symlet 1 SNR 6.35 6.53 4.85 5.22 4.79 5.50 6.13 5.67 5.27
PSNR 0.56 0.56 0.57 0.68 0.68 0.67 0.79 0.78 0.78
ICompression 0.22 0.22 0.22 0.43 0.43 0.43 0.78 0.78 0.78
Symlet 2 SNR 3.57 3.89 5.95 6.18 5.93 8.69 3.88 3.42 4.65
PSNR 0.56 0.56 0.55 0.66 0.66 0.66 0.66 0.66 0.66
ICompression 0.22 0.22 0.22 0.41 0.41 0.41 0.73 0.73 0.73
Symlet 3 SNR 4.80 6.82 4.37 2.66 2.58 2.47 4.30 4.34 571
PSNR 0.55 0.54 0.54 0.53 0.53 0.53 0.56 0.56 0.55
ICompression 0.22 0.22 0.22 0.40 0.40 0.40 0.69 0.69 0.69
Symlet 4 SNR 4.65 6.61 3.79 4.47 4.27 5.94 5.24 5.58 4.72
PSNR 0.50 0.50 0.50 0.67 0.67 0.67 0.64 0.64 0.65
ICompression 0.22 0.22 0.22 0.39 0.39 0.39 0.65 0.65 0.65
Symlet 5 SNR 4.45 8.93 4.74 2.78 2.68 3.23 4.54 5.37 3.76
PSNR 0.52 0.52 0.51 0.64 0.64 0.64 0.63 0.63 0.63
ICompression 0.21 0.21 0.21 0.38 0.38 0.38 0.63 0.63 0.63
Coiflet 1 [SNR 5.04 7.22 4.32 3.42 3.52 3.28 4,91 3.97 5.00
PSNR 0.54 0.54 0.54 0.54 0.54 0.53 0.54 0.54 0.53
ICompression 0.22 0.22 0.22 0.40 0.40 0.40 0.69 0.69 0.69
Coiflet 2 [SNR 3.66 4.64 5.09 3.62 3.48 4.16 4.56 4.01 4.04
PSNR 0.57 0.58 0.58 0.65 0.65 0.66 0.65 0.66 0.65
ICompression 0.21 0.21 0.21 0.37 0.37 0.37 0.60 0.60 0.60
Coiflet 3 [SNR 2.58 4.38 4.58 1.78 1.84 1.81 3.31 3.27 3.57
PSNR 0.56 0.56 0.53 0.55 0.54 0.55 0.69 0.69 0.69
ICompression 0.21 0.21 0.21 0.35 0.35 0.35 0.53 0.53 0.53
Coiflet 4 SNR 10.01 5.76 10.24 1.93 1.99 2.64 2.96 2.90 2.95
PSNR 0.50 0.50 0.49 0.56 0.56 0.55 0.76 0.76 0.75
ICompression 0.20 0.20 0.20 0.32 0.32 0.32 0.47 0.47 0.47
Coiflet 5 [SNR 3.83 5.11 3.86 6.28 5.58 4.33 4.33 4.61 4.55
PSNR 0.48 0.48 0.48 0.61 0.61 0.62 0.80 0.80 0.82
ICompression 0.20 0.20 0.20 0.31 0.31 0.31 0.43 0.43 0.43
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Signal-to-Noise Ratio : SNR

S sz@nsnn sréiud 1 séiud 2 szdufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 3.15 3.20 3.66 5.38 5.27 5.84 2.50 2.60 2.95
PSNR 0.56 0.56 0.56 0.65 0.66 0.65 0.67 0.66 0.67
ICompression 0.48 0.48 0.48 0.90 0.90 0.90 1.60 1.60 1.60
Db4 [SNR 3.18 2.38 2.62 2.25 2.35 2.35 6.01 5.02 8.35
PSNR 0.59 0.60 0.57 0.59 0.60 0.60 0.68 0.68 0.69
ICompression 0.48 0.48 0.48 0.86 0.86 0.86 1.43 1.43 1.43
Db6 [SNR 5.29 4.94 5.14 5.98 7.44 7.20 13.67 6.23 4.90
PSNR 0.58 0.57 0.57 0.60 0.60 0.61 0.66 0.66 0.65
ICompression 0.47 0.47 0.47 0.81 0.81 0.81 1.32 1.32 1.32
Db8 [SNR 6.93 5.53 5.97 2.91 3.36 3.23 5.01 4.52 6.47
PSNR 0.52 0.52 0.53 0.58 0.58 0.59 0.69 0.69 0.68
ICompression 0.46 0.46 0.46 0.78 0.78 0.78 1.19 1.19 1.19
Db10 [SNR 4.28 3.19 7.66 3.70 3.18 3.06 5.20 4.85 3.72
PSNR 0.50 0.49 0.49 0.56 0.57 0.56 0.66 0.66 0.65
ICompression 0.45 0.45 0.45 0.74 0.74 0.74 1.12 1.12 1.12
Symlet 1 SNR 6.32 6.45 4.38 5.19 4.82 5.46 7.11 7.17 8.96
PSNR 0.56 0.56 0.57 0.68 0.68 0.67 0.78 0.77 0.78
ICompression 0.49 0.49 0.49 0.93 0.93 0.93 1.71 1.71 1.71
Symlet 2 SNR 3.15 3.16 5.60 5.38 4.83 6.32 2.50 2.34 2.79
PSNR 0.56 0.56 0.55 0.65 0.65 0.65 0.67 0.67 0.67
ICompression 0.48 0.48 0.48 0.90 0.90 0.90 1.60 1.60 1.60
Symlet 3 SNR 4.87 6.74 4.41 2.98 2.88 2.58 4.27 4.33 5.72
PSNR 0.55 0.55 0.55 0.54 0.53 0.53 0.56 0.57 0.56
ICompression 0.48 0.48 0.48 0.89 0.89 0.89 1.51 1.51 1.51
Symlet 4 |SNR 4.32 4.33 3.63 4.52 4.32 6.01 5.29 5.64 4.71
PSNR 0.49 0.50 0.50 0.68 0.68 0.69 0.65 0.65 0.67
ICompression 0.48 0.48 0.48 0.86 0.86 0.86 1.43 1.43 1.43
Symlet 5 SNR 4.31 9.00 4.73 3.23 3.11 3.72 4.55 5.38 3.79
PSNR 0.52 0.52 0.51 0.64 0.64 0.64 0.63 0.63 0.64
ICompression 0.47 0.47 0.47 0.84 0.84 0.84 1.39 1.39 1.39
Coiflet 1 SNR 3.52 5.72 4.18 3.22 3.34 3.09 5.11 4.18 5.19
PSNR 0.54 0.55 0.54 0.54 0.55 0.53 0.53 0.53 0.52
ICompression 0.48 0.48 0.48 0.89 0.89 0.89 1.51 1.51 1.51
Coiflet 2 |SNR 3.75 3.34 4.90 3.81 3.90 6.36 4.59 4.03 4.06
PSNR 0.57 0.58 0.58 0.65 0.65 0.66 0.66 0.67 0.66
ICompression 0.47 0.47 0.47 0.81 0.81 0.81 1.32 1.32 1.32
Coiflet 3 [SNR 2.53 4.42 4.71 1.92 1.97 1.93 3.31 3.21 3.62
PSNR 0.56 0.56 0.53 0.56 0.55 0.55 0.69 0.69 0.69
ICompression 0.45 0.45 0.45 0.77 0.77 0.77 1.17 1.17 1.17
Coiflet 4 [SNR 9.90 5.08 6.30 1.92 1.97 2.62 10.43 6.39 5.05
PSNR 0.50 0.50 0.49 0.56 0.56 0.56 0.73 0.74 0.72
ICompression 0.44 0.44 0.44 0.71 0.71 0.71 1.03 1.03 1.03
Coiflet 5 [SNR 3.82 5.12 3.88 6.07 5.39 4.16 3.56 3.70 3.50
PSNR 0.48 0.48 0.47 0.60 0.60 0.61 0.80 0.80 0.82
ICompression 0.43 0.43 0.43 0.68 0.68 0.68 0.93 0.93 0.93
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Signal-to-Noise Ratio : SNR

wa:g::w lszandaw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 [SNR 3.09 3.06 3.51 5.47 5.36 6.02 2.47 2.57 2.91
PSNR 0.57 0.56 0.56 0.65 0.66 0.66 0.66 0.66 0.66
ICompression 0.30 0.30 0.30 0.57 0.57 0.57 1.01 1.01 1.01
Db4 [SNR 5.20 4.05 2.70 2.04 2.12 2.17 6.28 5.31 8.57
PSNR 0.59 0.59 0.58 0.59 0.60 0.60 0.69 0.69 0.70
ICompression 0.30 0.30 0.30 0.54 0.54 0.54 0.90 0.90 0.90
Db6 |SNR 5.02 4.65 4.76 5.03 5.37 5.25 14.00 6.64 5.36
PSNR 0.57 0.57 0.57 0.60 0.60 0.61 0.68 0.68 0.67
ICompression 0.29 0.29 0.29 0.51 0.51 0.51 0.83 0.83 0.83
Db8 [SNR 6.84 5.46 5.74 3.08 3.46 3.64 5.24 4.72 6.70
PSNR 0.52 0.53 0.53 0.59 0.59 0.59 0.70 0.71 0.70
ICompression 0.29 0.29 0.29 0.49 0.49 0.49 0.75 0.75 0.75
Db10 SNR 4.44 3.06 7.49 3.61 3.13 3.00 5.45 5.10 4.00
PSNR 0.51 0.50 0.50 0.56 0.56 0.55 0.66 0.66 0.65
ICompression 0.28 0.28 0.28 0.47 0.47 0.47 0.70 0.70 0.70
Symlet 1 |SNR 6.42 6.51 4.36 6.07 6.64 6.52 6.04 5.59 5.03
PSNR 0.57 0.57 0.57 0.68 0.68 0.67 0.77 0.77 0.77
ICompression 0.31 0.31 0.31 0.59 0.59 0.59 1.08 1.08 1.08
Symlet 2 |SNR 3.09 3.03 5.54 5.47 4.86 6.41 247 2.33 2.76
PSNR 0.57 0.56 0.56 0.65 0.66 0.66 0.66 0.66 0.67
ICompression 0.30 0.30 0.30 0.57 0.57 0.57 1.01 1.01 1.01
Symlet 3 |SNR 5.64 7.39 5.23 2.60 2.50 2.36 4.31 4.36 5.78
PSNR 0.55 0.55 0.54 0.55 0.54 0.54 0.56 0.56 0.56
ICompression 0.30 0.30 0.30 0.56 0.56 0.56 0.95 0.95 0.95
Symlet 4 SNR 4.06 3.91 3.68 4.55 4.35 6.00 5.28 5.63 4.69
PSNR 0.50 0.51 0.51 0.67 0.67 0.67 0.64 0.64 0.65
ICompression 0.30 0.30 0.30 0.54 0.54 0.54 0.90 0.90 0.90
Symlet 5 SNR 4.27 8.91 4.74 3.08 3.11 3.49 4.67 5.52 3.89
PSNR 0.52 0.52 0.51 0.64 0.65 0.64 0.64 0.64 0.64
ICompression 0.29 0.29 0.29 0.53 0.53 0.53 0.87 0.87 0.87
Coiflet 1 SNR 3.62 5.83 4.21 3.29 3.41 3.18 5.35 4.45 5.45
PSNR 0.55 0.56 0.55 0.54 0.55 0.53 0.54 0.54 0.53
ICompression 0.30 0.30 0.30 0.56 0.56 0.56 0.95 0.95 0.95
Coiflet 2 [SNR 4.56 3.38 5.45 2.85 2.83 2.84 4.72 4.15 4.21
PSNR 0.58 0.58 0.58 0.65 0.65 0.66 0.66 0.66 0.66
ICompression 0.29 0.29 0.29 0.51 0.51 0.51 0.83 0.83 0.83
Coiflet 3 |SNR 2.67 4.43 5.00 1.78 1.84 1.78 4.18 3.60 4,93
PSNR 0.56 0.56 0.54 0.54 0.54 0.54 0.68 0.68 0.68
ICompression 0.28 0.28 0.28 0.48 0.48 0.48 0.73 0.73 0.73
Coiflet 4 SNR 10.21 5.56 6.83 2.26 2.27 2.93 4.00 3.97 5.30
PSNR 0.50 0.51 0.49 0.55 0.55 0.55 0.73 0.74 0.72
ICompression 0.28 0.28 0.28 0.45 0.45 0.45 0.64 0.64 0.64
Coiflet 5 SNR 3.85 5.12 3.88 6.19 5.50 4.26 3.48 3.65 3.42
PSNR 0.48 0.49 0.48 0.60 0.60 0.61 0.79 0.79 0.81
ICompression 0.27 0.27 0.27 0.42 0.42 0.42 0.59 0.59 0.59
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Signal-to-Noise Ratio : SNR

wa:g::w lszandaw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 [SNR 4.58 4.21 4.40 2.50 2.56 3.32 3.47 3.60 3.31
PSNR 0.51 0.51 0.52 0.57 0.57 0.57 0.53 0.54 0.53
ICompression 0.54 0.54 0.54 1.00 1.00 1.00 1.78 1.78 1.78
Db4 [SNR 6.29 4.07 5.26 2.79 2.94 2.55 2.56 2.40 2.97
PSNR 0.42 0.42 0.42 0.60 0.60 0.60 0.53 0.53 0.52
ICompression 0.53 0.53 0.53 0.95 0.95 0.95 1.58 1.58 1.58
Db6 [SNR 4.04 4.73 4.77 5.86 5.66 5.48 4.12 4.37 3.96
PSNR 0.55 0.56 0.56 0.52 0.53 0.51 0.61 0.61 0.60
ICompression 0.52 0.52 0.52 0.91 0.91 0.91 1.46 1.46 1.46
Db8 [SNR 6.05 7.86 7.88 3.04 3.47 3.10 3.58 3.47 4.03
PSNR 0.50 0.50 0.50 0.58 0.58 0.57 0.62 0.62 0.61
ICompression 0.51 0.51 0.51 0.87 0.87 0.87 1.33 1.33 1.33
Db10 SNR 8.04 6.37 3.71 2.83 2.86 3.19 2.88 2.72 3.28
PSNR 0.46 0.46 0.46 0.44 0.44 0.44 0.60 0.60 0.60
ICompression 0.50 0.50 0.50 0.83 0.83 0.83 1.24 1.24 1.24
Symlet 1 |SNR 4.33 5.55 5.51 5.39 6.97 5.06 3.86 4.28 3.97
PSNR 0.53 0.52 0.53 0.57 0.57 0.57 0.61 0.61 0.62
ICompression 0.54 0.54 0.54 1.04 1.04 1.04 1.90 1.90 1.90
Symlet 2 |SNR 4.58 10.30 5.24 2.50 2.57 3.27 3.47 3.83 3.30
PSNR 0.51 0.51 0.52 0.57 0.56 0.57 0.53 0.53 0.53
ICompression 0.54 0.54 0.54 1.00 1.00 1.00 1.78 1.78 1.78
Symlet 3 |SNR 5.66 4.66 5.25 5.44 4.27 7.44 2.92 2.87 3.35
PSNR 0.53 0.53 0.53 0.45 0.44 0.45 0.50 0.50 0.50
ICompression 0.53 0.53 0.53 0.99 0.99 0.99 1.68 1.68 1.68
Symlet 4 SNR 6.41 4.80 4.69 4.74 4.93 9.49 4.18 4.10 3.89
PSNR 0.51 0.51 0.51 0.64 0.64 0.63 0.60 0.61 0.60
ICompression 0.53 0.53 0.53 0.95 0.95 0.95 1.58 1.58 1.58
Symlet 5 SNR 7.81 7.09 3.63 1.46 1.49 1.54 3.15 3.36 2.63
PSNR 0.50 0.49 0.50 0.65 0.64 0.64 0.59 0.59 0.58
ICompression 0.52 0.52 0.52 0.94 0.94 0.94 1.54 1.54 1.54
Coiflet 1 SNR 6.00 4.85 5.83 3.08 3.04 3.54 1.31 1.31 1.37
PSNR 0.49 0.49 0.49 0.54 0.54 0.53 0.49 0.50 0.50
ICompression 0.53 0.53 0.53 0.99 0.99 0.99 1.68 1.68 1.68
Coiflet 2 SNR 4.43 5.10 5.50 3.37 4.62 3.93 3.81 3.85 3.95
PSNR 0.50 0.49 0.51 0.52 0.52 0.53 0.59 0.59 0.59
ICompression 0.52 0.52 0.52 0.91 0.91 0.91 1.46 1.46 1.46
Coiflet 3 |SNR 2.44 3.88 4.73 7.32 5.31 4.23 4.99 4.88 4.96
PSNR 0.47 0.47 0.48 0.46 0.46 0.46 0.50 0.50 0.49
ICompression 0.51 0.51 0.51 0.85 0.85 0.85 1.30 1.30 1.30
Coiflet 4 SNR 3.49 6.60 2.78 2.25 2.12 1.91 4.08 4.14 5.27
PSNR 0.48 0.47 0.45 0.58 0.58 0.57 0.59 0.59 0.61
ICompression 0.49 0.49 0.49 0.79 0.79 0.79 1.14 1.14 1.14
Coiflet 5 SNR 2.97 5.84 4.82 3.48 3.32 4.51 4.66 4.69 4.28
PSNR 0.40 0.40 0.40 0.48 0.48 0.49 0.66 0.67 0.67
ICompression 0.48 0.48 0.48 0.75 0.75 0.75 1.04 1.04 1.04
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Signal-to-Noise Ratio : SNR

wa:g::w lszandaw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 6.54 4.58 9.57 2.54 2.42 2.23 5.51 4.64 4.54
PSNR 0.65 0.65 0.64 0.74 0.75 0.76 0.87 0.87 0.87
ICompression 0.97 0.97 0.97 1.79 1.79 1.79 3.16 3.16 3.16
Db4 SNR 5.37 5.08 3.54 4.53 9.01 4.06 2.95 2.97 2.98
PSNR 0.59 0.59 0.59 0.75 0.75 0.75 0.73 0.73 0.73
ICompression 0.95 0.95 0.95 1.70 1.70 1.70 2.81 2.81 2.81
Db6 |SNR 5.36 4.80 4.46 2.74 2.55 3.55 5.04 7.30 3.70
PSNR 0.60 0.59 0.59 0.68 0.68 0.69 0.84 0.84 0.84
ICompression 0.93 0.93 0.93 1.62 1.62 1.62 2.60 2.60 2.60
Db8 SNR 2.75 1.75 2.14 4.26 4.05 3.79 3.80 4.60 4.11
PSNR 0.67 0.67 0.68 0.79 0.80 0.80 0.74 0.74 0.73
ICompression 0.91 0.91 0.91 1.55 1.55 1.55 2.36 2.36 2.36
Db10 [SNR 4.96 2.93 4.82 4.60 5.02 4.51 6.70 4.43 4.85
PSNR 0.70 0.70 0.69 0.69 0.69 0.68 0.79 0.78 0.79
ICompression 0.90 0.90 0.90 1.48 1.48 1.48 2.21 2.21 2.21
Symlet 1 SNR 6.30 3.11 6.24 1.98 2.04 2.38 7.64 6.24 4.84
PSNR 0.65 0.65 0.64 0.67 0.67 0.67 0.78 0.80 0.77
ICompression 0.98 0.98 0.98 1.85 1.85 1.85 3.36 3.36 3.36
Symlet 2 |SNR 6.54 10.86 8.69 2.54 2.62 2.33 5.51 4.10 4.43
PSNR 0.65 0.65 0.64 0.74 0.73 0.75 0.87 0.87 0.87
ICompression 0.97 0.97 0.97 1.79 1.79 1.79 3.16 3.16 3.16
Symlet 3 SNR 4.85 4.12 5.50 3.25 3.36 3.68 4.17 4.10 3.46
PSNR 0.65 0.65 0.65 0.70 0.70 0.71 0.72 0.72 0.72
ICompression 0.96 0.96 0.96 1.76 1.76 1.76 2.98 2.98 2.98
Symlet 4 SNR 5.78 4.52 5.74 3.60 3.93 5.89 5.61 6.44 4.32
PSNR 0.67 0.67 0.64 0.82 0.81 0.82 0.85 0.85 0.85
ICompression 0.95 0.95 0.95 1.70 1.70 1.70 2.81 2.81 2.81
Symlet 5 SNR 3.09 3.25 4.56 6.93 4.04 4.48 5.22 6.76 5.69
PSNR 0.60 0.60 0.59 0.71 0.71 0.71 0.75 0.75 0.77
ICompression 0.94 0.94 0.94 1.67 1.67 1.67 2.74 2.74 2.74
Coiflet 1 SNR 5.83 7.72 2.95 2.57 3.00 2.48 2.03 2.02 2.15
PSNR 0.65 0.65 0.64 0.71 0.72 0.72 0.77 0.78 0.78
ICompression 0.96 0.96 0.96 1.76 1.76 1.76 2.98 2.98 2.98
Coiflet 2 SNR 4.64 4.83 5.70 3.16 3.11 7.25 9.38 7.66 8.30
PSNR 0.62 0.62 0.64 0.81 0.81 0.82 0.78 0.78 0.77
ICompression 0.93 0.93 0.93 1.62 1.62 1.62 2.60 2.60 2.60
Coiflet 3 [SNR 5.45 3.40 5.01 4.69 4.73 7.55 2.14 2.11 2.22
PSNR 0.62 0.63 0.63 0.80 0.80 0.79 0.77 0.76 0.77
ICompression 0.91 0.91 0.91 1.52 1.52 1.52 2.31 2.31 2.31
Coiflet 4 [SNR 4.77 3.85 8.15 3.68 3.81 7.00 6.14 5.90 5.12
PSNR 0.68 0.68 0.68 0.78 0.79 0.77 0.80 0.80 0.79
ICompression 0.88 0.88 0.88 1.42 1.42 1.42 2.04 2.04 2.04
Coiflet 5 [SNR 4.02 3.43 8.13 6.15 5.77 5.91 3.80 3.73 5.55
PSNR 0.69 0.69 0.70 0.73 0.73 0.72 0.78 0.78 0.78
ICompression 0.86 0.86 0.86 1.35 1.35 1.35 1.85 1.85 1.85
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Signal-to-Noise Ratio : SNR

wa:g::w lszandaw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 [SNR 2.64 6.44 5.61 5.17 6.15 9.36 2.54 2.64 2.69
PSNR 0.64 0.64 0.64 0.69 0.70 0.68 0.74 0.74 0.73
ICompression 0.74 0.74 0.74 1.37 1.37 1.37 2.40 2.40 2.40
Db4 [SNR 4.00 4.60 5.92 2.18 2.37 2.90 2.90 2.94 3.09
PSNR 0.71 0.72 0.68 0.67 0.67 0.68 0.62 0.62 0.63
ICompression 0.73 0.73 0.73 1.30 1.30 1.30 2.15 2.15 2.15
Db6 [SNR 2.75 2.39 4.21 7.02 7.47 3.19 6.78 7.72 7.10
PSNR 0.66 0.66 0.65 0.65 0.66 0.66 0.58 0.58 0.58
ICompression 0.71 0.71 0.71 1.24 1.24 1.24 1.98 1.98 1.98
Db8 [SNR 7.70 5.37 7.73 4.50 4.76 6.70 3.95 5.09 4.66
PSNR 0.73 0.74 0.73 0.69 0.70 0.69 0.59 0.59 0.60
ICompression 0.70 0.70 0.70 1.18 1.18 1.18 1.80 1.80 1.80
Db10 SNR 3.49 2.61 1.86 2.41 2.48 1.99 1.63 1.63 1.63
PSNR 0.70 0.71 0.69 0.64 0.64 0.66 0.61 0.60 0.61
ICompression 0.69 0.69 0.69 1.13 1.13 1.13 1.69 1.69 1.69
Symlet 1 |SNR 2.56 3.90 7.57 2.03 2.40 2.04 4.07 4.18 3.29
PSNR 0.67 0.68 0.68 0.64 0.63 0.64 0.89 0.90 0.89
ICompression 0.75 0.75 0.75 1.42 1.42 1.42 2.56 2.56 2.56
Symlet 2 |SNR 2.64 4.65 3.19 5.17 5.61 5.88 2.54 2.59 2.67
PSNR 0.64 0.64 0.64 0.69 0.68 0.67 0.74 0.74 0.73
ICompression 0.74 0.74 0.74 1.37 1.37 1.37 2.40 2.40 2.40
Symlet 3 |SNR 3.83 3.63 3.61 3.22 3.02 2.84 2.45 2.81 2.14
PSNR 0.64 0.64 0.63 0.67 0.67 0.66 0.75 0.75 0.75
ICompression 0.73 0.73 0.73 1.34 1.34 1.34 2.27 2.27 2.27
Symlet 4 SNR 3.85 2.45 4.49 4.38 5.10 5.07 1.70 1.67 1.68
PSNR 0.67 0.68 0.66 0.79 0.79 0.75 0.71 0.71 0.71
ICompression 0.73 0.73 0.73 1.30 1.30 1.30 2.15 2.15 2.15
Symlet 5 SNR 2.53 3.15 2.65 2.06 1.92 1.72 7.87 6.46 4.52
PSNR 0.72 0.72 0.72 0.69 0.68 0.67 0.75 0.76 0.74
ICompression 0.72 0.72 0.72 1.28 1.28 1.28 2.09 2.09 2.09
Coiflet 1 SNR 3.87 2.49 5.62 2.48 2.33 3.35 1.50 1.50 1.41
PSNR 0.64 0.65 0.65 0.57 0.58 0.57 0.62 0.63 0.63
ICompression 0.73 0.73 0.73 1.34 1.34 1.34 2.27 2.27 2.27
Coiflet 2 [SNR 4.15 4.03 4.01 3.56 5.75 6.35 2.60 2.70 2.62
PSNR 0.76 0.75 0.75 0.76 0.77 0.76 0.65 0.65 0.65
ICompression 0.71 0.71 0.71 1.24 1.24 1.24 1.98 1.98 1.98
Coiflet 3 |SNR 3.59 4.73 2.95 1.91 2.00 1.90 4.66 5.08 5.12
PSNR 0.70 0.69 0.68 0.62 0.62 0.63 0.65 0.64 0.66
ICompression 0.69 0.69 0.69 1.17 1.17 1.17 1.76 1.76 1.76
Coiflet 4 SNR 6.03 5.14 3.67 2.64 2.51 2.18 6.55 7.43 4.52
PSNR 0.69 0.69 0.68 0.71 0.72 0.73 0.79 0.80 0.80
ICompression 0.68 0.68 0.68 1.09 1.09 1.09 1.56 1.56 1.56
Coiflet 5 SNR 2.95 3.09 4.70 1.65 1.72 1.45 4.45 4.33 5.39
PSNR 0.66 0.66 0.66 0.60 0.60 0.60 0.71 0.72 0.73
ICompression 0.66 0.66 0.66 1.03 1.03 1.03 1.42 1.42 1.42
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Signal-to-Noise Ratio : SNR

wa:g::w szansnw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 [SNR 4.46 5.39 3.08 341 3.45 3.18 3.81 3.94 3.67
PSNR 0.38 0.38 0.39 0.57 0.57 0.56 0.57 0.57 0.57
ICompression 0.26 0.26 0.26 0.47 0.47 0.47 0.83 0.83 0.83
Db4 [SNR 5.43 8.09 4.37 2.84 2.81 3.06 4.75 3.71 3.51
PSNR 0.44 0.44 0.43 0.48 0.48 0.48 0.57 0.57 0.58
ICompression 0.25 0.25 0.25 0.45 0.45 0.45 0.74 0.74 0.74
Db6 [SNR 1.79 1.97 3.70 3.00 2.93 2.86 8.51 5.23 2.96
PSNR 0.39 0.40 0.40 0.46 0.46 0.46 0.52 0.51 0.53
ICompression 0.25 0.25 0.25 0.43 0.43 0.43 0.68 0.68 0.68
Db8 [SNR 2.10 2.14 6.76 4.85 4.84 5.92 2.50 2.44 2.43
PSNR 0.44 0.44 0.43 0.53 0.52 0.52 0.65 0.65 0.65
ICompression 0.24 0.24 0.24 0.41 0.41 0.41 0.62 0.62 0.62
Db10 SNR 5.42 4.96 3.07 5.83 6.37 5.40 2.88 3.04 291
PSNR 0.39 0.38 0.37 0.54 0.54 0.53 0.52 0.53 0.53
ICompression 0.24 0.24 0.24 0.39 0.39 0.39 0.58 0.58 0.58
Symlet 1 |SNR 2.31 2.75 2.60 4.39 4.08 4.60 3.52 3.38 3.29
PSNR 0.36 0.37 0.36 0.51 0.51 0.52 0.74 0.74 0.75
ICompression 0.26 0.26 0.26 0.49 0.49 0.49 0.88 0.88 0.88
Symlet 2 |SNR 4.46 5.44 4.34 3.41 3.31 3.18 3.81 3.86 3.72
PSNR 0.38 0.38 0.38 0.57 0.57 0.55 0.57 0.56 0.57
ICompression 0.26 0.26 0.26 0.47 0.47 0.47 0.83 0.83 0.83
Symlet 3 |SNR 8.04 3.81 2.37 8.39 5.11 3.50 7.66 4.49 8.18
PSNR 0.39 0.40 0.40 0.46 0.46 0.46 0.63 0.62 0.62
ICompression 0.25 0.25 0.25 0.47 0.47 0.47 0.78 0.78 0.78
Symlet 4 SNR 4.40 2.97 5.14 4.80 4.53 6.26 4.43 5.07 4.15
PSNR 0.37 0.37 0.36 0.53 0.53 0.52 0.65 0.65 0.65
ICompression 0.25 0.25 0.25 0.45 0.45 0.45 0.74 0.74 0.74
Symlet 5 SNR 4.07 4.45 3.97 1.37 1.35 1.45 5.33 6.06 3.49
PSNR 0.35 0.35 0.34 0.39 0.40 0.41 0.63 0.63 0.63
ICompression 0.25 0.25 0.25 0.44 0.44 0.44 0.72 0.72 0.72
Coiflet 1 SNR 2.73 2.41 1.93 3.73 4.28 5.36 1.94 1.95 2.06
PSNR 0.38 0.38 0.38 0.49 0.49 0.48 0.54 0.55 0.54
ICompression 0.25 0.25 0.25 0.47 0.47 0.47 0.78 0.78 0.78
Coiflet 2 SNR 2.26 3.06 3.03 5.46 6.01 5.27 3.40 3.88 3.03
PSNR 0.39 0.38 0.37 0.49 0.49 0.48 0.62 0.62 0.62
ICompression 0.25 0.25 0.25 0.43 0.43 0.43 0.68 0.68 0.68
Coiflet 3 |SNR 3.75 4.54 4.16 4.23 5.16 4.59 3.13 2.82 3.05
PSNR 0.42 0.42 0.42 0.45 0.45 0.46 0.62 0.61 0.62
ICompression 0.24 0.24 0.24 0.40 0.40 0.40 0.61 0.61 0.61
Coiflet 4 SNR 3.47 3.65 3.69 4.82 5.24 3.17 3.66 3.88 3.42
PSNR 0.42 0.42 0.41 0.50 0.50 0.50 0.57 0.56 0.56
ICompression 0.24 0.24 0.24 0.38 0.38 0.38 0.54 0.54 0.54
Coiflet 5 SNR 1.47 2.28 1.87 4.45 3.61 3.45 3.09 3.27 3.33
PSNR 0.37 0.38 0.37 0.44 0.43 0.43 0.68 0.69 0.67
ICompression 0.23 0.23 0.23 0.36 0.36 0.36 0.49 0.49 0.49
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Signal-to-Noise Ratio : SNR

wa:g::w szansnw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 [SNR 3.34 3.42 2.97 3.47 3.52 3.16 2.58 2.60 2.31
PSNR 0.26 0.26 0.27 0.31 0.31 0.31 0.41 041 0.40
ICompression 0.34 0.34 0.34 0.64 0.64 0.64 1.13 1.13 1.13
Db4 [SNR 3.17 3.23 6.83 2.35 2.23 3.07 1.39 1.44 1.48
PSNR 0.25 0.25 0.25 0.37 0.37 0.38 0.38 0.38 0.38
ICompression 0.34 0.34 0.34 0.61 0.61 0.61 1.01 1.01 1.01
Db6 [SNR 4.56 5.96 6.50 4.32 5.78 3.79 1.31 1.35 1.31
PSNR 0.28 0.28 0.28 0.31 0.32 0.31 0.40 041 0.40
ICompression 0.33 0.33 0.33 0.58 0.58 0.58 0.93 0.93 0.93
Db8 [SNR 2.28 2.06 1.86 6.43 6.72 4.99 3.96 4.18 3.10
PSNR 0.30 0.30 0.30 0.34 0.34 0.34 0.46 0.46 0.47
ICompression 0.32 0.32 0.32 0.55 0.55 0.55 0.84 0.84 0.84
Db10 SNR 7.04 4.28 5.27 3.95 2.84 3.18 2.02 2.07 1.95
PSNR 0.21 0.22 0.23 0.35 0.36 0.35 0.40 0.41 0.39
ICompression 0.32 0.32 0.32 0.53 0.53 0.53 0.79 0.79 0.79
Symlet 1 |SNR 2.37 1.75 2.06 4.12 5.05 7.35 4.54 4.40 4.12
PSNR 0.29 0.29 0.31 0.38 0.38 0.38 0.61 0.61 0.61
ICompression 0.35 0.35 0.35 0.66 0.66 0.66 1.21 1.21 1.21
Symlet 2 |SNR 3.34 1.81 4.31 3.47 4.72 3.44 2.58 2.61 2.24
PSNR 0.26 0.26 0.28 0.31 0.32 0.31 0.41 0.41 0.40
ICompression 0.34 0.34 0.34 0.64 0.64 0.64 1.13 1.13 1.13
Symlet 3 |SNR 4.70 3.75 7.03 4.41 9.26 5.98 3.19 3.28 3.01
PSNR 0.32 0.32 0.30 0.29 0.29 0.29 0.35 0.35 0.34
ICompression 0.34 0.34 0.34 0.63 0.63 0.63 1.07 1.07 1.07
Symlet 4 SNR 6.47 7.37 4.06 3.83 5.49 4.37 4.10 3.83 4.62
PSNR 0.29 0.30 0.31 0.34 0.34 0.35 0.42 0.42 0.42
ICompression 0.34 0.34 0.34 0.61 0.61 0.61 1.01 1.01 1.01
Symlet 5 SNR 4.21 6.78 4.02 4.53 10.80 3.59 2.82 2.82 2.52
PSNR 0.30 0.29 0.29 0.55 0.56 0.55 0.46 0.46 0.45
ICompression 0.33 0.33 0.33 0.60 0.60 0.60 0.98 0.98 0.98
Coiflet 1 SNR 2.46 3.46 4.16 2.79 2.87 2.69 0.72 0.73 0.69
PSNR 0.27 0.27 0.27 0.36 0.36 0.35 0.31 0.31 0.30
ICompression 0.34 0.34 0.34 0.63 0.63 0.63 1.07 1.07 1.07
Coiflet 2 SNR 6.53 5.54 6.92 5.05 5.45 3.67 2.89 2.65 2.70
PSNR 0.31 0.31 0.32 0.32 0.32 0.32 0.41 041 0.41
ICompression 0.33 0.33 0.33 0.58 0.58 0.58 0.93 0.93 0.93
Coiflet 3 |SNR 2.66 2.55 2.13 4.01 4.52 4.52 4.56 4.30 4.12
PSNR 0.32 0.31 0.32 0.36 0.37 0.35 0.45 0.47 0.46
ICompression 0.32 0.32 0.32 0.54 0.54 0.54 0.82 0.82 0.82
Coiflet 4 SNR 2.99 3.77 3.15 2.70 241 3.42 6.04 6.30 5.68
PSNR 0.34 0.35 0.35 0.41 0.41 0.42 0.51 0.51 0.50
ICompression 0.31 0.31 0.31 0.50 0.50 0.50 0.73 0.73 0.73
Coiflet 5 SNR 2.62 2.97 3.16 5.86 7.73 3.89 4.94 5.02 5.17
PSNR 0.29 0.29 0.31 0.39 0.38 0.40 0.44 0.43 0.42
ICompression 0.31 0.31 0.31 0.48 0.48 0.48 0.66 0.66 0.66
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Signal-to-Noise Ratio : SNR

wa:g::w lszandaw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 4.86 4.07 3.58 3.87 3.65 331 6.64 6.37 8.01
PSNR 0.59 0.60 0.57 0.63 0.63 0.65 0.72 0.72 0.72
ICompression 0.40 0.40 0.40 0.75 0.75 0.75 1.34 1.34 1.34
Db4 SNR 4.23 5.03 5.32 3.09 3.54 3.76 5.07 5.08 5.57
PSNR 0.60 0.60 0.62 0.67 0.68 0.68 0.66 0.66 0.67
ICompression 0.40 0.40 0.40 0.72 0.72 0.72 1.19 1.19 1.19
Db6 |SNR 5.90 5.39 8.01 3.93 3.35 4.07 3.32 3.40 3.44
PSNR 0.63 0.63 0.62 0.62 0.63 0.63 0.60 0.60 0.61
ICompression 0.39 0.39 0.39 0.68 0.68 0.68 1.10 1.10 1.10
Db8 SNR 3.00 3.34 4.44 4.55 5.67 4.62 3.57 3.71 4.52
PSNR 0.60 0.59 0.61 0.59 0.59 0.59 0.67 0.67 0.68
ICompression 0.38 0.38 0.38 0.65 0.65 0.65 1.00 1.00 1.00
Db10 SNR 2.88 2.85 3.47 5.76 7.02 5.95 2.42 2.33 2.17
PSNR 0.61 0.61 0.60 0.59 0.58 0.59 0.66 0.66 0.67
ICompression 0.38 0.38 0.38 0.62 0.62 0.62 0.93 0.93 0.93
Symlet 1 |SNR 4.80 8.89 3.13 4.00 8.66 3.74 6.53 6.96 6.60
PSNR 0.60 0.59 0.58 0.68 0.69 0.69 0.96 0.96 0.96
ICompression 0.41 0.41 0.41 0.78 0.78 0.78 1.43 1.43 1.43
Symlet 2 SNR 4.86 6.17 5.00 3.87 4.82 3.33 6.64 6.66 7.63
PSNR 0.59 0.60 0.57 0.63 0.63 0.64 0.72 0.72 0.72
ICompression 0.40 0.40 0.40 0.75 0.75 0.75 1.34 1.34 1.34
Symlet 3 SNR 5.76 4.17 6.87 2.72 2.70 3.23 6.00 541 4.64
PSNR 0.62 0.63 0.63 0.62 0.63 0.63 0.73 0.73 0.73
ICompression 0.40 0.40 0.40 0.74 0.74 0.74 1.26 1.26 1.26
Symlet 4 SNR 4.67 4.24 6.07 2.60 2.36 2.32 3.28 3.16 3.83
PSNR 0.56 0.58 0.56 0.64 0.64 0.65 0.73 0.73 0.73
ICompression 0.40 0.40 0.40 0.72 0.72 0.72 1.19 1.19 1.19
Symlet 5 SNR 2.32 2.09 3.32 6.13 5.19 3.92 5.60 5.89 5.49
PSNR 0.60 0.60 0.61 0.70 0.71 0.71 0.78 0.78 0.78
ICompression 0.39 0.39 0.39 0.70 0.70 0.70 1.16 1.16 1.16
Coiflet 1 SNR 4.09 2.96 4.97 5.96 6.18 2.94 3.33 3.47 3.11
PSNR 0.57 0.57 0.56 0.56 0.57 0.56 0.63 0.63 0.63
ICompression 0.40 0.40 0.40 0.74 0.74 0.74 1.26 1.26 1.26
Coiflet 2 SNR 5.07 3.56 5.04 3.02 3.10 3.05 6.77 6.84 5.97
PSNR 0.60 0.60 0.60 0.67 0.68 0.68 0.67 0.67 0.67
ICompression 0.39 0.39 0.39 0.68 0.68 0.68 1.10 1.10 1.10
Coiflet 3 [SNR 2.93 2.71 3.85 3.50 3.81 2.71 2.96 3.23 3.53
PSNR 0.62 0.62 0.63 0.68 0.68 0.67 0.80 0.81 0.81
ICompression 0.38 0.38 0.38 0.64 0.64 0.64 0.98 0.98 0.98
Coiflet 4 [SNR 3.88 3.18 3.25 8.97 4.32 4.59 8.15 5.39 3.96
PSNR 0.62 0.62 0.63 0.63 0.63 0.64 0.75 0.75 0.74
ICompression 0.37 0.37 0.37 0.60 0.60 0.60 0.86 0.86 0.86
Coiflet 5 [SNR 3.85 3.50 3.18 5.43 6.90 4.84 2.64 2.89 2.84
PSNR 0.63 0.64 0.63 0.58 0.58 0.60 0.70 0.70 0.71
ICompression 0.36 0.36 0.36 0.56 0.56 0.56 0.78 0.78 0.78
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Signal-to-Noise Ratio : SNR

wa:g::w lszandaw széiuf 1 széiuf 2 széiufl 3
zero noise | wiener | zero noise | wiener | zero noise | wiener

Db2 SNR 4.29 5.19 6.02 5.78 5.23 5.56 2.47 2.46 2.39
PSNR 1.07 1.07 1.07 1.15 1.15 1.17 1.27 1.28 1.28
ICompression 0.71 0.71 0.71 1.32 1.32 1.32 2.34 2.34 2.34
Db4 SNR 3.98 2.84 3.74 3.99 7.75 3.57 4.93 5.05 4.57
PSNR 1.06 1.07 1.06 1.02 1.02 1.03 1.05 1.05 1.06
ICompression 0.70 0.70 0.70 1.26 1.26 1.26 2.09 2.09 2.09
Db6 |SNR 3.40 4.53 4.59 5.49 5.43 4.75 3.27 3.47 3.06
PSNR 1.09 1.09 1.11 1.14 1.15 1.14 1.13 1.13 1.13
ICompression 0.69 0.69 0.69 1.20 1.20 1.20 1.93 1.93 1.93
Db8 SNR 5.89 4.30 6.63 5.04 5.16 4.40 2.61 2.58 3.04
PSNR 1.14 1.14 1.15 1.10 1.11 1.09 1.18 1.18 1.17
ICompression 0.67 0.67 0.67 1.14 1.14 1.14 1.75 1.75 1.75
Db10 [SNR 2.06 1.64 3.11 3.49 4.01 3.28 5.33 4.97 3.89
PSNR 1.21 1.21 1.20 1.13 1.13 1.12 1.24 1.24 1.24
ICompression 0.66 0.66 0.66 1.09 1.09 1.09 1.64 1.64 1.64
Symlet 1 |SNR 2.18 2.22 2.72 5.29 7.33 4.19 4.07 4.59 4.04
PSNR 1.11 1.11 1.10 1.08 1.08 1.07 1.46 1.47 1.46
ICompression 0.72 0.72 0.72 1.37 1.37 1.37 2.49 2.49 2.49
Symlet 2 |SNR 4.29 4.44 5.19 5.78 4.90 5.77 247 243 2.39
PSNR 1.07 1.07 1.07 1.15 1.16 1.17 1.27 1.27 1.28
ICompression 0.71 0.71 0.71 1.32 1.32 1.32 2.34 2.34 2.34
Symlet 3 SNR 4.39 3.95 4.88 1.16 1.03 1.23 8.46 6.34 9.19
PSNR 1.15 1.15 1.15 1.13 1.14 1.14 1.10 1.10 1.11
ICompression 0.71 0.71 0.71 1.30 1.30 1.30 2.21 2.21 2.21
Symlet 4 SNR 5.77 4.77 4.11 4.92 4.79 7.50 5.39 5.71 4.83
PSNR 1.12 1.12 1.12 1.15 1.15 1.15 1.23 1.22 1.23
ICompression 0.70 0.70 0.70 1.26 1.26 1.26 2.09 2.09 2.09
Symlet 5 SNR 3.67 7.59 3.18 5.47 11.12 6.19 3.22 3.28 3.02
PSNR 1945 1.15 1.13 1.04 1.04 1.04 1.17 1.17 1.16
ICompression 0.69 0.69 0.69 1.24 1.24 1.24 2.03 2.03 2.03
Coiflet 1 SNR 2.44 2.52 3.98 1.82 1.82 2.49 5.12 4.04 5.11
PSNR 1.13 1.13 1.13 1.18 1.18 1.17 1.13 1.14 1.14
ICompression 0.71 0.71 0.71 1.30 1.30 1.30 2.21 2.21 2.21
Coiflet 2 SNR 3.07 2.95 4.88 2.03 1.83 2.09 5.35 4.58 4.84
PSNR 1.11 1.10 1.12 1.05 1.05 1.05 1.23 1.22 1.24
ICompression 0.69 0.69 0.69 1.20 1.20 1.20 1.93 1.93 1.93
Coiflet 3 [SNR 3.05 4.65 5.11 7.60 5.84 5.21 4.34 4.34 4.54
PSNR 1.14 1.14 1.14 1.08 1.08 1.07 1.15 1.15 1.14
ICompression 0.67 0.67 0.67 1.13 1.13 1.13 1.71 1.71 1.71
Coiflet 4 [SNR 2.92 2.65 4.88 3.94 4.32 5.27 2.77 3.26 2.65
PSNR 1.19 1.19 1.19 1.14 1.14 1.12 1.21 1.21 1.20
ICompression 0.65 0.65 0.65 1.05 1.05 1.05 1.51 1.51 1.51
Coiflet 5 [SNR 2.75 3.47 8.37 6.14 5.33 4.49 3.08 3.15 3.47
PSNR 1.17 1.18 1.18 1.25 1.25 1.24 1.27 1.26 1.27
ICompression 0.63 0.63 0.63 0.99 0.99 0.99 1.37 1.37 1.37
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Comparison Efficiency of Speech Compression using
Wavelet Technique

Weerayuth Khunrattanasiri', Jakkree Srinonchat’

Signal Processing Research Laboratory
Department of Electronics and Telecommunication Engineering
Faculty of Engineering, Rajamangala University of Technology Thanyaburi
Pathumthani, Thailand, 12110

'weerayuth.k@rmutsb.ac.th

:j akkree.s@en.rmutt.ac.th

Abstract— The propose of speech compression is to reduce the
size of speech signal and maintain the quality of speech signal as
same as the original signal. Appropriate techmiques for
compression the speech signal is the most important. This paper
presents a comparison performance using discrete wavelet
transform techniques. There are many types in Discrete Wavelet
Transform (DWT). Daubechies, Symlet and Coiflets are utilized
to benchmark the performance of each others. The recorded
speech signals are analysed in time domain and frequency
domain. When apply the wavelet transform, there are two
compositions, low and high frequency. This research used only
the low frequencies. The recorded signal is compressed by DWT
to frequency domain. Then, a compressed signal is inverted
DWT back to speech signal in time domain. The original signal
and the compressed signal in time domain are compared to
calculate the error. The loss of speech signal was computed by
the Signal to Noise Ratio (SNR) and Peak Signal to Noise Ratio
(PSNR). The results showed that the Coiflet5 type has the best
performance SNR=34.12 dB in the first level and SNR=19.68 dB
in the second level. For the Daubechiesl, wavelet transform of
SNR and PSNR values were 1.45 dB for level 4 and 0.64 dB for
level 5 respectively.

Keywords— Speech Signal, Wavelet Analysis, Wavelet

Decomposition, Frequency Spectrum

1. INTRODUCTION

In speech signal processing, the amount of data analysed
require a long time process. To process audio signals faster, a

popular method is to reduce the size of the speech signal input.

The wavelet transform is a well-known technique for reducing
the size of speech signal. Currently, the wavelet transform has
a many types. Each type of wavelet has several levels. The
type of wavelet has a difference quality and difference
compression ratio. Shivesh Ranjan [l] introduced their
research in "A Discrete Wavelet Transform Based Approach
to Hindi Speech Recognition". The DWT and K-Mean method
were employed for the Hindi language recognition. Yan Long
et al. [2] presented “The Best wavelet base for speech signal”
to find the best wavelet from many types. Noman Junejo et al.
[3] researched on speech and image compression using DWT
to determine the efficiency of the wavelet.

Therefore, this research presents a performance comparison
of three types of wavelet transform in 5 levels in Thai
language. Afier the process, the suitable type of wavelet is
carried out for Thai speech signal processing. It also shows
the characteristics of the speech signal in time domain and
frequency domain.

II. PRINCIPLES OF DISCRETE WAVELET TRANSFORM
Al. Speech signal compression using wavelef.

The DWT consists of 2 stages. Firstly, the wavelet
decomposition splits a signal in time domain into two
coefficients as shown in Fig. 1 and 2. The speech coefficients
are derived into low and high frequency components which
contains of 50% each. Then each level of wavelet
compression will reduced the speech components 50% as
shown in Fig 2. This is the reason to increase the compression
ratio. Finally, the reconstruction process, the compressed
signal is converted it back to speech signal in time domain as

shown in Fig. 3

£ Filters D__
High-pass

Low-pass
Iil

Fig. 1 Wavelet Decomposition [9]

cAy [ 1]
Fig. 2 Coefficient of Wavelet Decomposition [9]
H H’

Reconstruction

Decomposition
Fig. 3 Wavelet Decomposition and Wavelet Reconstruction [9]

At present, DWT has been developed in various kinds. The
separation of the characteristics provides a Fortune Enable.
Each type of wavelet transform has different characteristics.
They can be separated out in Table I.
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TABLE T
Feature of wavelet types [1]

Symmetry | Orthogonal | Bi-orthogonal
Haar Y Y Y
Daubechies N Y Y
Coiflet N Y Y
Symlet N Y Y

A2. The efficiency of compression by using wavelet.

To determine the compression efficiency, the speech
signals can be tested for performance in several ways. The
distortion between the original signal and the reconstructed
signal in time domain is compared by SNR and PSNR in
equation (1) and (2) respectively. Then, the quality of the
speech signal from the compression and the error can be
computed for choosing the appropriate wavelet in speech
processing as described in equation (1) and equation (2).

1. Signal to Noise Ratio (SNR)

2
2
e

SNR =101log,, (1)

2. .
o, is the mean square of speech signal.

o‘j is the mean square difference between the original

and reconstructed signal [3].

2. Peak Signal to Noise Ratio (PSNR)
NX?

PSNR =10log,, ”—2
x — 7]

@

N is the length of the speech signal reconstruction.
X is the maximum of mean square of original signal.

2
|x - r” is the difference of energy between the original

signal and the reconstruction signal.

TI1. THE RESULTS OF COMPRESSED SIGNAL BY WAVELET.

In this experiment, the sound samples of 1 person were
recorded in five times used as the set of original data. The
mono sound was recorded at 8 kHz and data size of 8 bits. The
voice samples used in the experiment were "zero" in Thai
language. MATLAB® program was used to process and
compress the set of original speech signals. In the first step,
the original speech signals (as displayed in Fig. 4) were
removed of their DC components (DC-Coupling as presented
in Fig. 5) to the reference axis as described in equation (3).

~s(n) = s(n) — mean(s(n))
where s(n) is a speech signal input at n.

~s (n) is a speech signal output through pre-emphasis
process.

JICTEE
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1

0s

05 L L L 1 L 1
1} 1000 2000 3000 4000 5000 6000 7000

Tig. 4 A Original Speech Signal

E L L L L L
a 1000 2000 3000 4000 5000 6000 7000

Fig. 5 A Original Signal (in Fig.4) without DC-Component.
The signal is processed by pre-emphasis. To the Signal to

Noise Ratio was improved by the first order of digital filter,
H(z) as described in equation (4) and equation (5) [10].

H(z) =1-azZ"'
~s(n)=s(n)-as(n-1)

(G
(5)

a is the coefficient value of filter.
s(n - 1) is a speech signal input at n-1.

When the speech signals pass through pre-Emphasis
process, the SNR and PSNR of improved signal are higher
than the original signal as shown in Fig. 6. At this point, the
speech signal is ready to be imported through the process of
compression procedure.

1 T T T T T T

05

0

05

Kl L L L L L
a 1000 2000 3000 4000 5000 6000 7000

Fig. 6 Speech signal through Pre-Emphasis process.

In the process of speech signal processing, this article
presents the analysis of time domain and frequency domain. In
the time domain will know the details of the energy in various
periods to determine the distortion of the signal compared to
the original signal. In the frequency domain, Shows the
frequency of losses incurred in the process of compression.
This experiment used three types of wavelet such as
Daubechies, Symlet and Coiflets because they have the
similar properties. Each type of wavelet is analysed from level
1 to level 5. The original speech signals are passed through the
compression process. Then, they will be reversed back to
speech signal in time domain. Using the SNR, PSNR, the
compression performance is compared.
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Bl. Comparison of time efficiency.

From the experiment, the amplitude of the signal through
the wavelet transform at level 1 to level 3 of each type of
wavelet remain characteristic and amplitude similar to the
original signal which can be applied to the analysis of the data
However, the signal onset is any more distortion when using
compression rates higher. Loss of amplitude caused by
decomposition process of high-frequency and low frequency
of wavelet transform which reduced the amount of data.
Additionally, some elements of speech signal are missing. As
a result, wavelet transform from the forth level onwards of 3

type of wavelet is distorted from the original signal. Therefore,

it is not suitable for application to the data analysis such as
speech recognition, etc. The original speech signal and speech
signal through wavelet transform as shown in Fig 7 and Fig 8

1

L L L L '
0 1000 2000 3000 4000 5000 6000 7000

Fig. 7 The audio source adjusted before compression process.

level 1 A level 2

Approximate level 3

[ IR R )

Fig. 8 Speech signals from the back of the wavelet type Daubechies3 from
level 1 to 5 in the temporal domain

level 2

W0 mw =

level 4

W W 3 @ @ w W W A =

Fig. 9 Speech signals from the back of the wavelet type Symlet3 from level 1
103 in the temporal demain

level 2

level 1

e E N )

Approximate level 4

N

Fig. 10 Speech signals from the back of the wavelet type Coiflets3 from Level

1 to 5 in the temporal domain.

B2. Comparison of frequency efficiency.

The converting process is IDWT to transform them back to
speech signal from frequency analysis. The wavelet levels 1-3
loss at low frequency only slightly. The speech signal in the
process of returning the signal SNR and PSNR values were
significant. However, wavelet level 4 or above level has the
frequency components of the signal lower than levels 1-3.
Result is not suitable to be used in signal levels from 4
onwards is used. The Loss frequency of wavelet at different
levels is shown in Fig 11 to 13.
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11 Speech signals from the back of the wavelet type Daubechies3 from
levels | to 5 in the frequency domain.
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Fig. 12 Speech signals from the back of the wavelet type Symlet3 from level
1 to 5 in the frequency domain.
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I | : Fig. 17 The PSNR at level 3 from a compressed speech signal
o (Seconds) Teme (Seconce)
30
Fig. 13 Speech signals from the back of the wavelet type Coiflets3 from level
1 to 5 in the frequency domain. b3
L. . . 0
The original signal and the reconstructed signal were B
calculated to calculate of the SNR and PSNR in the three | * i 2y
s w1 _co
types of wavelet from level 1 to level 5 as shown in Figl4 to 10
Fig 19. .
o
35 | level1 level2 level3 levela levels
0 |
- | Fig. 18 The SNR at level 5 from a compressed speech signal.
20 T e
- s v | o
= sur_coll |
10
5 P so— —&—psr_db
: ———psnr_sym
o -~ ) ——psnr_coil
level1 level2 level3 leveld levels 0
0
Fig. 14 The SNR at level 1 from a compressed speech signal lovell level2 level3 leveld levels
Fig. 19 The PSNR at level 5 from a compressed speech signal.
65
60 e
= From experiments, the averaged SNR and PSNR of the
s0 + - speech signal made by wavelet compression were computed.
:; W par_db The speech types of same person 5 times were employed. The
= —rrm - average of SNR is shown in Table I1 and the average of PSNR
—8— psar_coif . .
30 is shown in Table 11T
25
n TABLE 1l
levell level2 Jeyald el leveiS The averaged SNR of the speech signal (test five times) in the same people
obtained from the wavelet in different levels
Fig. 15 The PSNR at level 1 from a compressed specch signal.
# v 2 - levell | level2 | level3 | level level5
17.06915 | 10.48913 | 5.16343
17.06915 [ 10.48913 | 5.16343
» 1 3 \\ % "N 24.30731]14.32587 | 6.04259 | 1.22553 | 0.36892
30 23.97452 | 14.11494 | 6.02365 | 1.22757 | 0.40935
23.97452 [14.11494 | 6.02365 | 1.22757 | 0.40935
25 31.01465 [ 17.55376 | 6.64992 | 0.91888 | 0.15552
28.18615[16.13170 | 6.40077 | 1.07274 | 0.24040
2 —#—snr_db 3 28.18615 [ 16.13170 | 6.40077 | 1.07274 | 0.24040
. A Gy 33.14128 | 18.75659 | 6.75712 | 0.73288 | 0.07455
30.73129] 17.36133 | 6.60803 | 0.93374 | 0.17588
10 ! 4 30.69981 | 17.37140 | 6.59407 | 0.95169 | 0.16128
33.83575 19,33362_ 0.62513 | 0.03367
s 32.14568 | 18.13305 | 6.68528 | 0.84339 | 0.11147
0 ‘ 5 32.03705]18.11078 | 6.66552 | 0.84390 | 0.11962
level1 level2 level3 leveld tevels 6.83441 | 0.56541 | 0.01855
Fig. 16 The SNR at level 3 from a compressed speech signal.
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5™ level provide the large distortion when compared to the [10] ENaowanich. “Thai Consonant Pronunciation Program for
original signal in time and frequency domain. This makes the Hearing-Impair Person Using Artificial Neural Network™,

Computer Science, Computer Science, King Mongkut’s
University of Technology North Bangkok, 2007.

speech signal is not suitable for adoption. The 1% to 3™ level

are selected to do the compression process. The Coiflets5 in
level 1 and level 2 provided the SNR=34,12055 and
SNR=19.67734 respectively which are the best value
compared to other types of wavelet. While, the level 4 and 5
of Daubechieslwavelet transform provided the highest
SNR=1.44994 and SNR=0.63803 respectively. The aim of this
experiment is to apply those techniques for speech
compression especially in data storage and telecommunication
system. The future work is to reduce the PCM signal from
64K to 13-16K for use in telephone communication systems.
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Abstract

The propose of speech compression is to reduce the
speech signal to low bit rate while maintain the quality of speech
signal as same as the original. Therefore the technique that uses to
compress the signal is so important. This article presents a
compatison performance of wavelet technique for speech
compression. The Daubechies, Symlet, and Coiflets wavelet

technique is selected to perform in this experiment. These techniques

have compressed each speech signal into five levels in condition of

il.ﬂ‘l‘]ll'ﬁ'l'ﬁ 12110 E-mail: jakkree.s@enrmutt.ac.th
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time domain and frequency domain analysis. However, the wavelet
technique is separated signal to be low and high frequencies section.
This experiment selected only the low frequency to process. Speech
signal is then decompressed and measuwred the quality of speech
using the Signal to Noise Ratio (SNR), Peak Signal to Noise Ratio
(PSNR). Also the compression rate is calculated. The results show
that Daubechies 3 level 2 provides 51.2578 dB of SNR and PSNR.
Also the Symlet] and Daubechies1 give 3.9978 of compression ratio.

Keywords: Speech Signal, Wavelet Analysis, Frequency Spectrum
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Abstract

The transmissfon of voice data is infended fo provide more data
to send that the same duration and speed of data transfer. One
of the compression techniques is a wavelet method. It can be
compressed  speech signal  both fossy and lossless
compression. Typically, the human speech signal consists of a
voice and unvoiced. This articte provides an idea to choose only
the transmission of voice for reducing the speech data. This
research wili be compared the performance between the original
speech signal and the compression speech signal. The
efficiency is calculated by using the SNR, PSNR and the
compression ratio for speech signal. The experimental results
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