Signal 89, v2.4.0. 2000-06-08
Lennart Isaksson

SIGNALSBY

Digital Signal Processing

For the TI-89

Author:

Lennart Isaksson



Signal 89, v2.4.0. 2000-06-08 2
Lennart Isaksson
Table of contents
TABLE OF CONTENTS 2
THE REASON THIS PROGRAM EXIST 4
WHAT’S NEW? 4
INSTALLATION OF SIGNALS9 7
P ettt et e e —e et e eeteeea——e e e et eeteeea—eeatteeeaeentteeateeeeaeeeeteeeteas 7
TI8O .ottt e e e et e e e et e—e ettt e—e e ettt e a—eeaeeea—eeatteeateeateeeteeateeateeareeeteeaaeeareeas 7
DEFINITION OF FOURIER TRANSFORM EQUATION 7
PROGRAMS AND FUNCTIONS 8
HELP, HELP( ) 1ntteutteie ettt ettt ettt et et et st e s st et e est e anseesseesae s ee s e enseensesssesseanseanseenseasseasaessaesseenseansesnsennsenns 8
FILTER, 1-D, FILTER( , , ) sveetesttertteteeteseesttenseessessessesssesseesseenseassesssesssesseesseensesssesssesssesseenseensesssesssesssesseesseesses 10
CONVOLUTION, 1=D; CONV(, ) tettiiieieeiiesiieieetesitestte st esteeaeseesseesseesseenseessesssessaesseenseensesnsesnsesseenseenseassenssenseens 11
CONVOLUTION, 2-D; CONV2( ;) etrieriieriieriieieeieettesteesteestesaesstesseesseasssassesssessaessaenseensesnsesssesseesseesseenseessenssessenns 12
CORRELATION , 1-D; XCORR( , )uveeuveeureruieriianieeieetestestesseesseeseenseassesssasseesaesesssesnsesssesssesssessesssesnsesssesssesseensees 13
CORRELATION , 2-D); XCORRZ((, ) eeeeveeiurierieeiieenreessutenueesseessseessseessseessseesssessssessssessssessssessssessssesssseesssessssesssses 14
(0130010 7. 3 B B 2R O 1T (R TSRO 15
RADIX-2 FAST FOURIER TRANSFORM, 1-D, FET( )..iiiiiiiiiiiiieiiiesieecie ettt ene e eane e 16
RADIX-2 INVERSE FAST FOURIER TRANSFORM, 1-D, TFFT( ) ..ccviioiiiiiieiieiiecieeteee et 17
RADIX-2 FAST FOURIER TRANSFORM, 2-D, FET2()..utiiiiiiiieeiiieiie ettt ettt eieeeeeeine e eeeeesaeensneenes 18
RADIX-2 INVERSE FAST FOURIER TRANSFORM, 2-D, TFFT2( ) ..ueieiiiiiiieiiieciieeieete et 18
RADIX-2 (WITH REAL AND IMAGINARY PART) FFT AND IFFT, 1-D, FETRI(, ).vveeveveieieeieeieieieeeeeie e 19
DISCRETE FOURIER TRANSFORM, 1-D, DEFT () .eiiiiiiiiiiiiiiiiieeiie ettt ettt 20
INVERSE DISCRETE FOURIER TRANSFORM, 1-D, IDFT( )...eeivieiieiieiieiieriieiieieeie ettt 20
DISCRETE FOURIER TRANSFORM GRAPHIC, 1-D, DFTG( ) ..eeveevieiieiieieiie ettt 21
INVERSE DISCRETE FOURIER TRANSFORM, 1-D, IDFTG( )...eeovieiieiieiieiieiiesieeie ettt 22
DISCRETE FOURIER TRANSFORM, 2-D), DEFT2() .eeviiiieiieiieeiieiieieeie ettt se e ens 23
INVERSE DISCRETE FOURIER TRANSFORM, 2-D, IDFT2( )..teecciieiiiiiiieiiieiieeeieesie e esiveesveeseveesveeseveesnvae e 24
DISCRETE COSINE TRANSFORM, 2-D, DCT2( ) .uiieitiiiiieeiiiieiieeiieesieeeieeesiteeiteeseteetaeesaeeesaeessaeesseessnessseenssesnns 25
INVERSE DISCRETE COSINE TRANSFORM, 2-D, IDCT2( ) .evvieeieeiiiieiieeeieesieesieeseeeesiveeseeeeseveenaneessneeneneesnneennnes 26
GET EXPRESSION FROM THE RESULT, GETEXPR (( ).veeiutteeueerieesueesueenueesreesseessseessseessseesssessssessssessssesssseessesssnes 27
MATRIX FLIP, 2-D, FLIP( )..utteetteetteeitieeiteeeiteeeiteeesteeeteesseesseeessaesnsaeassessssessssessssessssessssessssessssessssessssessssessssesnnns 28
MATRIX FLIPUD, 2-D, FLIPUD( ) .teutteuteetesttesttesteeseeseesteeseesseenseesseesesssesssesssesseesseesssansesssesssessesssesssesssesssessesnes 28
MATRIX FLIPLR, 2-D, FLIPLR( ) c.tteutteteiieitiestierteeteeteetesetesseenseesseensesssesssesssesseesseesssensesssesssssssessesssesssesssesnsesses 29
MATRIX ROTO0, 2-D, ROTOO( ) .eeutieiiieiiieeiieitteette st ste e st set e st e st e st e st e sabeesabeessbeesabeesnbeesabaesnbeesabeesnseesane 29
MATRIX ROUND, 2-D, MROUND( , ) teeuteitieiuiertienieeieeteestesstesseenseeseessesssesssesssesseenseesseensesssessssssesssesssesssesnsesnsesnes 30
MATRIX ZERO PADDING, 2-D, ZEROPAD( , )eevteuierieeeeuienieenseenseeseasessesssesssesseesseesssassesssessssssesssesssesssesssesssesses 30
EYE, IDENTITY MATRIX , 2-D, EYE( ) .rittteeteetietieieeiesiesite st este et te sttt et e e enteensessaesneesseenseenseenseensesssesseensenn 31
PLOTW( , ) eutttetieeitie ettt ettt et e et e et e et e e s teeesbeeeabeeesbaeasseeessaesnsaeassaeanseeassaesnseeassaeasseenssaeansaeensaeanseesnseeanseesnn 31
210 (07N () ISP URUUSURPRRRPRRNt 31
TRIANGI( ) uvteeutteereestieateenteeateesteesaeessseessseessseessseessseessesessseensseessssasessssseesesssssesnsessnsssssseessssessssesssseensseesssesnsees 31
BARTLETT( ) touvteeetttertteeitteeitteeiteeeteeeteesteessseessseeesseessseeasseessseesssessnsesassessnsessssessnsessssesssseesssesssessssesassessnsessssesnnns 32
BLACKMAN( ).utteetttiiteeitieeitteeittesteeeteesteeeteessteeessaessseeasseessseessseesssaeassaessseesssessssesasseessseesssesssseessseeassessnsessssessnns 32
HAMMING( ) e outieeiiteite ettt ettt e et e st e et e st eebeessteeesbeeasseeessaesmsaeassaeanseesssaesnseesssaeasseenssaeanseeessaesnseesnsesanseesnes 32
HANNING( ) envtetteteeteeteete et et et et e et e st e st e e bt e seeseesaeessee st esseanseesseesseasaesseenseenseenseensesneeseanseanseenseanseensesnnesneennns 32
SINC( 5 )eevrerreereaeestesstasttaseeseassessaesseeseesseesseassesseaseasssanseanseassesssenseenseansesnsesssesssanseanssanseansesnsesssessnesseenseansesnsenns 33
MCCLELLAN, 2-D, CLELLAN( , ) tieeeetttteiittteeeititeesittteesetreeaassseeessssesessssssaassssssssssssesssssssssssssessssssseesssssssssssssessnsns 34
IMENU, MENUSD( )t euttiuteeuieetietieteeteetesttesttesteesseassesssesseasstesseanseasseassessaeaseenseensesnsesssesnsesssenseenseensesnsesssesnsesseenses 35



Signal 89, v2.4.0. 2000-06-08 3

Lennart Isaksson

EXAMPLES 36
HOW TO USE DFT AND IDFT INSTEAD OF CONVOLUTION. ....couuuuiiiiiiiiitieeeeeeeeeeieeeeeeeteaaieeeseeesaaanaeesesessannaaas 36
HOW TO MAKE AN IMAGINARY PARTIAL FRACTION. ......iiiiiiiiiiee et eiieetee e e e et e e e e e eeeaaeeeeeeesaaanneeseeesaannnaeens 37

AUTHOR 39

CREDITS 39

REFERENCE 40




Signal 89, v2.4.0. 2000-06-08
Lennart Isaksson

The reason this program exist

The main reason is to have a fast reachable “portable Matlab program” at
hand any time.
The second reason, it’s fun.

“I still don’t have all the answer, but I'm beginning to ask the right
questions.”

What's New?

Version 2.4.0.

Type | Name / prog / func | Description

New Plotw () A program to plot windows functions.
New Boxcar () Window functions for FIR filter design.
New Triang () Window functions for FIR filter design.
New Bartlett () Window functions for FIR filter design.
New Blackman () Window functions for FIR filter design.
New Hamming () Window functions for FIR filter design.
New Hanning () Window functions for FIR filter design.
New Sinc () Sinc.

Version 2.3.2.

Type ||Name / prog / func "Description
Changed Documentation Improved.
New Getexpr () Put the result in a vector.

Version 2.3.1.

Type | Name / prog / func | Description

Changed Help () Improved.

Version 2.3.0.

Type ||Name / prog / func "Description
New Filter () Filter a signal.
New Eye () Identity matrix or flipped when minus.

Version 2.2.2.

Type | Name / prog / func | Description
New Xcorr2 () Correlation in 2-D.
New FFTri () New FFT and IFFT, code from “Numerical

Recipes in C”, Cambridge University Press.
This brings out the real and imaginary
part.

New Help () “Born to make you happy”.
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Changed DFT2 () New name and from a program to a function.
Changed IDFT2 () New name and from a program to a function.
Changed DCT2 () New name and from a program to a function.
Changed IDCT2 () New name and from a program to a function.
Changed Xcorr () From a program to a function.
Changed MRound () From a program to a function.
Changed ZeroPad () From a program to a function and some
improvements.
Changed Circ() From a program to a function and some
improvements.
Changed Conv () From a program to a function.
Changed Conv?2 () From a program to a function.
Changed MENUS89 () Some miner improvements.
Version 2.1.0.
Type ||Name / prog / func "Description
New FFT () Radix-2 Fast Fourier Transform, decimation
in frequency. It’s a function.
New IFFT () Radix-2 Inverse Fast Fourier Transform,
decimation in frequency. It’s a function.
Changed DFT () Discrete Fourier Transform 1-D.
It’s a function.
Changed IDFT () Inverse Discrete Fourier Transform 1-D.
It’s a function.
Changed DFTG () New name.
Discrete Fourier Transform Graphic.
Changed IDFTG () New name.
Discrete Fourier Transform (Graphic).
New Flip () Flips a matrix vertical and horizontal.
It’s a function.
New F1lipUD () Flips a matrix horizontal.
It’s a function.
New F1ipLR () Flips a matrix vertical.
It’s a function.
New Rot90 Rotate a matrix 90 degree,
counterclockwise.
It’s a function.
Changed MENUS89 () New name and some additions.
Changed Mswap () New name, Flip().
Version 2.0.0.
Type | Name / prog / func | Description
Changed Documentation Documentation made in Microsoft Word.
New DFT2D () Discrete Fourier Transform in 2 dimensions.
New IDFT2D () Inverse Discrete Fourier Transform in 2
dimensions.
New DCT2 () Discrete Cosine Transform in 2 dimensions.
New IDCT2 () Inverse Discrete Cosine Transform in 2
dimensions.
New xcorr () Correlation of two signals, auto or cross,
depend on the input signal.
New Conv?2 () Convolution with x and h in 2 dimensions.
New MNUL1 () Menu for the “Signal89”.
New mswap () Flips the matrix vertical and horizontal.
New mround () Makes round inside the matrix.

New zeropad () Makes some zero padding round the matrix.
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New clellan () Function, McClellan.

Changed conv () New name. Convolution, list is changed to
matrix.

Changed circ () New name. Circular (convolution), list is
changed to matrix.

Changed dft () List is changed to matrix and some of the
graphics.

Changed idft () List is changed to matrix.
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Installation of signal89

PC

e Start TI-Graph Link 89.

e Push on the icon or menu “Link” and “Send..”.

e Took for “Signal89.89g” and select it. Then push on the “OK” button.

TI89

e Run the program “Menu89” via "2 and “var-link”.
e After that, show the new signal89 menu via “2°% and “custom”.

e Then push “F1” and “SetFold(signal)”. If using older version than 2.4.0.

Definition of Fourier Transform Equation

Time domain Frequency domain

)= JH(r) e H(P)= [hlo)-e =

N-1 2rmikn N-1 2rmikn

LS uw).e HE)=Y hn)-e A

1
N % -
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Help, Help()

To make things easier.

SIGHMAL 29
B

Lennart Isaksson

Programs and functions

SetFoldimain? Flilr SetFoldisignal Flals| |menug?od Fl4l»
; 2 Co & ; 1 =2 =
GD_ tO main " . " siona Init the menn
Directory Directory
filterib,a,x) FZ4le| |wcorrix,y) Fzale| |comwiz,¥) FZ4lr
E }:,.:l:.+h.:2:.z—l ] = Make a conwvolution g
H=g=——— -1 & Cross -» xcorrix,yl g of two signals g
aflitalz)z g Auto  -> xcorrix,x) S , =
all)=1 g = It's t.hel:samn:la =
length (H) =lengthix) 85 HEOITLY, X
circit,0) FZ4. |FFTriix, 1) FZ4o |FFT(x) Fzal»
Circular conwvolution E {11:1?;;1—1 E Badix-Z E
Mot-litee ar | H Fast Fourier =
g x=[0,0] r=real 8 Transform g
= r i i=imag = =
IFFT 7y} Fz4od |DTFix) Fz4o |[IDFT iy} FZ4ot
Dadix-Z E Discrete Fourier E Invers Discrete E
Invers Fast Fourier S Tramsform ] Fourier Transform ]
Transform E E E
DFTG (x) Fz4o |IDFTGiy) Fzal»
Discrete Fourier g Inverse Discrete ]
Transform Graphic g Fourier Transform ]
g Graphic g

Bow and Column

decomposition

convZ {x,v) F34:p XoorrE (M, ) F34:p FFTE (x) ng:p
= Make a correlation g Fast Fourier Tran=sform 5

Make a convolution 5 of two martrixes S =
. g = Bow and Column =

of two matrixes = = T =l

Min =ize & by 2 deconposition

IFFTZiy! Faov| |DFTZix) Fz4te| [IDFTEZ(v) Fa4oh
Inwverse Fast Fourier g Discrete Fourier = Inverse Discrete =
Transform E Transform =D E Fourier Transform E
] H ZD H
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DCTZ ix) Fz4s| [TDCTEZ(y) Faior
Discrete Cosine g Inverse Discrete g
Transform ZD g Cosine Transform ZD S
Flipi Fa4oy |FlipUDi F442s| |FlipLR{ Fd4ot
'Fhe HE_lt’rix . E The Matrix is=s E The Matrix is E
is flipped Vertical 3 flipped horizontal = flipped wertical =
atnnd Horizontal
RotS0| Fa12y| |Evel Fa«Jy| |ZeroPadix,3) Fd4ot
Lotate 90 degree E EveiZ) Eé?} E Zern.paddlng a E
counterclockwise s S Hatrixz to a =
Eye (-Z) [01] certain size
[10]

MIcundiv,0) F44:p
Bound off both real E
ard imayg part =
Eoxcar (Num) F54:p Triatug (Hum) ng:p Bartlett (Num) ng:p
Elackmar (Bham) FL4y| |Hammire (Huam) FE4» Hanning (Muam) FE4»
sitc (Huam, Muamn) FE4»
Helpi) Feilr

Born to make -

oA
happy
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Filter, 1-D, filter(, , )

This is a one dimensional digital filter. The filter is a “Direct Form II Transposed”.
If a[1] is not equal to 1, FILTER normalizes the filter coefficients by a[1].
The length of x is the same as the result.

-1 -n
B(z) b(1) + b(2)z + + b(nb+1l)z
H(z) = === = - e e oo -
-1 -n
A(z) a(l) + a(2)z + + a(na+l)z
[1] ->b
[1 .5]->a
[1T 0 0 0]->x
filter(b,a,x)->[1 -.5 .25 -.125]

It’s a function, so the result is presented directly.

Fi~ TF2{F=d Flr |FE~-
Falder|1=Djz=-DjMatrix|He1r|

"[i]+k [1]
5[l .3]1+a [1 .31
i1 @ 0 O]+x

[1 & 0 O]

B filterih, 3, x)
[1 -.5 .25 -.125]

SIGMAL KAD AUTO FUNC H/50
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Convolution, 1-D, conv(, )

Make a convolution of two signals.

[0,1,2,3]->x%
[2,2,2]‘>Y
conv (x,y)

or

conv([0,1,2,3]1,[2,2,2])

It’s a function, so the result is presented directly.

Fil~ TFeF=4 F4~ |FE~r
Folder |1-Df2-D|Fatrix|Hi

a1 2 3F]l+x

a2 2 2]y

LRl IRy
[0 2 &

e 1 2 3]
[2 2 2]

12 18 &]

)
EAD AUTO

FUMC ]l
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Convolution, 2-D, Conv2(, )

Make a convolution of two matrixes.
[1,4;2,8]->x

[3:7;2,6]‘>Y

conv2 (x,Vy)

or

conv2([1,4;2,8],1[3,7;2,6])

It’s a function, so the result is presented directly.

Fir |FZqF%q Fu= [FEx
Folder|i=D0jz=D{Matrix|Hel
[ 1 4] [ 1 4]
[ ] 5w
2 8 2 8
3 ?] [3 ?]
[ ] >y
2 6 2 B
319 28]
B o2, Yl 2 32 &0
4 28 48]
e
RAD AUTO FUME Tl
Considerations.
1. When using conv2 (), both matrixes has to be the same size.

the zeropad() .
2. The minimum size of the matrix is 2 by 2.

If not,

use
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Correlation , 1-D, Xcorr( , )

If you have two different signals then it’s cross correlation. If you have
the same signal then it’s auto correlation.

Auto correlation of a signal.

[1,1,1]->x
XCorr (x, x)

or

xcorr([1,1,1],[1,1,11)

Cross correlation of a signal.

[1,1,1]->x
[2,2,2]->y
xcorr (x,y)

or

xcorr([1,1,1]1,1[2,2,21)

It’s a function, so the result is there directly.

Fi~ TF2{F=d Flr |FE~-
Falder|1=Djz=-DjMatrix|He1r|

a1 1 1]+ = [1
w[2 2 2]y [2
Bxcorrix,x) [1 2 3
mxcorrix,d) [2 4 &
HCOPFCx, 4D

R[I RUTO FUNC H/50

1]
2]
1]
2]

f BRI ORI =
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Correlation , 2-D, Xcorr2(, )
Make a correlation of two matrixes.
[1,4;2,8] ->x%
[3,7;2,6]->y
xcorr2 (x,vy)
or
xcorr2([1,4;2,8]1,1[3,7;2,61)
It’s a function, so the result is presented directly.
Fi- |Fz2dF= Fy=r |FE~
Folder| 1-I:l|2-I:l Fatrix|He 1
.[1 4]+>< [1 4]
2 8 2 8
[3 ?] [3 ?]
| | - g
Z2 B Z2 B
& 26 8]
LIl Ol T T ) [19 83 28
! 14 62 24]
RHIJTIII FLMC A0
Considerations.
1. When using xcorr2(), both matrixes has to be the same size. If not, use

the zeropad() .
2. The minimum size of the matrix is 2 by 2.
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Circular, 1-D, Circ(, )

Circular (non linear), use the Convol() first.
The second parameter is the size of the vector. If it’s set by zero it
takes the length of the vector.

[0,1,3,5,3,0,0]->t
circ(t,4)

or
cire([0,1,3,5,3,0,0],4)

It’s a function, so the result is presented directly.

Fi~ TF2{F=d Flr |FE~-
Falder|1=Djz=-DjMatrix|He1r|

o1 2 3 4 I+t
@1 2 3 4 3]
B circit, 4) [4 & 2 3]

RH[I RUTO FUNC FAET]
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Radix-2 Fast Fourier Transform, 1-D, FFT( )

This is a radix-2 Fast Fourier Transform decimation in frequency. This make
a split X (k) into even- and odd number samples. The function is making an
auto zero padding if necessary. See Definition of Fourier Transform Equation.

The matrix should be 27%.

But what is a FFT anyway?
FFT is a DFT, but FFT is divided the calculation in a more intelligent way.

& (m = x(”)”(” +§J g,(n) :(X(n)—x(nJr%D-e(W)

(/%)_1 2wk, (1%)_1 (c2mnk
X@h= 3 gme 7 XQ@k+D)= Y g(me
n=0 n=0
[0,1,2,3]->x%
fft (%)
or

ffe(f0,1,2,31])

It’s a function, so the result is presented directly.
[6 -2+21 -2 -2-21]
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Radix-2 Inverse Fast Fourier Transform, 1-D, IFFT()

This is a radix-2 Inverse Fast Fourier Transform decimation in frequency.
This make a split X (k) into even- and odd number samples. The function is
making an auto zero padding if necessary. See Definition of Fourier Transform

Equation.
N N (i'Z'ﬂ"}’l)
g (n) =x(n)+x n+? g,(n)=| x(n)—x n+? e N
1 B B2k, A J2mnk
X@h=—- 2 glm-e ™ X@k+=— 3 gynye
n=0 n=0

[6,-2+21,-2,-2-21]->x
ifft (x)

or
ifft([6,-2+21,-2,-2-21])

It’s a function, so the result is presented directly.
[0 1 2 3]
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Radix-2 Fast Fourier Transform, 2-D, FFT2( )

Same as FFT( ) but with Row and Column decomposition.

Radix-2 Inverse Fast Fourier Transform, 2-D, IFFT2( )

Same as IFFT( ) but with Row and Column decomposition.
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Radix-2 (with real and imaginary part) FFT and IFFT, 1-D, FFTri(, )

This is a radix-2 Fast Fourier Transform and Inverse Fast Fourier Transform
decimation in frequency. (Originally it was a graphic program but I made it
more general and a function). See Definition of Fourier Transform Equation.

As you can se, the code is excellent to use in C++, C or other program
language.

(The original code is from “Numerical Recipes in C”, Cambridge Univ Press, but it’s wrong, so I made some
changes to it. The error was then going from frequency domain back to the time domain, it didn’t divided the
amount of samples as you should do. Changed by Lennart Isaksson.)

r stands for real part.
i stands for imaginary part.

FFTri(x,1) FFT=1

[0,0,1,0,2,0,3,0]->x

riririri

FFTri(x,1)

or

FFTri([0,0,1,0,2,0,3,0],1)

It’s a function, so the result is presented directly.

[6.00 0.00 -2.00 2.00 -2.00 0.00 -2.00 -2.00]
r i r i r i r i

FFTri(x,-1) IFFT=-1

[6.00 0.00 -2.00 2.00 -2.00 0.00 -2.00 -2.00]->x
r i r i r i r i
FFTri(x,-1)

or
FFTri([6.00 0.00 -2.00 2.00 -2.00 0.00 -2.00 -2.00],-1)
It’s a function, so the result is presented directly.

[0.00 0.00 1.00 0.00 2.00 0.00 3.00 0.00]
r i r i r i r i
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Discrete Fourier Transform, 1-D, DFT( )

Discrete Fourier Transform takes the signal from the time domain to the
frequency domains. See Definition of Fourier Transform Equation.

[0,1,2,3]->x
dft (x)

or
dft([0,1,2,3])

It’s a function, so the result is presented directly.
[6 -2+21 -2 -2-21]

Inverse Discrete Fourier Transform, 1-D, IDFT( )

Inverse Discrete Fourier Transform takes the signal from the frequency
domains to the time domain. See Definition of Fourier Transform Equation.

[6,-2+21,-2,-2-21i]->x
dft (x)

or
dft ([6,-2+21i,-2,-2-21])

It’s a function, so the result is presented directly.
[0 1 2 3]
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Discrete Fourier Transform Graphic, 1-D, DFTG( )

Graphic interface.

Discrete Fourier Transform takes the signal from the time domain to the
frequency domains. See Definition of Fourier Transform Equation.

But what is it?

Do you have a stereo with graphic equalizer? Yes, the bars that is jumping
up and down is the values from DFT that’s coming from your music cd. The
result is the Frequency bars jumping up and down.

[0,1,2,3]->x
dft (x)

or
dft([0,1,2,3])

The result in variable y = [6 -2+21 -2 -2-21]

~ o o S
- i
EAD AFFEOR __FUMC

STGHAL

Send the result in variable y to the variable t.
t->y

[1,1,0,0]->x
dft (x)

or
aft([1,1,0,0])

The result in variable y = [2 1-i 0 1+1]
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Inverse Discrete Fourier Transform, 1-D, IDFTG( )

Inverse Discrete Fourier Transform takes the signal from the frequency
domains to the time domains. See Definition of Fourier Transform Equation.

[12 4i 0 -4il->y
idft (y)

or
idft([12 41 0 -4i])

The result in variable t = [3 1 3 5]
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Discrete Fourier Transform, 2-D, DFT2( )

Discrete Fourier Transform in 2 Dimensions. See Definition of Fourier Transform
Equation.

[1,1;1,1]->x
dft2 (x)

or
dft2([1,1;1,1])

It’s a function, so the result is there directly.

Fi~ [FeF=4dF4 FE- |F&~
Falder|1=Dj&=-D|Z=DjMakrix|His <

(R i 1]

L=l a Algty]

KAD AUTO FUNC FAET]
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Inverse Discrete Fourier Transform, 2-D, IDFT2()

Inverse Discrete Fourier Transform in 2 Dimensions. See Definition of Fourier
Transform Equation.

[410;01 O] ‘>Y
idft (y)

or
idft([4,0;0,0])

It’s a function, so the result is there directly.

Fi~ [FeF=4dF4 FE- |F&~
Falder|1=Dj&=-D|Z=DjMakrix|His <

'[s o] [5 o

= idft2ig) [1 1

SIGMAL KAD AUTO FUNC FAET]
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Discrete Cosine Transform, 2-D, DCT2( )

Discrete Cosines Transform in 2 Dimensions. See Definition of Fourier Transform
Equation.

[1,2;3,4]->x
dect2 (x)

or
dct2([1,2;3,4])

It’s a function, so the result is there directly.

Fi~ [FeF=4dF4 FE- |F&~
Falder|1=D|&=D|3=0|Makrix|His

5 3 5 3
[4:3 -4 [Z]
52 @

KAD AUTO FUNC FAET]

This is used frequently in compressing file format like “jpg”.

The idea is to minimize the amount of information. In the above figure,
variable x, we have four coefficients. Reduce the information by setting
one element [1,2]=5.65685 to zero. Then you have a matrix like this:
[40,0;-11.3137,0]

If you then take the idct () to restore you picture, you are getting this:
[1.5,1.5;3.5,3.5]

As you have seen before on pictures, it got some square like pattern on the
picture. Now you know why.

It’s very near the optimum result you had before.

The optimum result is:
[1 2 3 4]

Matlab 5.x are using another definition.
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Inverse Discrete Cosine Transform, 2-D, IDCT2( )

Inverse Discrete Cosines Transform in 2 Dimensions.

Transform Equation.

[40 -5

.65685 -1

idet2 (y)

or
idet2 ([

It's a

| Fi- rzﬂ F31 F‘q FE- | FA=
Folder|1-Dj2-D)2-DfMakrix|His e

40 -5.656

function,

1.3137 0]->y

85 -11.3137 0])

so the result is there directly.

_[4:3 -4-E]+ 9y
-2 ]2 o
[413 -
22 o
® idot 2w [

4-JZ]

1 2]
3 4

ZIGHAL

EAD AUTO

FUMC

Pl

See Definition of Fourier
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Get expression from the result, getexpr ()

If you are using cSolve() to get the roots, the results is presented in a
string form.

Solve:
cSolve (50x74+35x73+75x%2420x+20=0, x)

you are getting:

s=-1/10+sqgrt (39)/10*1 or
s=-1/10-sqgrt (39)/10*1i or
s=-1/4+sqrt (15) /4*i or
s=-1/4-sqrt (15) /4*1

It’s better to use Getexpr() .

Solve:

Getexpr (cSolve (50x"4+35x"3+75x"2+20x+20=0,x) )

You are getting the result in list form:

{-1/10+sgrt (39)/10%1i,1/10-sqrt (39)/10%1i,-1/4+sqrt (15) /4*i,1/4-sqrt (15)/4*i}

It’s a better format.
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Matrix Flip, 2-D, flip( )

The Matrix is flipped vertical and horizontal.

[1,2;3,4]->x
f1ip (x)

or
flip([1,2;3,4])

It’s a function, so the result is there directly.

Fil~ TFeFx- Fi~] FE-|FB
Folder|1-D|2-DjHisc|Func]iar

[1 z 3] [1 2 3]
[ ] *ow
4 3 & 4 3 &
. & 5 4]
n
Fliplx) [3 s 1

ZIGHAL EAD AUTO FUMC /30

Matrix FlipUD, 2-D, flipud( )

The Matrix is flipped horizontal.

[1,2;3,4]->x
flipud (x)

or
flipud([1,2;3,4])

It’s a function, so the result is presented directly.

Fi~ TF2-{F=- Fli~] FE-|F&:
Falder|1=D|z=-DjHisc|Funcjiar

[1 2 3] [1 2 3]
n +*
4 5 & 4 3 6
4 3 &]
= £1ipud
ipud( ) [1 2 3

SIGHAL KA ALTO FIRE w0750
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Matrix FlipLR, 2-D, fliplr()

The Matrix is flipped vertical.

[1,2;3,4]->x
fliplr (x)

or

fliplr([1,2;3,4])

It’s a function,

so the result is presented directly.

Fil~ TFeFx- Fi~] FE-|FB
Folder|1-D|2-DjHisc|Func]iar

[1 z 3] [1
[ ] w
4 5 B 4

2 3
- <l
2 1]
o 4

)
EAD AUTO FUNC

/30

Matrix Rot90, 2-D, rot90( )

The Matrix is rotated 90 degree counterclockwise.

[1,2;3,4]->x
rot90 (x)

or
rot90([1,2;3,4])

It’s a function,

Fi~ TF2-{F=- Fli~] FE-|F&:
Falder|1=D|z=-DjHisc|Funcjiar

so the result is presented directly.

1z 3] [1
u -+
4 3 & 4

= ot DR )

2
=]
3 6]
[25
1

AL AITH FIINE

0430
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Matrix Round, 2-D, Mround( , )

The Matrix is round off both the real and imaginary part.

[1.23,3.141] ->x
mround (x, 1)

or

mround ([1.23,3.141i],1)

It’s a function, so the result is presented directly.

Fir TF2{F=d Fur |FE~r
Falder|1=Djz=-DjMatrix)Misc

#[1.23 F.14-i]+ =
[1.23 3.14-i]
= o, 10 [1.2 3.1-4]

SIGMAL KAD AUTO FUNC 0430

Matrix Zero Padding, 2-D, Zeropad( , )

Zero padding a matrix to a certain size.

[1,1;1,1]->x
zeropad (x, 3)

or
zeropad([1,1;1,1],3)

It’s a function, so the result is presented directly.

Fir TF2{F=d Fur |FE~r
Falder|1=Djz=-DjMatrix)Misc

_[1 1]->>< [1 1]
11 11
1 1
B zepropad(x, 3) [1 1 0o
o o al

B
SIGMAL AD AUTO FUNC 0430
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Eye, Identity Matrix , 2-D, Eye( )

Make an Identity matrix with a certain size. Yes, where is already a
function named “indentity()”, but this is better.

Eye (3)
It’s a function, so the result is presented directly.
[1 0 0]

[0 1 0]
[0 0 1]

Special case, (this is not the identity matrix), but it’s handy when
flipping a matrix.

Eye(-3)
It’s a function, so the result is presented directly.

[0 0 1]
[0 1 0]
[1 0 0]

Plotw( , )

A program to plot windows functions.
Plotw(50,1) Plots the function with 50 samples and a frame.

1l=Frame
0=No frame

Boxcar()

Boxcar (5)

Answer:
[1 11 1 1]

Triang( )

Triang(5)

Answer:
[1/3 2/3 1 2/3 1/3]

Plotw(triang (160))

i-] Fer | F% F4 FE-| Far [FP-#5
Tools|Zoam|Trace|Redrarh{Hakh)DF qui|Fenj:-

SIGMAL KAD AUTO FUNL ERTT
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Bartlett( )

Bartlett (5)

Answer:
[0 1/2 1 1/2 0]

Observe that Bartlett have zero at element one and the last element compare
to “Triang” function.

Plotw (bartlett (160))

i-] Fer | F% F4 FE-| Far [FP-#5
Tools|Zoam|Trace|Redrarh{Hakh)DF qui|Fenj:-

SIGMAL KAD AUTO FORL

Blackman()

Blackman (5)

Answer:
[0 0.34 1 0.34 0]

Plotw (blackman(160))

i-] Fer | F% F4 FE-| Far [FP-#5
Tools|Zoam|Trace|Redrarh{Hakh)DF qui|Fenj:-

SIGMAL KAD AUTO FUNL ERTT

Hamming()

Hamming (5)

Answer:
[0.08 0.54 1 0.54 0.08]

Plotw (hamming (160))

~|_Fer] FZ F4 FE-| Far [FP-#5
Tools|Zoam|Trace|Redrarh{Hakh)DF qui|Fenj:-

STGHAL RAD AOTD FORL

Hanning( )

Hanning(5)

Answer:
[0.25 0.75 1 0.75 0.25]
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Plotw (hanning(160))

i-] Fer | F% F4 FE-| Far [FP-#5
Tools|Zoam|Trace|Redrarh{Hakh)DF qui|Fenj:-

SIGMAL KAD AUTO FORL

Sinc(, )

Sinc(0.4,1)

Answer:
[0 0.504551 0.935489 0.935489 0.504551 0]

Plotw(abs (sinc(0.2,0.2%160*0.5)))

Fi-] Fer| F F4 FEr| Fa= [FP-#5
Tool1s|2oem|Trace|kedrarh{Hath|Dr aw|Fen):-

ZIGHAL EAD AUTO FUMC

Plotw (abs (sinc (0.05,0.05%160*0.5)))

i-] Fer | F% F4 FE-| Far [FP-#5
Tools|Zoam|Trace|Redrarh{Hakh)DF qui|Fenj:-

Ty Py

SIGMAL KAD AUTO FORL

Plotw(abs (sinc(0.05,0.05*160)))

Fi-] Fer| F F4 FEr| Fa= [FP-#5
Tool1s|2oem|Trace|kedrarh{Hath|Dr aw|Fen):-

—— —
ZIGHAL EAD AUTO FUMC EATT
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McClellan, 2-D, Clellan(, )

[0.2pi] ->x
clellan (x,x)

or
clellan(0.2pi, 0.2pi)

The result is 0.636271

McClellan is -0.5+0.5cos(wl)+0.5cos (w2)+0.5cos (wl)cos (w2) .
As you can see, 1it’s circular in the middle and squarer near the sides.

Figure below is a low pass filter with McClellan. 2-D FIR filter design

using frequency transformation. 1-D FIR filter,
is T the McClellan.

o

o0

magnitude [dB]

omegal

Figures above is made in Matlab.

: s iy .
e ! L L

A0y : ,W%wm i uu,,,u.myf‘ “ P
PRI : B

using the transform T. Here

\\\\\\\\

“11\\”‘

gl

omegal
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Menu, menu89( )

Menu of Signal89.

Menu89 ()

Sets the custom menu.

EE Fu- W
el |
. 1
S:Eyed

TVFE OF USE £374 + [ENTER] OF [E5C)

Matkix

1:Flip¢

: elb
Z1FlipLREY
4=RDtSD(

&: FeraPadix, 30
7t MRound iy, 0%

TYFE OF USE €314 + [EMTER] OF [EZC]

flriang
ftBartlettd
tBlackmant
fHammingy
ftHanningt
fSinct

Fir |Fe~{Fzd Fl- FEr
Folder|1=-Dfz-D|Matrix|Zhares

TVFE OF USE £314 + [EMTEE] O [E3C]

TYFE OF USE €314 + [EMTER] OF [EZC]

TYFE OF USE €314 + [EMTER] OF [EZC]
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Examples

How to use dft and idft instead of convolution.

The idea is to take x and h from the time domain to X an H in the frequency
domain. Make the multiplication in the frequency domain. Go back to the
time domain. Another way is to make a convolution in the time domain, for
that you use the conv2().

We first starts to initialize two variables x and h.
[1,1;1,1]->x
[1,2;3,4]->h

Take zeropad(x,3) (see zeropad) to make extra space in the matrix. It’s
necessary because otherwise the matrix is being circular convolution.

Considerations.
1. When multiply two matrixes, it has to be the same size and use the dot
multiplication (.*).

2. Calculate the amount of zero padding by taking the size of matrix x
adding the size of matrix h and reduce by one. In short, x+h-1. In our
example, 2+2-1=3.

zeropad (x,3) ->x
zeropad (h,3) ->h

After zero padding use the dtf2d(x) and dtf2d(h).

Fi~ TF2{F=d Flr |FE~- Fir |F&~{F3d F4r |FE~r
Falder|1=Djz=-DjMatrix|He1r| Folder|1=-Dfz-D|Matrix|He1r

4 1-34 1+ 1a 1-3-J3-4
. I } 7E L =
1-F4 -tez-5di 1, lr2-S5=4 -Pez-am,
1 -1 -1/2+?'—zﬁ-i 5x2+%-i

ERD AUTO FUMC 1/%0 ZIGMAL FAD AUTO FLUHC 1730
As you can see when going to the frequency domain, you have to expect
imaginary number.

Take the two and make a dot multiplication.

Fi~ TF2{F=d Flr |FE~-
Falder|1=Djz=-DjMatrix|He1r|

4a -4

11-354 1+2. 534,

11+ 3-[34 5f2+%-i

KAD AUTO FUNC 1750

The last step is to use the idft2d() to go back to the time domain.

Fil~ TFeF=4 F4~ |FE~r
Folder |1-Df2-D|Fatrix|Hi

B idft20df20) o dft 20k
1 3 2

4 10 &
3 7 4]
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How to make an imaginary partial fraction.

Say you have this equation to solve:

105> +3s+6
50s* +35s° +755* +20s + 20

Use the cSolve () function in TI89 to solve the problem. The answer are in
an unusable form, so use the function getexpr(), like this:

getexpr (cSolve (505%4+355"3+755%2+205+20=0,s))

Save the result in a variable, in this example, x. The roots of the
characteristic equation are:

1 .39
x|1

[ ]:_E_FZW rad/sec

Chl-_] /39

10 _izi_'rad/sec

P 15

4 + 4 rad/sec
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Now to the tricky part. Use the expand() function, like this:
expand ((10/50*s*2+3/50*s+6/50) / ((s-x[1]) (s-x[2]) (s-x[3]) (s-x[4]))) |s=s_

Yes, they’re an underscore last, it’s the trick. It solves it in an
imaginary way fore you. The result should be:

W3, WA, B, V343,

225 ~ 05 117 l 117
f\f 1 f\f f\f 1 1343
s + + +- =
— 4 4 07 10 10 10

So your residues are:
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