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in403):= Get [" G \\ nabbasi \\ dat a\ \ nabbasi _web_Page\\ ny_not es\\ ny_dsp_mat hemat i ca_package\\ dsp. ni' ]

Inf404:= ? dsp”*

V dsp’
butterd linspace
butterToBandPass makePulseTrain
butterToBandStop matrix2DLexOrdering
butterToHighPass matrix2DredBlackPositions
butterToLowPass numlt
centerimageData numltse
diagonalBlockMatrix plotFourierTransform
diagonalDominantMatrixQ poissonMatrixOnSquareDirichlet
fcPulseTrain quantizationLevel
formatBinary str
getButterworthPolynomial toOffsetBinary
getFourierApproximation toOnesComplement
getMagnitudeOfPulseTrainFourierCoeff toSignMagnitude
getPhaseOfPulseTrainFourierCoeff toTwoComplement

getPositiveAndNegativeTerms
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matrix2DredBlackPositions

in[363):= ? dsp mat ri x2Dr edBl ackPosi ti ons

matrix2DLexOrdering[nRow,nCol] returns {r,b}, where r is a list of indices in a
matrix of dimensions[nRow,nCol] where the red balls are,and b is list of indices where black
balls are. These are the red/black positions to use for Gauss—Seidel red, black algorithm

Example

A=Table[0,{i,3},{},3}];
dsp”~matrix2DLexOrdering[A]
Out[310]= {{{1,3},{2,3},{3,3}},{{1,2},{2,2},{3,2}},{{1,1},{2,1},{3,1}}}

In[388:= NRow = 3;
nCol = 3;
A = Tabl e[0, {i, nRow}, {j, nCol }7;
{r, b} =dsp matri x2Dr edBl ackPosi ti ons [nRow, nCol ];
(A[[Sequence ee#]] = 1) &/@r;
(A[[Sequence ee#]] = -1) &/eb,;
Mat ri xFor m[A]
Out[394]//MatrixForm=
1 -1 1
-1 1 -1 J

1 -1 1

In[395]:= NROW = 2;
nCol =5;
A =Tabl e[0, {i, nRow}, {j, nCol }7;
{r, b} =dsp matri x2Dr edBl ackPosi ti ons [nRow, nCol ];
(A[[Sequence ee#]] = 1) &/er,;
(A[[Sequence ee#]] = -1) &/eb;
Mat ri xFor m[A]
Out[401])//MatrixForm=
1 -1 1 -1 1
-1 1 -1 1 -1
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matrix2DLexOrdering

In402:= ? dsp” mat ri x2DLexOr deri ng

matrix2DLexOrdering[mat] returns {A,B}, where A is matrix of the same as as mat, which contains in each entry, the
coordinates of each cell in the matrix in Lexicographical order and B contains the sequentional Lexicographical order

Example

A=Table[0,{i,3},{},3}];
dsp~matrix2DLexOrdering[A]
Out[310]= {{{1,3},{2,3},{3,3}},{{1,2},{2,2},{3,2}},{{1,1},{2,1},{3,1}}}

in[329]:= (€ = Table[O, {i, 3}, {j, 13}1) // MatrixForm

Out[329]//MatrixForm=
0
0
0

nz30:= {A, B} =dsp matrix2DLexOrdering [c];
A // MatrixForm

Out[331])//MatrixForm=

5

in[332]:= B // MatrixForm

Out[332]//MatrixForm=
3
2
1

in[336):= (€ = Table[O, {i, 3}, {j, 2}1) // MatrixForm
{A, B} =dsp matrix2DLexOrdering [C];
A // MatrixForm
Out[336]//MatrixForm=
00
00
00

Out[338]//MatrixForm=

5] (5]
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in[339]:= B // MatrixForm

Out[339]//MatrixForm=
56
3 4
12

in3a0)= (C = Table[0, {i, 3}, {j, 3}1) // MatrixForm
{A, B} =dsp matrix2DLexOrdering [C];
A // MatrixForm

Out[340]//MatrixForm=

00O
00O
00O

T
HEEEH
HEGEH

in[343:= B // MatrixForm

Out[343]//MatrixForm=
7 8 9
4 5 6
12 3

centerlmageData
? dsp’ cent er | mageDat a
centerlmageData[im] centers the image by multiplying each pixel by (-1)\(i+]j) where i,j are

the row number and column number of the pixel in normal matrix meaning of row and column.
This is useful to do before taking the FFT of the image.
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img =Inport ["Exanpl eData/l ena.tif"];
I mageDi nensi ons [i ng] (x| ook at inmagex)

| mgeChannel s [i ng] (*see how many channel s )

data = | mageDat a[i ng]; (xget datax)
{nRow, nCol , nChannel } = Di nensi ons [dat a]

Map [l mage[data[[Al |, All, #]1] & Range[l, nChannel 1] (x|l ook at each channel %)

d=data[[All, All, 2]1]; (xget channel 2x)I|nage[d, | nageSi ze » 400]
{150, 116}
3

(116, 150, 3}

(xcenter Image firstx)
d = dsp  cent er | nageDat a [d];

Di nensi ons [d]
drrz, 211
0. 6549019607843137
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(xmake FFT and | ook at spectrum and phasex)
fw= Fourier [d, FourierParameters -» {1, 1}];

fudgeFactor = 100; (xadjust for better view ng as neededx)

ArrayPl ot [ (fudgeFactor =Log[l + Absefw]), PlotLabel - "Magnitude spectrum', | nageSi ze » 400]
ArrayPl ot [Arg[fw], Pl otLabel - "Phase spectruni', | mageSi ze -» 400]

M agnitude spectrum

Phase spectrum
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diagonalBlockMatrix

? dsp” di agonal Bl ockMat ri x

diagonalBlockMatrix[block,n] gives a diagonal square matrix with the block along the diagonal repeated n times
example:

In[14]:= block={{1,2},{3,4}}
Out[14]= {{1,2},{3,4}}

Normal@dsp ~diagonalBlockMatrix[block,4]

Out[15]=
{{1,2,0,0,0,0,0,0},{3,4,0,0,0,0,0,0},{0,0,1,2,0,0,0,0},{0,0,3,4,0,0,0,0},{0,0,0,0,1,2,0,0},{0,0,0,0,3,4,0,0},{0,0,0,0,0,0,1,2},{0
,0,0,0,0,0,3,4}}

(block = {{1, 2}, {3, 4}}) // MatrixForm
dsp” di agonal Bl ockMatri x [bl ock, 47;
Mat ri xFor m[Nor mal [%]]

54l

OO WwWpErk OO oo
OO h~NOOOO
Wk OOOOoOOoOOo

OO O OO0 WwErEr
O O OO OO M~
OO OO0 WwWEr oo
OO0 oo h~NOO
A NOOOOOO

poissonMatrixOnSquareDirichlet

? dsp” poi ssonMat ri xOnSquar eDi ri chl et

poissonMatrixOnSquareDirichlet[n,m] gives the discretization A matrix for d, yu+dy yu

using Laplacian stensil of size m (currently only m=5 is supported. n is the number of grid points
along one dimension of the square. Hence, for n=3, this means the square has 9 internal grid
points. These are the internal grid points only, as this is Dirichlet boundary conditions problem
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dsp” poi ssonMat ri xOnSquareDirichl et [3, 5] // Matri xForm

dsp” poi ssonMat ri xOnSquareDirichlet [2, 5] // MatrixForm

dsp” poi ssonMatri xOnSquareDirichlet [4, 51 // MatrixForm
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diagonalDominantMatrixQ

? dsp” di agonal Dom nant Matri xQ

diagonalDominantMatrixQ[A] gives True if matrix is

diagonal dominant matrix, and False otherwise. The following are available options

strict—>{True,False}

strict—>False, is the default. The check is made using ">= " for dominance of diagonal.

stict—>True, the check is made using ">" for dominance of diagonal

Examples:

<<dsp”
mat={{4,4},{4,4}}

dsp~diagonalDominantMatrixQ[mat,strict—>False]
Out[27]= True

dsp~ diagonalDominantMatrixQ[mat,strict—>True]
Out[31]= False

dsp~diagonalDominantMatrixQ[mat]
Out[38]= True

numltsec

? dsp  nunl tse

numltse[num,w,d,fontsize] formats a number in scientific form.

num is the number to format

w is the total width of the field including the decimal point
d is width of field to right of decimal point

fontsize is the font size to use

EXAMPLE
dsp~numltse[234.4,6,4,10,12]

2.3440e2
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dsp” num t se [RandonReal [1], 5, 3, 10]

6.187e-1

dsp” num t se [RandonReal [10], 5, 3, 10]

9. 330e

linspace

?dsp’linspace

generate linearly spaced list.

linespace(x1, x2) generate list of 100 equally spaced points between x1 and x2.

linspace(x1, x2, N) generate N equally spaced points between x1 and x2. if N < 2, it returns x2.

dsp’linspace[2, 3, 5]

dsp’linspace[2+], 3,
9 3i 5 1
{2+]i,7+7,7+7,
4 4 2 2

dsp’linspace[2+], 3,

5] // N

{2. +1. 1, 2.25+0.751, 2.5+0.51, 2.75+0.251, 3.}

dsp’linspace[2, 3, 2]
{2., 3.}

// N

dsp’linspace[2, 2.1, 10] // N

{2., 2.011111111111111, 2.022222222222222, 2. 033333333333333, 2. 0444444444444443,
2. 055555555555556, 2. 066666666666667, 2. 077777777777778, 2.088888888888889, 2.1}

str

?dspstr

strlexpr] removes $nnn from the expression. Used for printing from inside a function

test : = Mbdule[{a =4}, Print ["a=", dsp str [a]]; ]

test
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formatBinary

? dsp” format Bi nary

formatBinary[num,nBits]
returns a string representation of the number num in
base 2. nBits is the number of bits available to use for displaying the final result.

EXAMPLE
dsp~formatBinary[4,4]
0100

dsp~formatBinary[4,8]
0000 0100

dsp fornatBi nary [4, 4]

0100

dsp fornmat Bi nary [4, 8]
0000 0100

dsp format Bi nary [127, 8]

0111 1111

dsp fornatBinary [127, 16]

0000 0000 0111 1111

dsp format Bi nary [30, 16]
0000 0000 0001 1110

toTwoComplement

? dsp” t oTwoConpl enent

toTwoComplement[x,mp,nBits] returns {delta,xQuantized,code}

This function calculates the 2 complement value (in decimal) of the analog value
x after quantization. mp is the maximum level allowed for the quantization. nBits is the number
of bits allowed to store the final result in. The code is the two's complement value generated.
To convert this value to binary reprentation, use the funtion formatBinary[] in this package.
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nBits = 8;
X =-817

{del ta, quantized, code} = dsp toTwoConpl ement [x, np, nBits]
format Bi nary [code, nBits]

-8.7
(0.125, -8.75, 186)

1011 1010

m =1;

nBits = 4;

X =-817

{del ta, quantized, code} = dsp t oTwoConpl ement [x, np, nBits]
format Bi nary [code, nBits]

-8.7
(0.125, -1., 8}

1000

toOffsetBinary

?dsp toO fsetBinary

toOffsetBinary[x,mp,nBits] returns {delta,xQuantized,code}

This function calculates the offset binary value (in decimal) of the analog value x after quantization. mp is the maximum
level allowed for the quantization. nBits is the number of bits allowed to store the final result in. The code is the offset
binary value generated. To convert this value to binary reprentation, use the funtion formatBinary[] in this package.

Example

nBits=8;

mp=16;

x=-8.7,;
{delta,xQuantized,code}=toOffsetBinary[x,mp,nBits]

nBits = 8;
X =-817

{delta, quantized, code} =dsp toOfsetBinary [X, np, nBits]
format Bi nary [code, nBits]

-8.7
(0.125, -8.75, 58)

0011 1010
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m = 1;
nBits = 4;
x =1/15.

{del ta, quantized, code} =dsp toOfsetBinary [Xx, np, nBits]
format Bi nary [code, nBits]

0. 06666666666666667
(0.125, 0.125, 9}

1001

m =1;

nBits = 4;

X = -100;

{del ta, quantized, code} =dsp toOfsetBinary [x, np, nBits]
format Bi nary [code, nBits]

(0.125, -1., 0}

0000

toSignMagnitude

? dsp t oSi gnMagni t ude

toSignMagnitude[x,mp,nBits] returns {delta,xQuantized,code}

This function calculates the sign magnitude value (in decimal) of the analog value
x after quantization. mp is the maximum level allowed for the quantization. nBits is the number
of bits allowed to store the final result in. The code is the sign magnitude value generated.
To convert this value to binary reprentation, use the funtion formatBinary[] in this package.

Example

nBits=8;

mp=16;

X= 8.7;
{delta,xQuantized,code}=toSignMagnitude[x,mp,nBits]

np = 16;
nBits = 8;
X =-817

{del ta, quantized, code} = dsp toSi gnMagni tude [x, np, nBits]
format Bi nary [code, nBits]

-8.7
(0.125, -8.75, 198)

1100 0110
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nBits = 8;
X = -6.5;

{del ta, quantized, code} = dsp toSi gnMagni tude [x, np, nBits]
format Bi nary [code, nBits]

{0. 078125, 83, 211}

1101 o011

mp = 10;

nBits = 8;

X = 6.5;

{del ta, quantized, code} = dsp toSi gnMagni tude [x, np, nBits]
format Bi nary [code, nBits]

(0.078125, 83, 83)

0101 0011

mp = 10;

nBits = 8;

X = 600;

{del ta, quantized, code} = dsp t oSi gnMagni tude [x, np, nBits]
format Bi nary [code, nBits]

{0.078125, 127, 127}

0111 1111

mp = 10;

nBits = 8;

X = -600;

{del ta, quantized, code} = dsp t oSi gnMagni t ude [x, np, nBits]
format Bi nary [code, nBits]

{0.078125, -9.921875, 255}

1111 1111

m = 16;

nBits = 8;

X =-8.7;

{del ta, quantized, code} = dsp toSi gnMagni tude [x, np, nBits]
format Bi nary [code, nBits]

(0.125, -8.75, 198}

1100 0110
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mp = 10;

nBits = 8;

X = 600;

{del ta, quantized, code} = dsp toSi gnMagni tude [x, np, nBits]
format Bi nary [code, nBits]

{0. 078125, 9.921875, 127}

0111 1111

toOnesComplement

? dsp” t oOnesConpl enent

toOnesComplement[x,mp,nBits] returns {delta,xQuantized,code}

This function calculates the ones complement value (in decimal) of the analog value
x after quantization. mp is the maximum level allowed for the quantization. nBits is the number
of bits allowed to store the final result in. The code is the ones complement value generated.
To convert this value to binary reprentation, use the funtion formatBinary[] in this package.

nBits = 8;
X = N[-6.5]

{del ta, quantized, code} = dsp t oOnesConpl ement [x, np, nBits]
format Bi nary [code, nBits]

-6.5

{0.078125, -6.484375, 172}

1010 1100

m =1;

nBits = 4;

X = -1/17.

{del ta, quantized, code} = dsp t oOnesConpl enent [x, np, nBits]
dsp format Bi nary [code, nBits]

-0.058823529411764705

(0.125, 0., 15}

1111

m = 1;
nBits = 4;
x = 13 /17.

{del ta, quantized, code} = dsp t oOnesConpl ement [x, np, nBits]
format Bi nary [code, nBits]

0.7647058823529411
{0.125, 0.75, 6}

0110
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nBits = 8;
X =-8.7;

{del ta, quantized, code} = dsp t oOnesConpl ement [x, np, nBits]
format Bi nary [code, nBits]

(0.125, -8.75, 185)

1011 1001

m =1

nBits = 4;

x = 100;

{del ta, quantized, code} = dsp t oOnesConpl enent [x, np, nBits]
format Bi nary [code, nBits]

(0.125, 0.875, 7}

0111

m =1

nBits = 4;

x = -100;

{del ta, quantized, code} = dsp t oOnesConpl enent [x, np, nBits]
format Bi nary [code, nBits]

(0.125, -0.875, 8)

1000
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delta=1/16.;
data = Table[{n xdel ta, formatBi nary [dsp t oOnesConpl ement [nxdelta, 1, 4]1[[311, 41},
{n, 2724 -1, -274, -1}] // Tabl eForm

0.9375 0111
0.875 0111
0.8125 0110
0.75 0110
0.6875 0110
0.625 0101
0.5625 0100
0.5 0100
0.4375 0100
0. 375 0011
0.3125 0010
0.25 0010
0.1875 0010
0.125 0001
0.0625 0000
0 0000
-0.0625 1111
-0.125 1110
-0.1875 1101
-0.25 1101
-0.3125 1101
-0.375 1100
-0.4375 1011
-0.5 1011
-0.5625 1011
-0.625 1010
-0.6875 1001
-0.75 1001
-0.8125 1001
-0.875 1000
-0.9375 1000
-1. 1000
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makePulseTrain

? dsp” makePul seTrai n

makes a pulse train. Returns List of Lines that can be used in a plot

makePulseTrain[delay_?(NumberQ[#]&&Positive[H]&),(x delay of a pulse from time=0x)
period_?(NumberQ[H]&&Positive[]&), (x the time between each pulsex)
range_?(NumberQ[H]&&Positive[H]&), (+ the time duration to usex)
tao_?(NumberQ[#]&&Positive[H#]&),  (+ width of each pulsex)
h_?(NumberQ[#]&&Positive[1]&) (+ height of the pulsex)

]

Returns List of Lines.

EXAMPLE USAGE:

delay=.2;period=1;range=5.;tao=.5; h=1;
currentPulses=dsp~makePulseTrain[delay,period,range,tao,h];
Plot[0,{x,—range,range},

PlotRange—{{-range,range},{0,h}},
Epilog—{Thin,Red,currentPulses}

delay =.2; period =1; range =5.; tao=.5; h=1;
current Pul ses = dsp” nakePul seTrai n [del ay, period, range, tao, hl;
FramedePl ot [0, {x, -range, range},
Pl ot Range -» {{-range, range}, {0, 1.2}}, Epilog - {Thin, Red, currentPul ses}]

12-

o8
0.6/

04
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fcPulseTrain

?dsp” fcPul seTrain

fcPulseTrain[n,h,width,period]
returns the n'th fourier series complex coeff for a pulse train of height h, of width and period

EXAMPLE:

h=1;width=1;period=2;

Table[{n,dsp~ fcPulseTrain[n,h,width,period]},{n,—4,4}]//TableForm

o
O 3|k, N[k 3|k, O

get nth fourier series complex coeff
h=1;, width =1; period = 2;
Tabl e[{n, dsp fcPul seTrain[n, h, width, period]}, {n, -4, 4}] // Tabl eForm

)
-3

o

1
3

o
O Y|k Nk 5| O

A W N P
|
gl

o
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Function to obtain Fourier series approximation given fundemantal period and complex
fourier coefficients 0..N-1
= test on asquarepulse

h=1;, width =1.5; period =4; n =10; delay = 0; range = 10 = peri od;
Clear [t, x];
dsp” get Fouri er Coef f Pul seTrai n [h, wi dth, period, nJ;

data = Tabl e[{t, dsp get Fouri er Approxi mation [t, %, period]}, {t, O, range, .1}1;
current Pul ses = dsp” makePul seTrai n [del ay, period, range, wi dth, hi;
Show[ {Pl ot [0, {x, O, range},

Pl ot Range -» {{0, range}, {-(.2h), 1.5h}}, Epilog -» {Thin, Red, currentPul ses}],
Li st Pl ot [data, Joined -» True]}]

1.5j

AARAAAAMTTT

0.5;

0_07 ﬂVAVAVAvﬂ . ﬂVAvAvAVh . nvAvvavn ﬂvAVAVAVh ﬂVAVAVAvﬂ | ﬂVAvAvAVh . nvAvvavn ﬂvAVAVAVh ﬂVAVAVAvﬂ ﬂVAvAvAVh |
L 10 20 30 40
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numilt

?dsp  nunml t

Function takes a number and return it as string formatted

numlit[v_?(NumberQ[#]&), (xthe number to formats)

s1_?(IntegerQ[#]&& Positive[H] &), (+ total number of digits to use, including the decimal digitss)
s2_?(IntegerQ[#]&& Positive[H] &), (xnumber of digits to display to the right of the decimal pointx)
fontSize_?(IntegerQ[#]&& Positive[H] &) (xfont size to use for string formatingx)

EXAMPLE USAGE:
dsp~numlt[23.321,5,1,14]

23.3

dsp' numi t [23.321, 5, 1, 14]
dsp' nuni t [23.321, 5, 2, 10]

23.3

23.32

getButterworthPolynomial

Generate butterworth H(s) given order and cuttoff

m testl

Clear [s, form];

order = 2;

cuttoff =.2Pi;

{pol es, hs} = dsp get ButterworthPol ynom al [order, cuttoff, s1];
pol es

Tradi ti onal Formehs

{-0.44428829381583657 + 0. 44428829381583657 1, -0.44428829381583657 - 0. 44428829381583657 i}

0.3947841760435742

& + 0.8885765876316731 s + 0.39478417604357424
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= test?
{pol es, hs} = dsp  get ButterworthPol ynom al [order, cuttoff, s, form-"linear"];

pol es
Tradi ti onal Formehs
{-0.44428829381583657 + 0. 44428829381583657 i, -0.44428829381583657 - 0. 44428829381583657 i}

0.4442882938158365 i 0.4442882938158365 i

S+ (0.44428829381583657 + 0.44428829381583657 i) - S+ (0.44428829381583657 — 0.44428829381583657 i)

m test3
{pol es, hs} = dsp getButterworthPol ynom al [order, cuttoff, s, form- "quadratic"];

pol es
Tr adi ti onal Formehs
{-0.44428829381583657 + 0. 44428829381583657 i, -0.44428829381583657 - 0. 44428829381583657 i}

0.3947841760435742

& + 0.8885765876316731 s + 0.39478417604357424

= test4 find normalized Butterworth

{pol es, hs} = dsp getButterworthPol ynom al [5, 1, s, form- "quadratic"];

pol es
Tradi ti onal Formehs

—0.5527864045000425 s — 1.788854381999832 3.23606797749979 s 1.8944271909999164
+

2. + 1.2360679774997898 s + 2. 2. &% + 3.23606797749979 s + 2. s+1

butterd

?dsp butterd
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butterd[fs, variable, pass, stop, apass, astop, method, form];

design a low pass IIR digital filter from Butterwoth analog filter.

fs : sampling frequency in Hz

variable: the variable to use. example z

pass : passband corner frequency in Hz

stop : stopband corner frequency in Hz

apass : attenuation at passband in db, negative value

astop : attenuation at stopband in db, negative value

method: design method to use, can be method->"bilinear",
method—>"impulse", method—>"matchedz". If not given, then the default is "bilinear"

form: the form to return H(z) in. can be form->"linear" returns H(z) in the form linear
terms in the variable, form—>"quadratic" returns H(z) in quadratic terms in the
variable. If this option is not selected, then H(z) will be returned as one polynomial.

Returns {order, cuttoff,digitalFilter, digitalFilterPoles, digitalFilterzeros, a, b},

order: Butterworth filter order found from the specifications

cuttoff: Butterworth cuttoff frequency found from the specifications

digitalFilter: H(z)= B(2)/A(z), transfer function in the form selected above.
digitalFilterPoles: locations of H(z) poles

digitalFilterzeros: locations of H(z) zeros

a : the order+1 filter coefficients for A(z). Coefficients are listed in descending powers of z
b : the order+1 filter coefficients for B(z). Coefficients are listed in descending powers of z

EXAMPLE usage:

Examplel

testl
Clear|z];
fs=20000 (xhzx);
pass=2000 (x hzx);
stop=3000 (xhzx);
apass=-1 (xdbx);
astop=-15 (xdbx);

Printed by Mathematica for Students

test_dsp.nb | 23



24 | test_dsp.nb

{filterOrder,(x ,hz,poles,zeros,a,b}=dsp~butterd[fs,z,pass,stop,apass,astop,form—-"quadratic"];
TraditionalFormehz
(~0.8786598279577791 2% - 0.37458656177813776 2 +0.5040732661796413) /(1. 2* -~ 1.0105788810461338  +
0.35827133770639796) +(0.05327834218253358 2° - 0.1260013381027728 z - 0.1792796802853064) /(1. 2° -
1.2686468043871897 z +0.7051282432185233) +(0.8261193057058389 2 > +0.5806131391232774  —
0.24550616658256155) /(1. 2° - 0.9043660641139339 z +0.2155157075998965)
poles
{0.6343234021935948" +0.550238189012782" §,0.5052894405230669"+0.320864331146801>
i,0.4521830320569668"+0.10510096631175422" i,0.4521830320569668 —0.10510096631175422"
i,0.5052894405230669-0.320864331146801" i,0.6343234021935948 -0.550238189012782" i}
Zeros
{-1,-1,-1,-1,-1,-1}

Example 2
{filterOrder,(x ,hz,poles,zeros,a,b}=dsp~butterd[fs,z,pass,stop,apass,astop,method-"impulse"];
TraditionalFormehz
(12.619276514087685 2°+202.07004065216458 z * + 322.8682701355137 2 * + 82.01389599025786 2 > +
2.0650372218951816 2 ) /(2° - 3.3635196107885204 2 ° +5.068420161781825 2 * - 4.275864216158864 2 ° +
2.1066205743828084 2 — 0.5706492537421755 7 + 0.06607428351012314)
poles
{0.6485799325392105+0.5236709777967435" ,0.5345537369865101 " +0.2901159614276238"
,0.49862613586853954 " +0.09176688744135254 "~ §,0.49862613586853954~—-0.09176688744135254"
,0.5345537369865101~-0.2901159614276238" ,0.6485799325392105-0.5236709777967435" i}
zeros

{00,00,00,00,00,00}

Example 3

{filterOrder,(r ,hz,poles,zeros,a,b}=dsp " butterd[fs,z,pass,stop,apass,astop,form—-"linear"];
TraditionalFormehz
3128.118552949461 -5418.060265807306 i 23348.59474341246 23348.59474341246

1 0.6055598764724284-0.5530645361185251i 1 0.4983854027120604+0.2999718179941991: 1 0.4983854027120604-0.2999718179941991i

z z z

20220.476190462996 - 35022.89211511871i 20220.476190462996+35022.89211511871: 3128.118552949461+5

+ +
1 _ 0-46770597726956914+0.09398839450941299 1 _ 0:46770597726956914-0.09398839450941299 1 _ 0-6055598764724284+

z z z
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zeros
{-1,-1,-1,-1,-1,-1}

butterworth digital filter design

= testl

Clear [z];
fs =20000 (xhzx);

pass = 2000 (* hzx);
stop = 3000 (xhz=*);
apass = -1 (xdbx);
astop = -15 (xdbx);

{filterOrder, ac, hz, poles, zeros, a, b} =

dsp butterd([fs, z, pass, stop, apass, astop, form- "quadratic"];

Tradi ti onal For me

hz

—0.8786598279577791 72 — 0.37458656177813776 z + 0.5040732661796413

+
1. 72 - 1.0105788810461338 z + 0.35827133770639796

0.05327834218253358 72 — 0.1260013381027728 z - 0.1792796802853064

+
1. 72 - 1.2686468043871897 z + 0.7051282432185233

0.8261193057058389 22 + 0.5806131391232774 z — 0.24550616658256155

1. 72 — 0.9043660641139339 z + 0.2155157075998965
pol es

{0.6343234021935948 +0.550238189012782 i, 0.5052894405230669 + 0. 320864331146801 1,
0. 4521830320569668 + 0. 10510096631175422 1, 0.4521830320569668 - 0. 10510096631175422 1,
0.5052894405230669 - 0. 320864331146801 1, 0.6343234021935948 - 0. 550238189012782 1}

zer os

{-1, -1, -1, -1, -1, -1}

= test2

{filterOrder, ac, hz, poles, zeros, a, b} =

dsp butterd[fs, z, pass, stop, apass, astop, nethod - "i npul se" ];
Tradi ti onal For me

hz

(12.619276514087685 7° + 202.07004065216458 7' + 322.8682701355137 Z° + 82.01389599025786 7 + 2.0650372218951816 z) /
(2 - 3.3635196107885204 7° + 5.068420161781825 7' — 4.275864216158864 Z° +
2.1066205743828084 7 — 0.5706492537421755 z + 0.06607428351012314 )

pol es

{0. 6485799325392105 + 0. 5236709777967435 1, 0.5345537369865101 +0.2901159614276238 i,
0.49862613586853954 + 0.09176688744135254 i, 0.49862613586853954 - 0. 09176688744135254 1,
0. 5345537369865101 - 0.2901159614276238 i, 0.6485799325392105 - 0. 5236709777967435 i}
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zer os
{0, ®, @, @ o, «}

{filterOrder, oc, hz, poles, zeros, a, b} =

dsp’butterd[fs, z, pass, stop, apass, astop, form-"linear"];
Tradi ti onal For me

hz
3128.118552949461 — 5418.060265807306 i 23348.59474341246
4 _ 06055598764724284-0.5530645361185251 - 1 _ 04983854027120604+0.2099718179941991 -
z z
23 348.59474341246 20220.476190462996 — 35022.89211511871 @

+
1 0.4983854027120604-0.2999718179941991 i

1 0.46770597726956914+0.09398839450941299 i
z

z
20220.476190462996 + 35022.89211511871 i 3128.118552949461 + 5418.060265807306 i

1 0.46770597726956914-0.09398839450941299
4

1 0.6055598764724284+0.5530645361185251 i
4

getPositiveAndNegativeTerms

? dsp’ get Posi ti veAndNegati veTer ns
{neg,pos}=getPositiveAndNegativeTerms[expr]
Takes an expression expr and returns the terms in it which have negative sign and the terms which have postive sign

EXAMPLE

In[24]:= expr=3—-c+b+d-h
{neg,pos}=getPositiveAndNegativeTerms[expr]

Out[25]= {{—c,—h},{3,b,d}}

Thanks to a post by Albert Retey on Math news group for
the above idea of a solution to a question posted, which | saw on sept 9, 2010.

Clear [c, b, d, h]

expr =3-c+b+d-h

{neg, pos} = dsp getPositiveAndNegati veTerns [expr ]
3+b-c+d-h

{{7C1 7h}v {31 b! d}}
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butterToLowPass

? dsp” butter ToLowPass

butterToLowPass[Hs,),variable];
convert Butterworth normalized low pass analog filter Hs to low pass
analog filter with cutoff frequency Q.. Variable is the symbolic variable of the polynomial.

m testl

make a normalized butter low pass analog filter of order 4

Clear [s, w];
{pol es, hs} = dsp get ButterworthPol ynom al [4, 1, s];
Tradi ti onal For mehs

1

s + 2.613125929752753 S° + 3.414213562373095 §* + 2.613125929752753 s + 1.
convert the cut off frequency to anew cutoff frequency

2 Pi

T 0.25 %107 (-3)
hsLow = dsp” but t er ToLowPass [hs, oc, s]1;
Tradi ti onal FormehsLow

1. /(2.5063433238975437 x 10~ '8 s* +
1.646041423861472 x 1013 §* + 5.4051899898025724 x 107 §? + 0.0001039729771604389 s + 1.)

Plot the magnitude spectrums

ft New = hsLow /. s » (I w);
Pl ot [Abs [ft New], {w, O, 5ac}, PlotRange » Al |,
AxesOrigin » {0, 0}, Epilog » Line[{{ac, 0}, {ec, 1}}1]

20000

40000

. — . |
60000 80000 100000 120000
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butterToHighPass

? dsp” butter ToH ghPass

butterToHighPass[Hs,Q,variable];
convert Butterworth normalized low pass analog filter Hs to high pass
analog filter with corner frequency Q. Variable is the symbolic variable of the polynomial.

m testl

make a normalized butter low pass analog filter of order 4

Cl ear [s, w];
{pol es, hs} = dsp” getButterworthPol ynom al [4, 1, s]1;
Tradi ti onal Formehs

1

s + 2.613125929752753 S° + 3.414213562373095 S + 2.613125929752753 s + 1.
convert to high pass

2 Pi

7 0.25 %107 (-3)
hsHi gh = dsp” butt er ToH ghPass [hs, Q, s];
Tradi ti onal For m@hsHi gh

Q

25132. 741228718343

1

3.9898763687527386x 107 4.1483932456130336x 103 2.156603980893214x10° " 65675.01779052998

1+ g + < + 2 S

Plot the magnitude spectrums

ftNew=hsHigh /. s » (I w);
Pl ot [Abs [ft New], {w, 0, 50c}, PlotRange » All,
AxesOrigin -» {0, 0}, Epilog » Line[{{ac, O}, {ac, 1}}1]

08
06
04

02

20000 40000

60000

L L L L 1 L L L 1 L
80000 100000 120000
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butterToBandPass

? dsp” butt er ToBandPass

butterToBandPass[Hs,Q4,Q,,variable];
convert Butterworth normalized low pass analog filter Hs to band pass analog filter with low corner
frequency Q, and high corner frequency Q,. Variable is the symbolic variable of the polynomial.

m testl

make a normalized butter low pass analog filter of order 4

Cl ear [s, w];
{pol es, hs} = dsp” getButterworthPol ynom al [4, 1, s]1;
Tradi ti onal Formehs

1

s + 2.613125929752753 S° + 3.414213562373095 S + 2.613125929752753 s + 1.
convert to band pass

2 Pi
0.25 % 10" (-3)
4 Pi
0.25 % 10~ (-3)
hsBandPass = dsp  butter ToBandPass [hs, o1, o2, s];
Tradi ti onal For mehsBandPass

[e18

+ +

[5.4051899898025724 x 1079 (s2 + 1.2633093633394377 x 10°)°  0.0001039729771604389 (< + 1.2633093633394377 x 10°)
./
& s

2.5063433238975437 x 1018 (5 + 1.2633093633304377 x 10°)*

+
st
1.646041423861472 x 10713 (<2 + 1.2633093633394377 x 10°)°
+ 1
s

Plot the magnitude spectrums
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ft New = hsBandPass /. s » (| w);
Pl ot [Abs [ft New], {w, O, 5ac}, PlotRange » All, AxesOrigin -» {0, 0},
Epilog -» {Line[{{@l, 0}, {1, 1}}], Line[{{@2, 0}, {@2, 1}}1}]

0.8
06+
04r

02l

20000 40000

. P , .
60000 80000 100000 120000

butterToBandStop

? dsp” butter ToBandSt op

butterToBandStop[Hs,(1,Q,,variable];
convert Butterworth normalized low pass analog filter Hs to band stop analog filter with low corner
frequency Q, and high corner frequency Q,. Variable is the symbolic variable of the polynomial.

m testl

make a normalized butter low pass analog filter of order 4

C ear [s, w];
{pol es, hs} = dsp” getButterworthPol ynom al [4, 1, s]1;
Tradi tional Formehs

1

s* + 2.613125929752753 S° + 3.414213562373095 s + 2.613125929752753 s + 1.

convert to band stop
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2 Pi
o —
0.25 % 10" (-3)

4 Pi

0.25 % 10 (-3)
hsBandSt op = dsp” butter ToBandStop [hs, @1, o2, s];
Tradi ti onal For mehsBandSt op

2.156603980893214 x 10° &2 65675.01779052998 s
1. / + +
(& + 1.2633093633394377 x 10°)° & + 1.2633093633394377 x 10°
3.9898763687527386 x 10 s* 4.1483932456130336 x 1013 s
+ + 1.

(& + 1.2633093633394377 x 10°)" (<2 + 1.2633093633394377 x 10°)°

Plot the magnitude spectrums

ft New = hsBandStop /. s » (I w);
Pl ot [Abs [ft New], {w, O, 5ac}, PlotRange » All, AxesOrigin -» {0, 0},
Epilog -» {Line[{{Ql, 0}, {1, 1}}1, Line[{{@2, 0}, {@2, 1}}1}]

06+

02l

20000 40000 60000

L L L L Il L L L Il L
80000 100000 120000
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plotFourierTransform

? dsp” pl ot Fouri er Transform

plotFourierTransform[ft,w,from,to,ymin,ymax,arrowheadsize]
Plot fourier transform, including pulses

EXAMPLE
X[t_]:=2 Cos[2 Pi 10 t]
Plot[x[t],{t,0, 2/10}]

FourierTransform[x[t],t,w,FourierParameters—{-1,-1}];

dsp "~ plotFourierTransform([%,t,0,2 period,—2,2,Small]
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fm=10;

period =1/fm

X[t_]1:=2Cos[2Pi fmt]

Plot [x[t], {t, O, 2/10}]

Fourier Transform[x[t], t, w, FourierParaneters - {0, 2Pi }J;

Show First edsp” pl ot Fouri er Transform[%, w, 0, 2 period, -2, 2, Large],
AxesLabel - {"w (hz)", "F(W)"}]

2

L L L L L 1 L L L L
0.10 0.15 0.20

af
Sl
Fw)
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+ | A
—— e b
-10 -5 r 5 10
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Funtion to divide polynomial by powers of variable and keep powers in form z™"

di vi dePol yFor mat t edV1 [poly_, var_, order_? (I nteger Q[#] & Positive[#] &1 : =
Modul e [{}, Apart [poly /var “order]];

(¥t hanks to Carlos Casar de Araujo on mathgroup for the followi ng 2 functionsx)

MakeBoxes [Power [x_, y_? (Number Q[#] & Negative [#] &) ], Traditional Form] : =
Super scri pt Box [MakeBoxes [x, Traditional Form], MakeBoxes [y, Traditional Form]];
MakeBoxes [Ti mes [c_, p: Power [x_, y_? (Nunber Q[#] & Negati ve [#] &) ]], Traditional Form] : = If [
OrderedQ[{c, p}], RowBox [{MakeBoxes [c, Traditi onal Form], MakeBoxes [p, Traditional Form]}1],
RowBox [ {MakeBoxes [p, Traditional Form], MakeBoxes [c, Traditional Form]}1];

Printed by Mathematica for Students



34—| test_dsp.nb

m test

FramedeStyl e[Tradi ti onal For m[di vi dePol yFormattedVl [1 +X, X, 3]1], 14]
Tradi tional For m[di vi dePol yFormattedV1l [1 +X +x”"3, x, 3]]
Tradi tional For m[di vi dePol yFormattedV1 [1 +X + X2 +Xx"7, X, 3]]

Gid[{
{FranedeStyl e[Tradi tional Form[1/z], 14]}}, Alignment -» Center, Spacings » 1

-2

X “+X

X2+x3+1

xTex?2+x3+xt

z-1

Function to convert low pass digital filter to high pass using frequency transformation

m test

Cl ear [z, hz, al pha, cut O f Frequency, wp]
0.001836 (1+z"~-1)"4

(1-1.5548 27 -1+0.649327-2) (1-1.49962z"-1 +0.8482 z" -2) ]

hz[z_] : = Modul e[{},

0.02426 (1-z7-1)"4 ]
(1-1.0416 27 -1+0.4019 27 -2) (1-0.55612"-1+0.7647 z"-2) 1’

expectedHz [z_] :

I\/bdule[{},

cut & f Frequency = .2 Pi;

wp+cut Of f Fr equency
Cos [—]

2
al pha = -

wp-cut O f Fr equency ’
Cos [—2 ]

foundHz[z_] : = l\/bdule[{}, hz[[_ z" -1 +al pha ]”

l+alphaz™-1
magPhasePl ot [foundHz, 1]

-0.38196601125010515

Printed by Mathematica for Students



test_dsp.nb | 35

0. 001836

|

1 -

1-0.38196601125010515 e i 847822 J4
~0.38196601125010515 + ¢ i 847822

1+ 4

(-0. 38196601125010515 + e~ «$47822) 2 -0.38196601125010515 + e ! «847822

0.8482 (1 -0.38196601125010515 e “%47822)% 1 4996 (1 - 0. 38196601125010515 e ' “$47822) ]

0.6493 (1 -0.38196601125010515 e*iuﬁ47822)2 1.5548 (1 -0.38196601125010515 e ! «#47822) J]
1+ i

(—O. 38196601125010515 + ¢ «$47822 ) 2 -0.38196601125010515 + -1 «$47822

magnitude spectrum of digital filter
IHE)|

y [T T—
/
0.2 : /

0.0 : ———/

2n Ar .6 8n n

phase spectrum of digital filter

phase H(el“)

200

‘_.———"'/
0 w
2n Ar .6rr 8 n
~ //
V

-200
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= test?
Clear [z, hz, X, expectedHz, foundHz]
0.175z~-1

1-1.3182"—1+0.4932"—2]'
0.122z7-2 - 0.258 2~ -1 +0.12

0.059z7-2-0.111z"~-1+0. 327]

hz[z_] : = Mdul e[{},

1

expectedHz [z_] : = Modul e[{},

cut & f Frequency = .16 Pi ;

+cut O f Frequenc
COS[Wp ; q Y]

al pha = - oy ;
-cut requenc
Cos [wp q y]

2

foundHz [z_1] : = I\/bdule[{}, hz[(_ z"-1+al pha ]”

l+alphaz”™-1

magPhasePl ot [foundHz, 1]

- (0.175 (1-0.6855669071257852 ¢ ' “#493%) )/ (-0.6855669071257852 + e * “$49394)

1+ +

0.493 (1-0.6855669071257852 ¢ 14493%4)2 1 318 (1 -0. 6855669071257852 e * «$4939)
(-0. 6855669071257852 + ¢ 1849394 ) 2 -0. 6855669071257852 + e ' #4939
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Function to convert low pass digital filter to bandpass digital filter using frequency
transformation

m test

Cl ear [z, hz, al pha, cutOFf, wl, w2, k]
0.001836 (1+z"-1)"4

(1-1.5548 2" -1+0.649327-2) (1-1.49962z"-1 +0.8482 z"-2) ]

hz[z_] : = Modul e[{},

cutoff =.2Pi;
wl =.4Pi;
W2 =.6Pi;
W2 +wW1L
alpha- [ ]
w2 - wl
k=Oot[ ]Tan[cutOff/z];
A_Z_Za:(phak A_ +k_
founde[z_]:=l\/bduIe[{}, hz[-N[ — jamhak - ]”
kilz “2-—3 "=

magPhasePl ot [foundHz, 1]
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magnitude spectrum of digital filter
IH(E*)|
1.0t

08}
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phase spectrum of digital filter
phase H(el*)
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Function to convert low pass digital filter to bandstop digital filter by frequency
transformation

m test

Cl ear [z, hz, al pha, cutOFf, wl, w2, k]
0.001836 (1+z"-1)"4

(1-1.5548 2" -1+0.649327-2) (1-1.49962z"-1 +0.8482 z"-2) ]

hz[z_] : = Modul e[{},

cutoff =.2Pi;
[V\Q+V\LI.]
alpha-
k=Tan[ ]Tan[cuto‘f /21;
2oz e
foundHz [z_] :=l\/bdu|e[{}, hz[N[ n +2al - u ] ]:
zh-2- SR 21

magPhasePl ot [foundHz, 1]
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IH(E*)|

10t _—

08}

06}

04+

02}

0.0F

\.

J

Ar
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phase spectrum of digital filter

phase H(el*)
200

/|

7/

N
IS)

.67 /a/ Fis

Appl y [a, I nteger]
I nt eger

Head [a]

Real

a /. Real - Integer

2.

a

2.

Round [a]
2
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