Some examples of wavelet filter coefficients

Please note: Mathematica has a convention for normalizing filter coefficients which is different from
the one used in the lecture. The coefficients given in this notebook have to be multiplied by V2
und order to obtain the usual values. Note also that the positions of the filter coefficients are shifted.

ni= PS = {PlotStyle »
{Directive[Red, PointSize[Large]], Directive[Blue, PointSize[Large]l},
PlotRange -» All, Filling - Axis};

The Haar Filter (D2)

nei= D2 = WaveletFilterCoefficients]|
DaubechiesWavelet[1], {"PrimalLowpass", "PrimalHighpass"}];
D2 // MatrixForm

Out[3)//MatrixForm=

(0(:)5) (O%S)

los) (o5

z-Transform, Frequency response

4= Pp2[z_] = Sum[D2[[1, k+1, 2]] z*k, {k, ©, 1}]
outa= 0.5+0.5z

ns= P2lw_1 = p2[Exp[I w]]
ousl- 0.5 +0.5et®

ne= PLot[Abs[P2[w]], {w, 0, Pi}, Filling » Axis]
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Checking orthogonality

7= Abs[P2[w]]% + Abs[P2[w+ Pi]]2

ou- Abs[0.5+0.5e' ]+ Abs[0.5+0.5e! ) |7
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ing:= ComplexExpand[%]
out- 0.5 +0.5Cos[w]%2+0.5Sin[w]?

In[9]:= S'impl‘ify[%]
outigl= 1.
wio)- Plot[Abs[P2[w]]? + Abs[P2[w + Pi]]1%, {w, 0, Pi}]
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The D4 Filter

ni1= D4 = WaveletFilterCoefficients]
DaubechiesWavelet[2], {"PrimalLowpass", "PrimalHighpass"}];
D4 // MatrixForm

Out[11])//MatrixForm=

( 0.3401506 ) ( O.5911506 ) ( 0. 1528494 ) ( -0. 09315064 )

( —0.0_9?.5064 ) ( —0.5518494 ) ( 0.5901506 ) ( —0.32-11506 )

nii2p= Transpose[Map[Total[#] &, D4]1][[2]]
ourizi= {1., -5.55112 x 10717}

Scaling filter coefficients in red, wavelet filter coefficients in blue

ni13= ListPlot[D4, PS]
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z-Transform, Frequency response
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4= p4[z_] = Sum[D4[[1, k+1, 2]] z"k, {k, @, 3}]
oui4= 0.341506 + 0.591506 z + 0.158494 z2 - 0.0915064 z3

nis= P4[w_] = p4[EXp[TI w]]
ouis= 0.341506 + 0.591506 e ¥ + 0.158494 ¢21¥ - 0.0915064 e3¢

nite;= Plot[Abs[P4[w]], {w, ®, Pi}, Filling -» Axis]
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Checking orthogonality

w17~ ComplexExpand [Abs [P4[w]]? + Abs[P4[w + Pi]]?]

oui7= ©.233253 +0.69976 Cos[w]?+0.108253 Cos[2w] +0.1875 Cos[w] Cos[2w] +
.0251202 Cos[2w]?-0.0625Cos[3w] - 0.108253 Cos[w] Cos[3w] -

.0290064 Cos[2 w] Cos[3w] +0.00837341 Cos[3w]%+0.108253Cos[2 (n+w)] -
.1875Cos[w] Cos[2 (m+w)] +0.0251202 Cos[2 (r+w)]%2-0.0625Cos[3 (m+w)] +
.108253 Cos[w] Cos[3 (im+w)] -0.0290064 Cos[2 (m+w)] Cos[3 (m+w)] +
.00837341 Cos[3 (m+w)]?+0.69976 Sin[w]?+0.1875Sin[w] Sin[2w] +
.0251202 Sin[2w]%-0.108253 Sin[w] Sin[3 w] - 0.0290064 Sin[2w] Sin[3w] +
.00837341 Sin[3w]?-0.1875Sin[w] Sin[2 (m+w)] +

.0251202 Sin[2 (m+w)]%+0.108253Sin[w] Sin[3 (m+w)] -

.0290064 Sin[2 (m+w)] Sin[3 (m+w)] +0.00837341 Sin[3 (T +w) ]2

© 0 © © & © © ©

nper= Simplify [%]
ouiel= 1. +8.32667 x 10717 Cos[w]? - 8.32667x 10717 Sinjw]?

9= Chop [%]

out19l= 1.

The D6 Filter

ne2i- D6 = WaveletFilterCoefficients]|
DaubechiesWavelet[3], {"PrimalLowpass", "PrimalHighpass"}];
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ni22i= Transpose[D6] // MatrixForm

Out[22]//MatrixForm=

( 0.2305234 ) ( 0.027449087 )
( 0.5710558 ) ( O.06_034161 )
( 0.3225183 ) ( —0.0?9%4672 )
( —0.09354672 ) ( —0.?:215183 )
( —0.0:04161 ) ( 0.5700558 )
( 0 .024519087 ) ( -0 .2é5234 )

nzsi= Transpose[Map[Total[#] &, D6]1][[2]]
oups- {1., 8.32667x 107}

4= ListPlot[D6, PS]
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z-Transform, Frequency response

ni2s= p6[z_] = Sum[D6[[1, k+1, 2]] z*k, {k, O, 5}]
ouizsl- ©.235234 + 0.570558 z + 0.325183 z2 - 0.0954672 z3 - 0.0604161 z* + 0.0249087 z°

neel= P6[w_] = p6[EXp[Iw]]
ouizel- ©.235234 + 0.570558 e ¥ + ©0.325183 2 1¢ -
0.0954672 e31¥ - 0.0604161 ¥ + 0.0249087 > ¥



Plot[Abs[P6[w]], {w, O, Pi}, Filling - Axis]
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Checking orthogonality

ComplexExpand [Abs [P6[w]]* + Abs[P6[w + Pi]]?]

In[28]:=

.00475594 Sin[3
.000620446 Sin[5

w] Sin[5
w]? -

w] - 0.00300978 Sin[4w] Sin[5
0.371071 Sin[w] Sin[2 (n+w)] + 0.105744 Sin

w] +
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[2 (7T+w)]2+

ouel- 0.11067 + 0.651074 Cos[w]?+0.152988 Cos[2 w] +0.371071 Cos [w] Cos[2 w] +
0.105744 Cos[2 w]%2-0.0449142 Cos[3 w] - 0.108939 Cos[w] Cos[3 w] -
0.0620885Cos[2 w] Cos[3w] +0.00911399 Cos[3 w]?-0.0284238 Cos[4 w] -
0.0689418 Cos[w] Cos[4 w] -0.0392925Cos[2w] Cos[4w] +0.0115355Cos[3 w] Cos[4w] +
0.00365011 Cos[4w]?+0.0117188 Cos[5w] + 0.0284238 Cos[w] Cos[5w] +
0.0161998 Cos[2 w] Cos[5w] -0.00475594 Cos[3 w] Cos[5w] -
0.00300978 Cos[4 w] Cos[5w] +0.000620446 Cos[5w]?+0.152988 Cos[2 (n+w)] -
0.371071 Cos[w] Cos[2 (/r+w)] +0.105744 Cos[2 (m+w)]%-0.0449142 Cos[3 (n+w)] +
0.108939 Cos[w] Cos[3 (m+w)] -0.0620885Cos[2 (im+w)] Cos[3 (m+w) ] +
0.00911399 Cos[3 (n+w)]%2-0.0284238Cos[4 (m+w)] +0.0689418 Cos[w] Cos[4 (m+w)] -
0.0392925Cos[2 (m+w)] Cos[4 (m+w)] +0.0115355Cos[3 (m+w)] Cos[4 (m+w)] +
0.00365011Cos[4 (m+w)]?+0.0117188 Cos[5 (m+w)] - 0.0284238 Cos[w] COS[5 (m+w)] +
0.0161998 Cos[2 (ir+w)] Cos[5 (m+w)] -0.00475594 Cos[3 (r+w)] Cos[5 (m+w)] -
0.00300978 Cos[4 (m+w)] Cos[5 (mr+w)] +0.000620446 Cos[5 (r+w)]?
0.651074 Sin[w]%2+0.371071Sin[w] Sin[2w] +0.105744 Sin[2 w]? -
0.108939 Sin[w] Sin[3w] - 0.0620885 Sin[2w] Sin[3w] + 0.00911399 Sin[3w]?-
0.0689418 Sin[w] Sin[4 w] - ©0.0392925 Sin[2 w] Sin[4w] +0.0115355Sin[3 w] Sin[4 w] +
0.00365011Sin[4w]?+0.0284238 Sin[w] Sin[5w] +0.0161998 Sin[2w] Sin[5w] -
0
0
0
0
0
0
0
0

- Simplify[%]
1.-5.55112%x1071" Cos[w]3+1.38778x 1071 Cos[w]*
1.66533x 107 %% Cos[w] Sin[w]?+1.38778x10717 Sin[w]*-

Out[29]=

.108939 Sin[w] Sin[3 (;T+w)] -0.0620885Sin[2 (;+w)] Sin[3 (T+w)] +
.00911399 SiNn[3 (m+w)]%+0.0689418 Sinfw] Sin[4 (m+w)] -

.0392925 Sin[2 (7T+w)] Sin[4 (r+w)] +0.0115355S9n[3 (;T+w)] Sin[4 (T+w)] +
.00365011Sin[4 (n+w)]%-0.0284238 Sin[w] Sin[5 (m+w)] +

.0161998 Sin|[2 (ﬂ+w)] Sin[5 (m+w)] -0.00475594 Sin[3 (;r+w)] Sin[5 (m+w)] -
.00300978 Sin[4 (n+w)] Sin[5 (T+w)] + 0.000620446 Sin[5 (7 +w) ]2

2.08167 x 107 Sin[2 w]?
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inzo= Chop [%]
1.

Out[30]=

The D8 Filter

nii= D8 = WaveletFilterCoefficients[

DaubechiesWavelet[4], {"PrimalLowpass", "PrimalHighpass"}];

2= Transpose[D8] // Ma
Out[32]//MatrixForm=

(
( )

0
0.162902
1
0.505473
(o.4461)
0.4461
3
-0.0197875
4
-0.132254
l0.0218082
0.0218082
6
0.0232518

( )

-0.00749349

)
)

(
(

( )

(

trixForm

-6

(
(

-0.00749349
—0.0522518
_4)
(0.152254)
—0.0137875
-0.4461
(0.5é2473>
52902

0.0218082
| 0.aa61
-0.162902

)
)

)

n3s= Transpose[Map[Total[#] &, D8]1]1[[2]]

ous= {1., 8.60423 x1071°}

nz4= ListPlot[D8, PS]
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z-Transform, Frequen

cy response

nesi- p8[z_1 = Sum[D8[[1, k+1, 2]] z "k, {k, 0, 7}]

ouzs- 0.162902 + 0.505473 z + 0.4461 z°> - 0.0197875 z3 -
0.132254z* +0.0218082 z°> + 0.0232518 z° - 0.00749349 z”’

ingel= P8[w_] = pS[EXp[I w]

1

ouzel- 0.162902 + 0.505473 ¥ + 0.4461 e?'¥ - 0.0197875 e3¢ -

0.132254¢*'% +0.0218082 1%+ 0.0232518 e®'¥ - 0.00749349 7 1 ¢



out[37]=

In[38]:=

Out[38]=

Plot[Abs[P8[w]], {w, O, Pi}, Filling - Axis]
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Checking orthogonality

ComplexExpand [Abs [P8[w]]* + Abs [P8[w + Pi]]?]

0.0530739 + 0.511006 Cos[w]? +0.145341 Cos[2 w] +0.450983 Cos [w] Cos[2 w] +
.199005 Cos[2 w]% - 0.00644684 Cos[3 w] - 0.0200041 Cos[w] Cos[3w] -
.0176544 Cos[2 w] Cos[3 w] +0.000391546 Cos[3 w]? - 0.0430887 Cos[4w] -
.133701 Cos[w] Cos[4w] -0.117997 Cos[2w] Cos[4w] +0.00523394 Cos[3 w] Cos[4w] +
.017491 Cos[4w]%+0.00710517 Cos[5w] + 0.0220469 Cos [w] Cos[5w] +
.0194572 Cos[2 w] Cos[5w] - 0.000863058 Cos[3 w] Cos[5w] -
.00576841 Cos[4 w] Cos[5w] +0.000475595 Cos[5w]? +0.00757552 Cos[6 w] +
.0235063 Cos[w] Cos[6w] +0.0207453 Cos[2 w] Cos[bw] -
.000920191 Cos[3 w] Cos[6w] -0.00615027 Cos[4w] Cos[bw] +
.00101416 Cos[5w] Cos[6w] +0.000540646 Cos[6w]? - 0.00244141 Cos[7 w] -
.00757552 Cos[w] Cos[7Tw] -0.0066857 Cos[2w] Cos[Tw] +
.000296555 Cos[3 w] Cos[7Tw] +0.00198208 Cos[4 w] Cos [T w] -
.000326839 Cos[5w] Cos[Tw] -0.000348474 Cos[6w] Cos[Tw] +
.0000561525 Cos[7 w]? +0.145341 Cos[2 (+w)] -0.450983 Cos[w] Cos[2 (m+w)] +
.199005 Cos[2 (m+w)]%-0.00644684 Cos([3 (m+w)] +0.0200041 Cos[w] Cos[3 (m+w)] -
.0176544 Cos[2 (m+w)] Cos[3 (r+w)] +0.000391546 Cos[3 (r+w)]?%-
.0430887 Cos[4 (m+w)] +0.133701 Cos[w] Cos[4 (m+w)] -
.117997 Cos[2 (m+w) ] Cos[4 (m+w)] +0.00523394 Cos[3 (ir+w)] Cos[4 (m+w)] +
.017491 Cos[4 (m+w)]%+0.00710517 Cos[5 (m+w)] - 0.0220469 Cos[w] Cos[5 (m+w)] +
.0194572 Cos[2 (n+w)] Cos[5 (m+w)] - 0.000863058 Cos[3 (r+w)] Cos[5 (m+w)] -
.00576841 Cos[4 (n+w)] Cos[5 (m+w)] +0.000475595 Cos[5 (1 +w)]?+
.00757552 Cos [6 (m+w)] -0.0235063 Cos[w] Cos[6 (m+w)] +
.0207453 Cos[2 (m+w)] Cos[6 (m+w)] -0.000920191 Cos[3 (mr+w)] Cos[6 (m+w)] -
.00615027 Cos[4 (m+w)] Cos[6 (m+w)] +0.00101416 Cos[5 (m+w)] Cos[6 (m+w)] +
.000540646 Cos[6 (m+w)]?-0.00244141Cos[7 (m+w)] +
.00757552 Cos[w] Cos[7 (m+w)] -0.0066857 Cos[2 (m+w)] CosS[7 (m+w)] +
.000296555 Cos[3 (im+w)] CosS[7 (m+w)] +0.00198208 Cos[4 (n+w)] Cos[T (m+w)] -
.000326839 Cos[5 (m+w)] Cos[7 (m+w)] -0.000348474 Cos[6 (m+w)] CosS[7 (m+w)] +
.0000561525 Cos[7 (m+w)]2+0.511006 Sin[w]?+0.450983 Sin[w] Sin[2w] +
.199005 Sin[2 w]?-0.0200041 Sin[w] Sin[3w] - 0.0176544 Sin[2w] Sin[3w] +

©O O © © O O © ©O © O O O O O O O© O O O O OO O oo oo O o o oo

.000391546 Sin[3w]? -

0.133701 Sin[w] Sin[4

w] -0.117997 Sin[2 w] Sin[4

w] +
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.00523394 Sin[3w] Sin[4w] + 0.017491 Sin[4 w]? + 0.0220469 Sin[w] Sin[5w] +
.0194572 Sin[2 w] Sin[5w] - 0.000863058 Sin[3w] Sin[5w] -
.00576841 Sin[4 w] Sin[5w] +0.000475595 Sin[5w]2+0.0235063 Sin[w] Sin[6w] +
.0207453 Sin[2 w] Sin[6w] - 0.000920191 Sin[3w] Sin[6w] -
.00615027 Sin[4 w] Sin[6w] +0.00101416 Sin[5w] Sin[6w] +
.000540646 Sin[6w]? - 0.00757552 Sin[w] Sin[7w] - 0.0066857 Sin[2w] Sin[7 w] +
000296555 Sin[3w] Sin[7 w] + 0.00198208 Sin[4 w] Sin[7 w] -
.000326839 Sin[5w] Sin[7 w] - 0.000348474 Sin[6w] Sin[7 w] +
0000561525 Sin[7 w]? - 0.450983 Sin[w] Sin[2 (r+w)] +
.199005 Sin[2 (7r+w)]2+0.020004l Sinfw] Sin[3 (m+w)] -
.0176544 Sin[2 (m+w)] Sin[3 (n+w)] +0.000391546 Sin[3 (+w) ]2+
.133701 Sin[w] Sin[4 (m+w)] - 0.117997 Sin[2 (m+w)] Sin[4 (m+w)] +
n

] -
.00523394 Sin[3 (m+w)] Sin[4 (m+w)] +0.017491 Sin[4 (r+w)]?
]
[5

.0220469 Sin[w] Sin[5 (m+w)] +0.0194572 Sin[2 (r+w)] Sin[5 (m+w)] -
.000863058 Sin[3 (r+w)] Sin (m+w)] -0.00576841Sin[4 (m+w)] Sin[5 (m+w)] +
.000475595 Sin[5 (+w) ]2 -0.0235063 Sin[w] Sin[6 (m+w)] +

.0207453 Sin[2 (m+w)] Sin[6 (;T+w)] -0.000920191 Sin[3 +w)] Sin[6 (m+w)] -

.000540646 Sin[6 (n+w)]%+0.00757552 Sin[w] Sin[7 (r+w)] -
.0066857 Sin[2 (m+w)] Sin[7 (m+w)] +0.000296555 Sin[3
.00198208 Sin[4 (r+w)] SiN[7 (m+w)] - 0.000326839 Sin[5 (+w)] Sin[7 (T+w)] -
.000348474 Sin[6 (m+w)] Sin[7 (m+w)] + 0.0000561525 Sin[7 (T +w) ]2

]
(r
.00615027 Sin[4 (n+w)] SiN[6 (m+w)] +0.00101416 Sin[5 (mr+w)] SIn[6 (m+w)] +
)
(

T+w)] SIN[7 (m+w) ] +

© O © O © © O O © O O O O O O O O O O o o o

- Simplify[%]
ougel= 1. -1.11022x 10" Cos[2 w] - 6.59195x 1077 Cos[4 w] +
1.38778x 107" Cos[6w] +6.93889x 10718 Cos[7 w] -4.33681 x107%° Cos[11 w]

- Chop[%]

outi40l= 1.
The D20 Filter

- D20 = WaveletFilterCoefficients]|
DaubechiesWavelet[10], {"PrimalLowpass", "PrimalHighpass"}];



ni421= Transpose[D20] // MatrixForm

Qut[42]//MatrixForm=

(0.0128586)

0. 0658015
( 0. 0504833)
10
(70.0208296)
11
(0.0234849)
12
(0.60255022)
13
(70.0075895)
14
(0.000986663)
15
(0.00140884)
16
(—0.000484974)

(—0.0053?23545)

(0.000é261772)

[ o.57030x 10
-9.37921x10°¢

|
(
(
(
(
(
(
(

(
(

(

-18

-9.37921x10°°

-17

-0.0000661772

-16

-0.0000823545

-15 )

0.000484974
-14 )

0.00140884
-13

-0.000986663

-12 )
-0.0075895
-11 )
-0.00255022
(0.0£§2849)
(0.0532296)
_8 )
-0.0504833
,7 )
-0.0658015
(0.0§é%637)
(0.15:555)
(—O.i;LGGS)
(70.£;2819)
(0. 486814)
(—O.é;;788)
(0.1;2061)

88566 |
-0.0188586

)

|
)
)

ni43= Transpose[Map[Total[#] &, D20]][[2]]

outa= {1., 2.04697 x 1071}

filter-examples-17.nb | 9
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na4= ListPlot[D20, PS]
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z-Transform, Frequency response

nasj- p20[z_]1 = Sum[D20[[1, k+1, 2]1] z*k, {k, 0, 19}]

outasl- ©0.0188586 + 0.133061 z+ 0.372788 z2 + 0.486814 z3 + 0.198819 z* - 0.176668 z° -
0.138555 2%+ 0.0900637 z' + 0.0658015 z° - 0.0504833 z° - 0.0208296 z19 +
0.0234849 z'* + 0.00255022 z'? - 0.0075895 z'3 + 0.000986663 z1* + 0.00140884 z'° -
0.000484974 z'% - 0.0000823545 z!7 + 0.0000661772 z'8 - 9.37921 x 10°° z1°

n4el= P20[w_] = p20[Exp[I w]]

outeel- ©.0188586 + 0.133061 ' +0.372788e?1% +0.486814 3% +0.198819 e*1¥ -
0.176668 €® ¥ - 0.138555e%*“ + 0.0900637 e’ 1% +0.0658015 %1% -
0.0504833 %1% _-0.0208296 1%+ 0.0234849 ¢!11¥ 1+ 0,00255022 '?1¥ -
0.0075895 e3¢ + 0.000986663 e'*1¥ 1+ 0.00140884 !°1¥ - 0.000484974 0 iv
0.0000823545 "% 1 0.0000661772 1% _-9,37921 x 107 e1%1®

n471= Plot[Abs [P20[w]], {w, ®, Pi}, Filling » Axis]
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Out[47]=
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Checking orthogonality



o~ Plot[Abs[P20[w]]? + Abs[P20[w + Pi]1]?, {w, O, Pi}]

2.0

Out[48]=
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The C6 Filter

n49y= C6 = WaveletFilterCoefficients]

CoifletWavelet[1l], {"PrimalLowpass", "PrimalHighpass"}];

nis0= Transpose[C6] // MatrixForm

Out[50]//MatrixForm=
(—0.0gi4297
(0.£§g93)
(0.652859)
(0.2;El4l>

2
(—9.0514297

3
(—0.0116703

)
(

(
)
)|

-2
-0.0110703
-1
0.0514297

(0.2;2141)
—0.6%2859

(0.25893)
3
0.0514297

)

)

)

)

ns1= Transpose[Map[Total[#] &, C6]1][[2]]
oust= {1., 5.55112x 1077}

ns2= ListPlot[C6, PS]

0.
0.4
[ ]
¢ 0.2 ¢
Out[52]= L T E— , L - L [ L - T B - —
2 - : 1 o
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z-Transform, Frequency response
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nss= coif6[z_] = Sum[C6[[1, k+1, 2]] z"k, {k, O, 5}]
oussl- - 0.0514297 +0.23893 2z + 0.602859 z2 + 0.272141 z° - 0.0514297 z* - 0.0110703 z°

4= Coif6[w_]1 = c6[Exp[I w]]

outfs4]= C6 {ej ‘“}

nss= Plot[Abs[Coif6[w]], {w, O, Pi}, Filling -» Axis]

1‘0f
0.5}
Out[55]= P S S T
0.5 1.0 1.5 2.0 25 3.0
—0.5}
Checking orthogonality

nis6:= ComplexExpand [Abs [Coif6[w]]? +Abs[Coif6[w+Pi] ]2]
outfsel= C6 {ej “’} ’ic6 [@J‘l (rr+w) ] 2
7= Simplify [%]

ous7l= C6 {eﬁ “’} ’ic6 [eﬂ (rr+w) ] 2

8= Chop [%]

ouss c6[e'¥]? + c6[el ) ]

The C12 Filter

nise= C12 = WaveletFilterCoefficients[
CoifletWavelet[2], {"PrimalLowpass", "PrimalHighpass"}];



neor= Transpose[C12] // MatrixForm

Out[60}/MatrixForm=

( 0.017145876 ) (

( —0.9_2;3291 )

( 70.0;;6396 )

( 0.2;;021 )

( 0.5794682 )

( 0.291;1867 )

2

( -0.0540856 )

( —0.04320265 )
( 0.0127444 )

(0.00306788 )
0.00396788

( -0. 00612892 )

( -0. 0007509505 )

ne1= Transpose[Map[Total[#] &, C12]][[2]]

oupr= {1., -7.80626 x 1078

ne2;= ListPlot[C1l2, PS]

-6
~0.00050950
( -5
0.0012892
( 4
0.00396788
( -3
~0.0167444
( )
~0.0420265

( 0.054]6856
( 0 .2904867 )
( 7O.5$4682
( 0 .2723021 )
( 0.0436396

( 4
-0.0293201

5
( -0.0115876

J

0.6
0.4

021

5

)
)
)
)
)

)
)

)
)

)

-02F

z-Transform, Frequency response

nesj= coifl2[z_] = Sum[C1l2[[1, k+1, 2]] z"k, {k, O, 11}]
oues= 0.0115876 - 0.0293201 z - 0.0476396 z2 + 0.273021 z3 +

0.574682 z% + 0.294867 z° - 0.0540856 z° - 0.0420265 z" +
0.0167444 2% + 0.00396788 z° - 0.0012892 z1° - 0.000509505 z!*

filter-examples-17.nb | 13
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In[64]:=

out[64]=

In[65]:=

out[65]=

In[66]:=

out[66]=

Coifl2[w_] = coifl2[Exp[Iw]]

0.0115876 - 0.0293201 €'“ - 0.0476396 €?*“ +0.273021 31¥ +
0.574682 e*1¥ +0.294867 €°1“ - 0.0540856 ¢®'“ - 0.0420265e” 1 +
0.0167444 %1% + 0.00396788 e’ ¥ - 0.0012892 ¢'®1¥ - 0.000509505 e!tiv

Plot[Abs[Coifl2[w]], {w, O, Pi}, Filling » Axis]

1.0
08
06
04

0.2

T T T T [ T S T S L

L 0.5 1.0 1.5 2.0 25 3.0

Checking orthogonality

ComplexExpand [Abs[Coif12[w]]? + Abs[Coifl2[w+Pi]]?]

0.000268545 + 0.00171934 Cos [w]? - 0.00110406 Cos[2 w] + 0.0027936 Cos[w] Cos[2 w] +
.00226953 Cos[2 w]? +0.00632732 Cos[3w] -0.01601 Cos[w] Cos[3w] -

.0260132 Cos[2 w] Cos[3w] +0.0745405 Cos[3 w]?+0.0133184 Cos[4w] -

.0336995 Cos[w] Cos[4w] - 0.0547553 Cos[2w] Cos[4w] +0.313801 Cos[3w] Cos[4w] +
.33026 Cos[4w]? +0.0068336 Cos[5w] -0.0172911 Cos[w] Cos[5w] -

.0280947 Cos[2w] Cos[5w] +0.16101 Cos[3 w] Cos[5w] +0.33891 Cos[4w] Cos[5w] +
.0869467 Cos[5w]%-0.00125344 Cos[6w] +0.00317159 Cos[w] Cos[6 w] +

.00515323 Cos[2w] Cos[6w] —-0.029533 Cos[3w] Cos[6w] -

.0621641 Cos[4 w] Cos[6w] - 0.0318961 Cos[5w] Cos[6w] +0.00292525 Cos[6w]? -
.000973972 Cos [T w] + 0.00246444 Cos[w] Cos[7T w] + 0.00400425 Cos[2w] Cos[T w] -
.0229482 Cos[3 w] Cos[7w] -0.0483038 Cos[4w] Cos[7T w] -

.0247845 Cos[5w] Cos[T w] + 0.00454606 Cos[6w] Cos[7T w] +

.00176623 Cos[7 w]? +0.000388055 Cos[8w] - 0.000981897 Cos [w] Cos[8w] -
.00159539 Cos[2w] Cos[8w] +0.00914315 Cos[3 w] Cos[8w] +

.0192454 Cos[4 w] Cos[8w] +0.00987475 Cos[5w] Cos[8w] -

.00181126 Cos[6 w] Cos[8w] - 0.00140742 Cos[7 w] Cos[8 w] +

.000280375 Cos[8 w]?+0.0000919565 Cos[9 w] - 0.000232678 Cos[w] Cos[9w] -
.000378057 Cos[2 w] Cos[9w] +0.00216663 Cos[3 w] Cos[9w] +

.00456055 Cos[4w] Cos[9w] +0.00234 Cos[5w] Cos[9w] -

.000429211 Cos[6 w] Cos[9w] -0.000333512 Cos[7w] Cos[9w] +

.00013288 Cos[8 w] Cos[9w] + 0.0000157441 Cos[9 w]? - 0.0000298775 Cos[10 w] +
.0000755992 Cos[w] Cos[10 w] + 0.000122834 Cos[2 w] Cos[10 w] -

.000703959 Cos[3 w] Cos[10w] - 0.00148176 Cos[4 w] Cos[1lOw] -

.000760288 Cos[5w] Cos[1lO0w] +0.000139455 Cos[6w] Cos[1lO w] +

.000108361 Cos[7 w] Cos[1lOw] - 0.0000431739 Cos[8 w] Cos[10 w] -

.0000102308 Cos[9 w] Cos[10w] +1.66205x 10°° Cos[10w]? - 0.0000118079 Cos[11lw] +

© © © O © © O © © O O © O O O O O O O O oo o o o oo
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.0000298775 Cos[w] Cos[llw] + 0.0000485453 Cos[2w] Cos[llw] -

.000278211 Cos[3 w] Cos[llw] - 0.000585608 Cos[4 w] Cos[1lw] -

.000300473 Cos[5w] Cos[llw] +0.0000551138 Cos[6w] Cos[1llw] +

.0000428254 Cos[7w] Cos[1llw] -0.0000170627 Cos[8w] Cos[1llw] -
.04332x10°°Cos[9w] Cos[1lw] +1.31371x10°°Cos[10 w] Cos[1llw] +

.59596 x 1077 Cos[11w]? - 0.00110406 Cos[2 (T+w)] -0.0027936 Cos[w] Cos[2 (m+w)] +
.00226953 Cos[2 (m+w)]2+0.00632732Cos[3 (n+w)] +0.01601 Cos[w] Cos[3 (n+w)] -
.0260132 Cos[2 (m+w)] Cos[3 (m+w)] +0.0745405 Cos[3 (m+w)]?+

.0133184 Cos[4 (mr+w)] +0.0336995 Cos[w] Cos[4 (m+w)] -

.0547553 Cos[2 (m+w)] Cos[4 (m+w)] +0.313801Cos[3 (r+w)] Cos[4 (m+w)] +
.33026 Cos[4 (m+w)]%2+0.0068336Cos[5 (m+w)] +0.0172911 Cos[w] Cos[5 (m+w)] -
.0280947 Cos[2 (m+w)] Cos[5 (m+w)] +0.16101Cos[3 (;r+w)] CoS[5 (m+w)] +
.33891Cos[4 (;m+w)] Cos[5 (m+w)] +0.0869467 Cos[5 (rm+w)]?

.00125344 Cos[6 (m+w)] -0.00317159 Cos[w] Cos[6 (m+w)] +

.00515323 Cos[2 (T+w) ] Cos[ (m+w)] -0.029533 Cos[3 (r+w)] Cos[6 (m+w)] -
.0621641 Cos[4 (T +w) S[6 (m+w)] -0.0318961Cos[5 (m+w)] Cos[6 (m+w)] +
.00292525 Cos[6 (m+w)]%2-0.000973972 Cos[7 (m+w)] -

.00246444 Cos[w] Cos[7 (m+w)] +0.00400425Cos[2 (m+w)] CoS[T7 (m+w)] -
.0229482 Cos[3 (m+w)] Cos[7 (r+w)] - 0.0483038 Cos[4 (n+w)] Cos[T (m+w)] -
.0247845 Cos[5 (m+w)] Cos[7 (m+w)] +0.00454606 Cos[6 (m+w)] COS[7 (m+w)] +
.00176623 Cos[7 (n+w) ]2 +0.000388055Cos[8 (m+w)] +

.000981897 Cos[w] Cos[8 (m+w)] -0.00159539 Cos[2 (ir+w)] Cos[8 (m+w)] +
.00914315Cos[3 (r+w)] Cos[8 (m+w)] +0.0192454 Cos[4 (m+w)] COosS[8 (m+w)] +
.00987475Cos[5 (mr+w)] Cos[8 (m+w)] -0.00181126 Cos[6 (m+w)] Cos[8 (m+w)] -
.00140742 Cos[7 (m+w)] Cos[8 (m+w)] +0.000280375Cos[8 (r+w)]?

.0000919565 Cos[9 (T+w)] +0.000232678 Cos[w] Cos[9 (m+w)] -

.000378057 Cos[2 (m+w)] Cos[9 (m+w)] +0.00216663 Cos[3 (im+w)] Cos[9 (m+w) ] +
.00456055 Cos[4 (imr+w)] Cos[9 (m+w)] +0.00234 Cos[5 (r+w) ] Cos[9 (m+w)] -
.000429211 Cos[6 (m+w)] Cos[9 (m+w)] -0.000333512Cos[7 (m+w)] Cos[9 (m+w)] +
.00013288 Cos[8 (r+w)] Cos[9 (m+w)] +0.0000157441 Cos[9 (rm+w)]?-
.0000298775 Cos[10 (T+w)] - 0.0000755992 Cos [w] Cos[10O (m+w)] +

)
]
]
]

)
)
e
)

©O O O © O © © O O © © O © O O O OO O © OO O OO O O O OO O oo oo o o o N Mo oo

.000122834 Cos[2 (m+w)] Cos[10 (T+w)] - 0.000703959 Cos[3 (m+w)] CoS[10 (T+w)] -
.00148176 Cos[4 (m+w)] COS[10 (m+w)] - 0.000760288 Cos[5 (;+w)] COS[1O (m+w)] +
.000139455 Cos[6 (m+w)] Cos[10 (T+w)] +0.000108361 Cos[7 (n+w)] Cos[10 (T+w)] -
.0000431739Cos[8 (imr+w)] Cos[1lO (m+w) ] -
.0000102308 Cos[9 <n+w> ] Cos[10 (m+w)] +1.66205x107°Cos[10 (+w)]?-
.0000118079 Cos[11 (m+w)] - 6.0000298775 Cos [w] Cos[1l (m+w)] +
.0000485453 Cos [2 (7T+w)} Cos[ll (n+w)] -
.000278211 Cos[3 (m+w)] Cos[1 (mw)]
.000585608 Cos[4 (m+w)] Cos[1l (T+w)] - 0.000300473 Cos[5 (m+w)] Cos[1l (m+w)] +
.0000551138 Cos[6 (m+w)] Cos[1l (m+w)] +

) )

.0000428254 Cos[7 (m+w)] Cos[1ll (m+w)] - 0.0000170627 Cos[8 (T +w) ]
Cos[11l (m+w)] -4.04332x10°%Cos[9 (r+w)] Cos[1l (T+w)] +

1.31371x10°°Cos[10 (r+w)] Cos[1l (m+w)] +2.59596 x 1077 Cos[11 (T +w) ]2
0.00171934 Sin[w]?+0.0027936 Sin[w] Sin[2w] + 0.00226953 Sin[2w]? -

0.01601 Sinf[w] Sin[3w] - 0.0260132Sin[2w] Sin[3w] +0.0745405 Sin[3 w]?
0.0336995 Sin[w] Sin[4 w] - 0.0547553 Sin[2 w] Sin[4 w] + 0.313801 Sin[3w] Sin[4w] +
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.33026 Sin[4w]?-0.0172911Sin[w] Sin[5w] - 0.0280947 Sin[2w] Sin[5w] +

.16101 Sin[3w] Sin[5w] +0.33891Sin[4 w] Sin[5w] + 0.0869467 Sin[5w]? +

.00317159 Sin[w] Sin[6w] + 0.00515323 Sin[2w] Sin[6w] -

.029533Sin[3w] Sin[6w] -0.0621641 Sin[4w] Sin[6w] -

.0318961 Sin[5w] Sin[6w] +0.00292525 Sin[6 w]? + 0.00246444 Sinfw] Sin[7 w] +

.00400425 Sin[2w] Sin[7w] - 0.0229482 Sin[3 w] Sin[7 w] -

.0483038 Sin[4 w] Sin[7w] - 0.0247845 Sin[5w] Sin[T7Tw] +

.00454606 Sin[6w] Sin[7w] +0.00176623 Sin[7 w]?-0.000981897 Sin[w] Sin[8w] -

.00159539 Sin[2 w] Sin[8w] + 0.00914315 Sin[3 w] Sin[8w] +

.0192454 Sin[4 w] Sin[8w] + 0.00987475 Sin[5w] Sin[8w] -

.00181126 Sin[6w] Sin[8w] - 0.00140742 Sin[7w] Sin[8w] +0.000280375Sin[8w]? -

.000232678 Sin[w] Sin[9w] - 0.000378057 Sin[2w] Sin[9w] +

.00216663 Sin[3 w] Sin[9w] + 0.00456055 Sin[4 w] Sin[9w] +

.00234 Sin[5w] Sin[9w] - 0.000429211 Sin[6w] Sin[9w] -

.000333512 Sin[7 w] SiN[9w] +0.00013288 Sin[8w] SiN[9w] + 0.0000157441 Sin[9w]? +

.0000755992 Sin[w] Sin[10w] + 0.000122834 Sin[2 w] Sin[10 w] -

.000703959 Sin[3 w] Sin[10w] - 0.00148176 Sin[4 w] Sin[10 w] -

.000760288 Sin[5w] Sin[10 w] + 0.000139455 Sin[6w] Sin[10w] +

.000108361 Sin[7 w] STN[10 w] - 0.0000431739 Sin[8w] SiN[10 w] -

.0000102308 Sin[9w] Sin[10w] +1.66205x107°°Sin[10 w]?

.0000298775 Sin[w] Sin[1lw] + 0.0000485453 Sin[2w] Sin[1llw] -

.000278211 Sin[3 w] Sin[llw] - 0.000585608 Sin[4w] Sin[1llw] -

.000300473 Sin[5w] Sin[1llw] +0.0000551138 Sin[6w] Sin[1lw] +

.0000428254 Sin[7 w] Sin[1lw] - 0.0000170627 Sin[8w] Sin[1lw] -

.04332x10°°Sin[9w] Sin[1lw] +1.31371x10°°Sin[10w] Sin[llw] +

.59596 x 1077 Sin[11lw]?-0.0027936 Sin[w] Sin[2 (m+w)] +

.00226953 Sin[2 (m+w)]%2+0.01601Sin[w] Sin[3 (m+w)] -

.0260132 Sin[2 (m+w)] Sin[3 (m+w)] +0.0745405 Sin[3 (m+w)]%+

.0336995 Sin[w] Sin[4 (T+w)] -0.0547553Sin[2 (m+w)] Sin[4 (m+w)] +

.313801Sin[3 (m+w)] Sin[4 (m+w)] +0.33026 Sin[4 (m+w) ]2+

.0172911 Sin[w] Sin[5 (T+w)] -0.0280947 Sin[2 (r+w)] Sin[5 (m+w)] +

.16101Sin[3 (im+w)] SIn[5 (m+w)] +0.33891Sin[4 (;r+w)] Sin[5 (m+w)] +

.0869467 Sin[5 (m+w)]?-0.00317159 Sinf[w] Sin[6 (T+w)] +

.00515323 Sin[2 (7 +w) ] Sm[ (m+w)] -0.029533Sin[3 (m+w)] Sin[6 (m+w)] -

.0621641 Sin[4 (m+w)] Sin[6 (m+w)] -0.0318961 SiNn[5 (mr+w)] Sin[6 (m+w)] +

.00292525S1in[6 (n+w) ]2 -0.00246444 Sin[w] Sin([7 (m+w
w)
]
)]

)1+
.00400425 Sin[2 (r 1Sin([7 (T+w)] -0.0229482Sin[3 (m+w)] Sin[7 (m+w)] -
.0483038 Sin[4 (7T+w) Si [ (T+w)] -0.0247845S9n[5 (;r+w) ] Sin[7 (m+w)] +
.00454606 Sin[6 (m+w)] Sin[7 (m+w)] +0.00176623 Sin[7 (m+w)]%+

.000981897 Sin[w] Sin[8 (7T+w)] - 0.00159539Sin[2 (;r+w)] SIin[8 (m+w) ] +
.00914315Sin[3 (m+w)] Sin[8 (m+w)] +0.0192454 S1in[4 (;r+w)] SIn[8 (m+w) ] +
.00987475SiNn[5 (n+w)] Sin[8 (r+w)] - 0.00181126 Sin[6 (;+w)] Sin[8 (T+w)] -
00140742 Sin[7 (m+w)] SiN[8 (m+w)] +0.000280375 Sin[8 (r+w) ]2+

.000232678 Sinf[w] Sin[9 (T+w)] - 0.000378057 Sin[2 (;r+w)] SiN[9 (m+w) ] +
.00216663 SiNn[3 (r+w)] SIN[9 (r+w)] + 0.00456055 Sin[4 (r+w)] STN[9 (T+w)] +
.00234 S1in[5 (m+w)] SIN[9 (im+w)] - 0.000429211Sin[6 (;T+w)] SIiN[9 (m+w) ] -
.000333512 Sin[7 (;r+w)] Sin[9 (m+w)] +0.00013288 Sin[8 (r+w)] Sin[9 (m+w) ] +

© 0 O O © © O O © O O © O O O O O O © O ON MO OO O OO OO OO OO O OO OO0 O OO 6o o o o o oo
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1 Sin[10 (;m+w)] +
(m+w)] SIin[10 (m+w)] -

0.000760288 Sin[5

(m+w)] Sin[10 (m+w)] +
(m+w)] SIin[10 (m+w)] -

out[67]=

(T +w)]?

(m+w)] Sin[1l (m+w)] -

- Simplify[%]

-0.000300473 S1in[5

0.0000157441S9n[9 (m+w)]?-0.0000755992 Sin[w
0.000122834S9n[2 (r+w)] Sin[10 (T +w) ]

0.00148176 Sin[4 (n+w)] Sin[10 (m+w)] -

0.000139455Sin[6 (r+w)] Sin[10 (T+w)] +0.000108361 Sin[7
0.0000431739Sin[8 (m+w)] SiN[10 (w+w)] -

0.0000102308 Sin[9 (m+w)] SiN[10 (T+w)] +1.66205x10°°Sin[10
0.0000298775 Sin[w] Sin[1l (m+w)] + 0.0000485453 Sin[2
0.000278211Sin[3 (r+w)] Sin[1ll (m+w)] -

0.000585608 Sin[4 (m+w)] Sin[1l (7 +w) ]

0.0000551138 Sin[6 (r+w)] Sin[1ll (r+w)] +

0.0000428254 Sin[7 (m+w)] Sin[1l (mr+w)] -

0.0000170627 Sin[8 (m+w)] Sin[ll (wr+w)] -
4.04332%x10°°S9in[9 (m+w)] Sin[1l (r+w)] +
1.31371x107°°Sin[10 (nm+w)] Sin[1 )

1.+1.11022%x107%% Cos[w]

-5.55112x 107 Cos[2 w] -

(m+w)] Sin[ll (m+w)] +

1 (m+w)]?

1.38778x 107" Cos[3w] -7.97973x 1077 Cos[4 w]

-6.93889x 107 Cos[5w] -

1.11022x107*% Cos[8w] +1.73472x 10718 Cos[13 w] +4.33681 x107%° Cos[14 w]

- Chop[%]
1.

out[68]=

The Sym8 Filter

- Sym8 = WaveletFilterCoefficients|[
SymletWavelet[4], {"PrimalLowpass",

In[70]:=

Out[70]//MatrixForm=

Transpose[Sym8] // MatrixForm

( -0 .05035745 ) ( 0. 02_267852 )
( 70.02109555 ) ( 0.00531235 )
( O.3§187 ) ( —0.0;31588 )

( 0.5638329 ) ( —0.2_130617 )

( 0 .2f0617 ) ( 0 .5;5;329 )

( —0.07501588 ) ( —O.;§l87 )
( 70.00291235 ) ( —0.02009555 )
( 0. 02;7852 ) ( 0. 05;5745 )

- Transpose[Map[Total[#] &, Sym8]1[[2]]

out[71]= {l .y

-1.11022 x 10*16}

"PrimalHighpass'"}];
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n72;= ListPlot[Sym8, PS]

06F
° I °
04F
f °
02 ®
out[72]=
L e
[ ] ) I L I L i I L I L 4 °
6 4 2 I 4 g
° P °
Y -0.2r
°
04k

z-Transform, Frequency response

n7s= sym8[z_] = Sum[Sym8[[1, k+1, 2]] z*k, {k, 0, 7}]
ou7a= —0.0535745 - 0.0209555 z + 0.35187 z2 + 0.568329 z3 +
0.210617 z* - 0.0701588 z°> - 0.00891235 z° + 0.0227852 z”

n74y= Syml8 [w_] = sym8[Exp[I w]]
oui74- —0.0535745 - 0.0209555 ¥ + 0.35187 €21¥ + 0.568329 31 ¢ +
0.210617e*'“-0.0701588 ¥ - 0.00891235 1% +0.0227852 ¢’ 1 ¥

ni7s= Plot [Abs [Syml8[w]], {w, O, Pi}, Filling -» Axis]

1.0¢

0.8

0.6
out[75]=

0.4

0.2

T T T T I S S T S L

L 0.5 1.0 1.5 2.0 25 3.0

Checking orthogonality

n7e)- ComplexExpand [Abs [Syml8[w]]? + Abs [Syml8[w + P1]1]?]

ou7e- 0.00574044 + 0.000878264 Cos [w]? - 0.0377024 Cos[2 w] -

.0147472 Cos [w] Cos[2w] +0.123812 Cos[2w]? - 0.0608958 Cos[3 w] -
.0238192 Cos[w] Cos[3 w] +0.399955 Cos[2 w] Cos[3w] +0.322998 Cos[3 w]? -
.0225674 Cos[4 w] - 0.00882717 Cos[w] Cos[4w] +0.14822 Cos[2w] Cos[4 w] +
.2394 Cos[3w] Cos[4w] +0.0443596 Cos[4w]? +0.00751744 Cos[5w] +
.00294042 Cos[w] Cos[5w] -0.0493735Cos[2w] Cos[5w] -

.0797466 Cos[3w] Cos[5w] -0.0295533 Cos[4 w] Cos[5w] +

.00492226 Cos[5w]? +0.000954949 Cos[6 w] + 0.000373525 Cos [w] Cos[6w] -

© &6 © © & © o
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.00627197 Cos
.00375419 Cos
.00007943 Cos

[2w] Cos[6w] -0.0101303 Cos[3w] Cos[bw] -

[4w] Cos[6w] +0.00125056 Cos[5w] Cos[6w] +

[6w]%2-0.00244141 Cos [T w] - 0.000954949 Cos[w] Cos[7 w] +
.0160348 Cos[2w] Cos[Tw] +0.025899 Cos[3 w] Cos[7T w] +
.0095979 Cos[4 w] Cos[7Tw] -0.00319716 Cos[5w] Cos [T w] -
.000406139 Cos[6 w] Cos[7 w] +0.000519164 Cos[7 w]?-0.0377024 Cos[2 (m+w)] +
.0147472 Cos[w] Cos[2 (m+w)] +0.123812Cos[2 (m+w)]?-0.0608958 Cos[3 (m+w)] +
.0238192 Cos[w] Cos[3 (m+w)] +0.399955Co0s[2 (m+w)] Cos[3 (m+w)] +
.322998 Cos[3 (m+w) ]2 -0.0225674 Cos[4 (m+w)] +0.00882717 Cos[w] Cos[4 (m+w)] +
.14822 Cos[2 (m+w)] Cos[4 (m+w)] +0.2394Cos[3 (m+w)] Cos[4 (m+w)] +
.0443596 Cos[4 (m+w)]2+0.00751744 Cos[5 (m+w)] -
.00294042 Cos[w] Cos[5 (m+w)] -0.0493735Cos[2 (;r+w)] COS[5 (m+w)] -
0797466 Cos[3 (mr+w)] Cos[5 (m+w)] -0.0295533 Cos[4 (r+w)] Cos[5 (m+w) ] +
.00492226 Cos[5 (m+w) ]2 +0.000954949 Cos[6 (m+w)] -
.000373525 Cos[w] Cos[6 (m+w)] -0.00627197 Cos[2 (mr+w)] Cos[6 (m+w)] -
.0101303 Cos[3 (r+w)] Cos[6 (M+w)] —-0.00375419Cos[4 (m+w)] Cos[6 (m+w)] +
.00125056 Cos[5 (+w)] CosS[6 (+w)] +0.00007943 Cos[6 (+w)]>
.00244141 Cos[7 (m+w)] +0.000954949 Cos[w] Cos[7 (m+w)] +
.0160348 Cos[2 (r Y] Cos[7 (m+w)] +0.025899 Cos[3 (m+w)] Cos[7 (m+w)] +
.0095979 Cos[4 (m+w)] Cos[7 (m+w)] - 0.00319716 Cos[5 (;m+w)] CosS[7 (m+w)] -
.000406139 Cos[6 (m+w)] CoS[7 (m+w)] +0.000519164 Cos[7 (m+w)]?+
.000878264 Sin[w]%-0.0147472 Sin[w] Sin[2w] +0.123812 Sin[2w]? -
.0238192 Sin[w] Sin[3w] +0.399955 Sin[2w] Sin[3w] + 0.322998 Sin[3 w]? -
.00882717 Sin[w] Sin[4w] +0.14822 Sin[2w] Sin[4 w] +0.2394 Sin[3 w] Sin[4w] +
.0443596 Sin[4 w]? +0.00294042 Sin[w] Sin[5w] - 0.0493735Sin[2w] Sin[5w] -
.0797466 Sin[3 w] Sin[5w] - 0.0295533 Sin[4w] Sin[5w] + 0.00492226 Sin[5w]? +
.000373525 Sin[w] Sin[6w] -0.00627197 Sin[2w] Sin[6w] -
.0101303 Sin[3 w] Sin[6w] - 0.00375419 Sin[4 w] Sin[6w] +
.00125056 Sin[5w] Sin[6w] + 0.00007943 Sin[6 w]? - 0.000954949 Sin[w] Sin[7 w] +
.0160348 Sin[2w] Sin[7w] +0.025899 Sin[3w] Sin[7w] + 0.0095979 Sin[4 w] Sin[T w] -
.00319716 Sin[5w] Sin[7w] - 0.000406139 Sin[6w] Sin[7T w] +
.000519164 Sin[7 w]2+0.0147472 Sin[w] Sin[2 (m+w)] +
.123812S9Nn[2 (;+w) ]2 +0.0238192 Sin[w] Sin[3 (r+w) ] +
.399955S19n[2 (m+w)] Sin[3 (m+w)] +0.322998 Sin[3 (m+w)]?+
.00882717 Sin[w] Sin[4 (m+w)] +0.14822S9in[2 (n+w)] Sin[4 (m+w)] +
.2394S4n[3 (m+w)] Sin[4 (r+w)] +0.0443596 Sin[4 (m+w)]?
.00294042 Sin[w] Sin[5 (m+w) ] -0.0493735S1in[2 (r+w)] SIin[5 (m+w) ] -
.0797466 Sin[3 (m+w)] SiN[5 (r+w)] - 0.0295533 Sin[4 (m+w)] Sin[5 (m+w)] +
.00492226 Sin[5 ( -0.000373525S1in[w] Sin[6 (m+w)] -
.00627197 Sin[2 (T + N6 (m+w)] -0.0101303 Sin[3 (r+w)] Sin[6 (T+w)] -
.00375419 Sin[4 (T + in[6 (m+w)] +0.00125056 Sin[5 (;r+w)] SIn[6 (m+w)] +
.00007943 Sin[6 (/T + 24+0.000954949 Sin[w] Sin[7 (m+w)] +
.0160348 Sin[2 (m+w)] SIN[7 (m+w)] +0.025899 Sin[3 (m+w)] SiN[7 (m+w)] +
.0095979Sin[4 (m+w)] SIiN[7 (m+w)] -0.00319716 Sin[5 (m+w)] Sin[7 (m+w)] -
.000406139 SiNn[6 (m+w)] Sin[7 (m+w)] +0.000519164 Sin[7 (T+w)]?

+ W
+ W

T+ W
w)] Si
w)] Si
w

)12
)]
)]
)]
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our7= 1. = 5.55112x 107 Cos[w] +6.66134 x 107 1® Cos[2 w] - 1.38778 x 1077 Cos[3 w] +
4.51028 x 10717 Cos[4w] -5.55112x 107" Cos[6 w] - 3.46945x 10718 Cos[10 w]

ini7ei= Chop [%]

out7gl= 1.
The BL25 Filter

n7e= BL25 = WaveletFilterCoefficients|
BattleLemarieWavelet[2, 5], {"PrimalLowpass", "PrimalHighpass"}];

nigo}= Transpose[BL25] // MatrixForm

Out[80]//MatrixForm=

( 0. 4801994 )

( 0. 4801094 )

( 0.4811094 ) ( —0.4%1094 )
( 0 .O9$5546 ) ( (0] .0955546 )
( —0.08382717 ) ( 0.0822717 )
( —0.0f46705 ) ( —0.0f46705 )
( 0.02:6858 ) ( —0.@2596858 )
( 0.002699683 ) ( 0.002699683 )

( 0.00239683 ) ( —0.062599683 )
( 0 .027946858 ) ( 0 .027946858 )
( —0.014316705 ) ( 0.01_436705 )
( —0.0_822717 ) ( 70.0;322717 )
( 0 .097715546 ) ( —0.0295546 )

nsi:= Transpose[Map[Total[#] &, BL25]][[2]]
oustl= {1.01678, 0.}

nisz;= ListPlot[BL25, PS]

o
°
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z-Transform, Frequency response
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nes- blm[z_] = Sum[BL25[[1, k+1, 2]] zAk, {k, 0, 11}]
ouga- 0.00299683 + 0.0296858 z - 0.0146705 z2 - 0.0882717 z3 + 0.0975546 z* + 0.481094 z° +
0.481094 z% + 0.0975546 z" - 0.0882717 z8 - 0.0146705 z° + 0.0296858 z'? + 0.00299683 z'*

nig4= BLM[w_] = bIm[Exp[I w]]

ousa- 0.00299683 + 0.0296858 ' “ - 0.0146705 ¥ - 0.088271731¥ +
0.0975546 e +0.481094 ¥ + 0.481094 e® ¥ + 0.0975546 ¢’ 1 ¢ -
0.0882717 %1% -0.0146705e%1“ +0.0296858 ¢®1¥ 1+ 0.00299683 et i

nies;= PLlot [Abs [BLM[w]], {w, ®, Pi}, Filling -» Axis]

out[8s]=

3.0
Checking orthogonality

e~ ComplexExpand [Abs [BLM[w]]* + Abs [BLM[w + Pi]]?]

oussl- 0.000017962 + 0.0017625 Cos [w]? - 0.00008793 Cos[2 w] - 0.000871011 Cos[w] Cos[2w] +
.000215223 Cos[2 w]? - 0.000529071 Cos [3 w] - 0.00524084 Cos [w] Cos[3 w] +
.00258998 Cos[2 w] Cos[3w] +0.0077919 Cos[3 w]? +0.00058471 Cos[4 w] +

.00579198 Cos[w] Cos[4 w] -0.00286235 Cos[2w] Cos[4w] -

.0172226 Cos
.0285634 Cos

[
[
[3w] Cos[4w] +0.0095169 Cos[4 w]?+0.00288352 Cos[5w] +

[w] Cos[5w] -0.0141158 Cos[2w] Cos[5w] -0.084934 Cos[3 w] Cos[5w] +
.0938659 Cos[4 w] Cos[5w] +0.231452 Cos[5w]? +0.00288352 Cos[6w] +
.0285634 Cos[w] Cos[6bw] -0.0141158 Cos[2w] Cos[6w] - 0.084934 Cos[3w] Cos[bw] +
.0938659 Cos[4 w] Cos[6w] +0.462903 Cos[5w] Cos[6w] +0.231452 Cos[6w]? +
.00058471 Cos[7w] +0.00579198 Cos [w] Cos[7T w] - 0.00286235 Cos[2 w] Cos[7 w] -
.0172226 Cos[3 w] Cos[7Tw] +0.0190338Cos[4w] Cos[T w] +
.0938659 Cos[5w] Cos[7 w] +0.0938659 Cos[6 w] Cos[7 w] +0.0095169 Cos[7 w]? -
.000529071 Cos[8 w] - 0.00524084 Cos [w] Cos[8 w] + 0.00258998 Cos[2 w] Cos[8 w] +
.0155838 Cos[3w] Cos[8w] -0.0172226 Cos[4w] Cos[8w] -0.084934 Cos[5w] Cos[8w] -
.084934 Cos[6 w] Cos[8w] -0.0172226 Cos[7 w] Cos[8w] +0.0077919 Cos[8w]? -
.00008793 Cos[9w] -0.000871011 Cos[w] Cos[9w] +0.000430446 Cos[2w] Cos[9w] +
.00258998 Cos[3 w] Cos[9w] - 0.00286235 Cos[4 w] Cos[9w] -
.0141158 Cos[5w] Cos[9w] -0.0141158 Cos[6w] Cos[9w] -
.00286235Cos[7w] Cos[9w] +0.00258998 Cos[8 w] Cos[Iw] +
.000215223 Cos[9w]2+0.000177927 Cos[10 w] + 0.0017625 Cos [w] Cos[10 w] -
.000871011 Cos[2 w] Cos[1O0w] - 0.00524084 Cos[3 w] Cos[1lOw] +

© 0 © O © © O © © O O O© O O O O o o o 6
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.00579198 Cos[4 w] Cos[10w] + 0.0285634 Cos[5w] Cos[10 w] +

.0285634 Cos[6w] Cos[1lO0w] +0.00579198 Cos[7 w] Cos[10 w] -

.00524084 Cos[8 w] Cos[10 w] - 0.000871011 Cos[9 w] Cos[10 w] +

.000881248 Cos[10 w]%+0.000017962 Cos[1lw] +0.000177927 Cos[w] Cos[1lw] -
.00008793 Cos[2w] Cos[1llw] -0.000529071 Cos[3 w] Cos[llw] +

.00058471 Cos[4w] Cos[1llw] +0.00288352 Cos[5w] Cos[1l1lw] +

.00288352 Cos[6 w] Cos[1llw] + 0.00058471 Cos[7 w] Cos[1llw] -

.000529071 Cos[8 w] Cos[llw] - 0.00008793 Cos[9w] Cos[1llw] +

.000177927 Cos[10 w] Cos[1llw] +8.98101 x10°°Cos[11lw]?-0.00008793 Cos[2 (m+w)] +
.000871011 Cos[w] Cos[2 (T+w)] +0.000215223 Cos[2 (T+w)]? -

.000529071 Cos[3 (iT+w) ] +0.00524084 Cos[w] Cos[3 (m+w)] +

.00258998 Cos[2 (/T +w
.00058471Cos[4 (m+w
.00286235Cos[2 (;T+w

w
Y] Cos[3 (m+w)] +0.0077919 Cos[3 (m+w)]?+
)
)
.0095169 Cos[4 (T +w) ]
1C
] C
)
]
]

)

]

] -0.00579198 Cos[w] Cos[4 (m+w)] -

] Cos[4 (m+w)] -0.0172226 Cos[3 (m+w)] Cos[4 (m+w) ] +
2,.0.00288352Cos[5 (m+w)] -0.0285634 Cos[w] Cos[5 (m+w)] -
.0141158 Cos[2 (T + w) S[5(m+w)] -0.084934Cos[3 (m+w)] Cos[5 (m+w)] +
.0938659 Cos[4 (7T +w) S[5 (;T+w)] +0.231452 Cos[5 (m+w) ]2+

.00288352 Cos[6 (m+w)] -0.0285634 Cos[w] Cos[6 (m+w)] -

.0141158 Cos[2 (im+w)] CoS[6 (m+w)] - 0.084934 Cos[3 (m+w)] COS[6 (m+w)] +
.0938659 Cos[4 (r+w)] Cos[6 (m+w)] +0.462903 Cos[5 (r+w)] Cos[6 (m+w)] +
.231452 Cos[6 (m+w) ]2 +0.00058471Cos[7 (m+w)] - 0.00579198 Cos[w] Cos[7 (m+w)] -
.00286235 Cos[2 (T+w) ] Cos[ (m+w)] -0.0172226 Cos[3 (im+w) ] Cos[7 (m+w) ] +
.0190338 Cos[4 (m+w)] Cos[7 (m+w)] +0.0938659 Cos[5 (r+w)] CoS[T (m+w)] +
.0938659 Cos[6 (m+w)] Cos[7 (r+w)] +0.0095169 Cos[7 (m+w)]?-

.000529071 Cos[8 (m+w)] +0.00524084 Cos[w] Cos[8 (m+w)] +

.00258998 Cos[2 (imr+w)] Cos[8 (im+w)] +0.0155838 Cos[3 (;ir+w)] Cos[8 (m+w)] -
.0172226 Cos[4 (m+w)] CoS[8 (m+w)] - 0.084934 Cos[5 (m+w)] COS[8 (m+w)] -
.084934 Cos[6 (m+w)] Cos[8 (m+w)] -0.0172226 Cos[7 (m+w)] COS[8 (m+w)] +
.0077919 Cos[8 (m+w)]?-0.00008793 Cos[9 (m+w)] +

.000871011 Cos[w] COS[9 (T+w)] + 0.000430446 Cos[2 (r+w)] COS[9 (m+w)] +
.00258998 Cos[3 (m+w)] Cos[9 (m+w)] -0.00286235Cos[4 (m+w)] Cos[9 (m+w)] -
.0141158 Cos[5 (m+w)] Cos[9 (im+w)] -0.0141158 Cos[6 (r+w)] Cos[9 (m+w)] -
.00286235Cos[7 (m+w)] Cos[9 (m+w)] +0.00258998 Cos[8 (m+w)] Cos[9 (m+w)] +
.000215223 Cos[9 (m+w) ]2+ 0.000177927 Cos[10 (m+w)] -

.0017625 Cos[w] Cos[10 (m+w)] -0.000871011 Cos[2 (+w)] CosS[10 (T+w)] -
.00524084 Cos[3 (m+w)] Cos[10 (m+w)] +0.00579198 Cos[4 (im+w)] Cos[1lO (m+w)] +
.0285634 Cos[5 (m+w)] Cos[10 (imr+w)] +0.0285634 Cos[6 (m+w)] Cos[10 (m+w)] +
.00579198 Cos[7 (m+w)] Cos[10 (m+w)] - 0.00524084 Cos[8 (r+w)] CoS[10 (m+w)] -
.000871011 Cos[9 (r+w)] Cos[10 (T+w)] +0.000881248 Cos[10 (m+w) ]2+
.000017962 Cos[11 (r+w)] -0.000177927 Cos[w] Cos[1ll (m+w)] -

.00008793 Cos[2 (imr+w)] Cos[1ll (r+w)] -0.000529071 Cos[3 (T+w) ] Cos[ (m+w) ] +
.00058471Cos[4 (m+w)] Cos[1l (m+w)] +0.00288352Cos[5 (im+w) ] Cos[1ll (m+w) ] +
.00288352 Cos[6 (m+w)] Cos[1ll (sr+w)] +0.00058471 Cos[7 (r+w)] Cos[1l (m+w)] -

.000529071Cos[8 (m+w)] Cos[1ll (m+w)] -0.00008793 Cos[9 (r+w)] Cos[1ll (m+w)] +

.000177927 Cos[10 (;r+w)] Cos[1l (m+w)] +8.98101x10°%Cos[11 (;r+w)]?+
.0017625 Sin[w]?-0.000871011 Sinfw] Sin[2w] +0.000215223 Sin[2 w]?
.00524084 Sinfw] Sin[3w] + 0.00258998 Sin[2 w] Sin[3 w] +
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.0077919 Sin|
.0172226 Sin|
.0141158 Sin|
.231452 Sin[5
.084934 Sin[3
.231452 Sin[6
0172226 Sin|
.0938659 Sin|
.00524084 Sin[w
.0155838 Sin[3
.084934 Sin[6
.000871011 Sin[w

.00286235 Sin[7
.0017625 Sin[w
.00524084 Sin[3
.0285634 Sin[5
.00579198 Sin[7

.000529071 Sin[3
.00288352 Sin[5w
.00058471 Sin[7

.00008793 Sin[9 w

.0285634 Sin[w
.084934 Sin[3
.231452 Sin[5
.0141158 Sin[2
.0938659 Sin[4
.231452 S9n[6
.00286235 S1in[2
.0190338 Sin[4
.0938659 SiNn[6 (r+w)] Sin[7
.00524084 Sinfw
.0155838 Sin[3
.084934 Sin[5
.0172226 Sin[7
.000871011 Sin[w] Sin[9 (mM+w)] +0.000430446 Sin[2 (;m+w)] SIN[9 (m+w)] +
.00258998 Sin[3
.0141158 Sin[5
.00286235 S1in[7

3
3
2
w
w
w
3
Sw

w]?2+0.00579198 Sinw
w]

w] Sin[5w] - 0.084934
12
] Sin[6w] +0.0938659
12 +0.00579198 Sin[w]
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1 Sin[4 w] - 0.00286235Sin[2w] Sin[4w] -

Sin[4 w] + 0.0095169 Sin[4 w]2 +0.0285634 Sin[w] Sin[5w] -

Sin[3w] Sin[5w] +0.0938659 Sin[4w] Sin[5w] +

+0.0285634 Sin[w] Sin[6w] - 0.0141158 Sin[2 w] Sin[6w] -

Sin[4w] Sin[6w] +0.462903 Sin[5w] Sin[6w] +
Sin[7 w] - 0.00286235 Sin[2w] Sin[7 w] -

w] Sin[7w] +0.0190338 Sin[4w] Sin[7Tw] +
w] Sin[7w] +0.0938659 Sin[6w] Sin[7 w] + 0.0095169 Sin[7 w]2 -
] Sin[8w] + 0.00258998 Sin[2 w] Sin[8w] +

w] Sin[8w] -0.0172226 Sin[4w] Sin[8w] - 0.084934 Sin[5w] Sin[8w] -

w] Sin[8w] - 0.0172226
] Sin[9w] + 0.000430446 Sin[2w] Sin[9w] +
.00258998 Sin[3 w] Sin[9w] - 0.00286235 Sin[4 w] Sin[9w] -
.0141158 Sin[5

Sin[7w] Sin[8w] +0.0077919 Sin[8w]? -

w] Sin[9w] - 0.0141158 Sin[6 w] Sin[9 w] -

w] Sin[9w] + 0.00258998 Sin[8w] SiN[9w] +0.000215223 STn[9w]? +

] Sin[10 w] - 0.000871011 Sin[2 w] Sin[10w] -

w] SiN[10 w] +0.00579198 Sin[4 w] Sin[10 w] +

w] SiN[10 w] +0.0285634 Sin[6 w] Sin[10 w] +

(m+w)] Sin[3 (m+w)]

w] Sin[10 w] - 0.00524084 Sin[8w] Sin[10 w] -
.000871011 Sin[9 w] Sin[1lO w] + 0.000881248 Sin[10 w]?
.000177927 Sinfw] Sin[11lw] - 6.00008793 Sin[2 w] Sin[1llw] -
w] Sin[1lw] +0.00058471 Sin[4 w] Sin[1llw] +
] Sin[1lw] +0.00288352 Sin[6w] Sin[1lw] +
w] Sin[1lw] - 0.000529071 Sin[8 w] Sin[llw] -
]1Sin[1lw] +0.000177927 Sin[10 w] Sin[1lw] +
.98101x10°°Sin[11w]?+0.000871011
.000215223 Sin[2 (+w)]?
.00258998 Sin[2
.00579198 Sin[w
.0172226 Sin[3

Sin{w] Sin[2 (m+w)] +

+0.00524084 Sin[w] Sin[3 (T+w)] +

+0.0077919 Sin[3 (m+w)]?-

]1Sin[4 (m+w)] -0.00286235Sin[2 (m+w)] Sin[4 (m+w)] -

(r+w)] Sin[4 (m+w)] +0.0095169 Sin[4 (m+w)]?-
1Sin[5 (m+w)] -0.0141158 Sin[2 (mr+w)] Sin[5 (m+w)] -

(m+w)] Sin[5 (m+w)] +0.0938659Sin[4 (;t+w)] SIin[5 (m+w) ] +
(T+w)]?-0.0285634 Sin[w] Sin[6 (m+w)] -

(m+w)] Sin[6 (m+w)] -0.084934Sin[3 (+w)] Sin[6 (T+w)] +
(m+w)] Sin[6 (T+w)] +0.462903 Sin[5 (m+w)] Sin[6 (m+w)] +
(7T+w)]2 0.00579198 Sin[w] Sin[7 (m+w)] -

(m+w)] SIin[7 (m+w)] -0.0172226 Sin[3 (;T+w)] SIn[7 (m+w) ] +

(m+w)] SIin[7 (m+w)] +0.0938659 Sin[5 (;m+w)] Sin[7 (;m+w)] +

(m+w)] SIin[8 (im+w) ]

(m+w)] Sin[8 (im+w)]

(m+w)] +0.0095169 Sin[7 (m+w)]?%+

]1Sin[8 (m+w)] +0.00258998 Sin[2 (m+w)] Sin[8 (m+w)] +

- 0.0172226Sin[4 (n+w)] Sin[8 (m+w)] -
-0.084934 S1in[6 (m+w)] SIn[8 (m+w)] -

(r+w)] SIN[8 (m+w)] +0.0077919 Sin[8 (m+w)]?+

(m+w)] Sin[9 (m+w)]
(m+w)] SIn[9 (Im+w) ]

(m+w)] Sin[9 (m+w)]

-0.00286235S1in[4 (;m+w)] SIn[9 (;m+w) ] -

- 0.0141158 Sin[6 (+w)] Sin[9 (m+w)] -

+0.00258998 Sin[8 (r+w)] SIin[9 (m+w) ] +
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In[87]:=

out[87]=

In[88]:=

out[88]=

+

0.000215223 Sin[9 (T+w)]%-0.0017625 Sin[w] Sin[10 (r+w)] -

0.000871011 Sin[2 (7 +w)] SIN[10 (1 +w)] - 0.00524084 Sin[3 (r+w)] STN[10 (r+w)] +
0.00579198 Sin[4 (r+w)] SIN[10 (T+w)] +0.0285634 Sin[5 (m+w)] Sin[10 (r+w)] +

0.0285634 SiNn[6 (1+w)] STN[10 (1 +w)] +0.00579198 SIn[7 (7 +w)] STN[10 (r+w)] -

0.00524084 Sin[8 (m+w)] Sin[1l0 (r+w)] -0.000871011Sin[9 (m+w)] Sin[1lO (r+w)] +
0.000881248 Sin[10 (;r+w)]%2-0.000177927 Sin[w] Sin[1l (r+w)] -

0.00008793 Sin[2 (m+w)] SiN[1l (m+w)] - 0.000529071 Sin[3 (r+w)] SAn[1l (r+w)] +
0.00058471Sin[4 (r+w)] SIN[1l (7 +w)] +0.00288352 SN [5 (7 +w)] SAN[1l (71 +w) ]

0.00288352S1in[6 (m+w)] Sin[ll (r+w)] +0.00058471Sin[7 (;+w)] Sin[1ll (m+w)] -

0.000529071Sin[8 (r+w)] Sin[1ll (;r+w)] -0.00008793 Sin[9 (;r+w)] Sin[ll (m+w)] +
0

.000177927 Sin[10 (r+w)] Sin[1l (r+w)] +8.98101x10°°Sin[1l (;r+w)]?

Simplify[%]

0.999464 - 5.55112x 10717 Cos[w] + ©0.00296316 Cos[2 w] - 1.38778 x 1077 Cos[3 w] -
0.00876136 Cos[4 w] - 3.46945x 1078 Cos[5w] + 0.0450619 Cos[6 w] -
3.46945x 10718 Cos[7 w] - 0.00560033 Cos[8 w] - 1.38778 x 10717 Cos[9 w] +
0.000711708 Cos[10 w] - 1.38778 x 10717 Cos[13 w] - 3.46945 x 1078 Cos[15 w] -
8.67362x 10 *° Cos[17w] + (0. +1.38778x 10 '" i) Cos[w] Sin[w]

Plot[Abs[BLM[w]]? + Abs [BLM[w + Pi]]?, {w, 0, Pi}, PlotRange - {0, 1.2}]

1.2
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