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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.

What’'s New?

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”.

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.
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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 FlipUD () 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 MNU1 () 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.

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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Definition of Fourier Transform Equation

Time domain Frequency domain

W)= [Hr)-e" s H(f)= [he)- e d
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To make things easier.

Help, Help()

SIGHMAL 29
B
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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.

[2 1 3]->b
[2 .5]->a
[1 1 1 1]->x

filter(b,a,x)->[2 1.2500 2.6875 2.3281]

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

Fir [Fes{F&+ Fir |F&~ ]
Folder|1-D|z-D|Matriz|H<r
"[Z 1 3]1+b [z 1 3]
m[2 .S5]+a [2 .5E00]

w1 1 1 1]+

[1 1 1 1]
B filterib, a,x)
[1 1.250@ 2.6875 2.3281]

tilterih,a,x?
ZIEMAL RRD ALTO FUMNC CPET]

Figure 1
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Convolution, 1-D, conv(, )

Make a convolution of two signals.
[0,1,2,3]->x

[1,1,0,0]->y

conv (x,y)

or

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

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

Fir |F24F3d F4= |FE~
Foldgr|i-0|Z-D0]Matrix]He1r

W[ 1 2 3]+

(@ 1 2 Z]
=[1 1 @ @]y

[1 1 & o]

B ORI, Yl

SIGMAL

Figure 2
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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,y)

or

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

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

Faidar Lo0|s-b|Matriz|Heir| ]
[1 4] [1 4]
[ | -
2 8 2 2]
[3 ?] [3 7]
[ | =+ Y
2 B 2 &]
3 19 287
B COonW2lE, Yl 8 52 80
4 28 48]
ZIGHAL = "RAD AUTH FUMC ZOE0
Figure 3
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



Signal 89, v2.3.1. 2000-04-26
Lennart Isaksson

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.

[1,2,1,1]->x
XCorr (x, x)

or
xcorr(([1,2,1,11,[1,2,1,1])

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

Fir |F2AFZd F4r |FE~
Foldgr|i-D|2-D0jMatrix]He 1

a1 2 1 1]-=+=

[1 2 1 1]
B COPELHE . H
[1 2 5 7 5 3 1]

SIGMAL FAD RUTO FUMC )

Figure 4
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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.
(e | 2ol s e |

1 47 1 4
[ | -+

2 8] |2 &

307 5 T
n -+ 5]

Z 6] |2 6

307 ER
n =+ 5]

2 6] |2 &]

= 26 8
B ocorr 20, Yl 19 83 28
14 &2 24

HEOPr20x,d)
sIGHAL RAD AUTO FUMC EE0
Figure S
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 (convolution), 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.

Fir |F24F3d F4= |FE~
Foldgr|i-0|Z-D0]Matrix]He1r

a1 33 O3 Q0 A
(a1 3 5 3 0 @]

[T 1 3 3]

SIGHH  RAD AUTD FUMC 220

Figure 6
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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 —i2mnk (1%)_1 —i2mnk

) (
X2 k=3 g(me " X2 k+h)= 3 g(m-e
n=0 n=0
[0,1,2,3]->x
fft (x)
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 thing that is jumping
up and down is the values from DFT that’s coming from your 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

Figure 7

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

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

or
dft([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]

Figure 8
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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]

Figure 9
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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]

Figure 10

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

The idea is to minimize the amount of information. In the above figure,
variable t, 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. See Definition of Fourier
Transform Equation.

[40 -5.65685 -11.3137 0]->y
idet2 (y)

or
idct2([40 -5.65685 -11.3137 0])

It’s a function, so the result is there directly.
Fi~ |FEZFx4F4+ FE~ |FG~

|F-:-1d-2r' 1-D{z2-D)2-Dakyix|His ]

. [4:3 -4 -E] sy

22 @ .
[41:: -4-[Z

-2 @
¢ etz L2

ZIGHAL EAD AUTO FUMC Pl

Figure 11



Signal 89, v2.3.1. 2000-04-26
Lennart Isaksson

25

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.

| Fi~ F21 F31 Fi~ F5'|F51
Folder|i-Djz-DiMisc|Func]Var|
[ 1 2 3] [ 1 ]
[ ] w
4 5 B 4

LR S A=T1 ] [g

L]

(SR T
s

ZIGHAL EAD AUTO FUMC /30

Figure 12

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- |Fe{Ted Fu=| FE=|FB
Furid ek |1 2] 2= B|Misc|Func|tar
[1 2 3] [1 2 3]
n +ow
4 5 B 4 5 B
4 T &]
mf]ipud
Lpur() [1 2 3
SIGHAL____ RAD AOTO FIRE ___w07sn

Figure 13
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Matrix FlipLR, 2-D, flipir()

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.

| Fi~ F21 F31 Fi~ F5'|F51
Folder|i-Djz-DiMisc|Func]Var|
[ 1 2 3] [ 1
[ ] w
4 5 B 4
[3
&

FUNC 0,30

LA ) B A

Figure 14

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, so the result is presented directly.

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

1 2 3] [1 2 3]
[ ] 3w

4 5 & 4 5 6

3 6]

= ot DR ) 2 3

1 4]

SIGHAL____ FAD ATO FIRE ___w07sn

Figure 15
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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

Figure 16

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.

Fiv |Fer{F#s Fir [FE-

Fotder|1-0|z-plMatrix{tis

. [ 1 1] . [ 1 1]

11 11

1 1 &

B zetopad(x, 3) 1 1 @
oo ol

ZeroPadx, I

SIGMAL AL AUTO FUNC S0/30

Figure 17
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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]
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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, using the transform T. Here
is T the McClellan.

o

o0

\\\\\\\\

iy i w ;Iﬂ ”";ﬁ'!”{,;"- . . N
e i L L

) Ew%w L .
P : B

magnitude [dB]

gl i

1

omegal omegal

Figure 18 Figure 19

Figures above is made in Matlab.
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Menu, menu89()
Menu of Signal89.
Menu89 ()
Sets the custom menu.

Fir F3+ Fh-
Foldsr g=DfMatrix

1' Sie ‘|'F| ledimain

= di=s1ana
3 menuﬂgih

T £ R M
1:filterih,a,xn
P RCOFT LK, ?
ZICOnMG,
circit,
FFTP1ix,1}
FETC=2

a:
=
=
T
g

[ ]
T
—
-~
*

1

TYFE OF USE £+14 + [ENTER] OF [ESC] TYFE OF USE £+14 + [ENTER] OF [ESC]

Figure 20 Figure 21

Fir F=-Hid
Foldgr ] Matrix

H :!_p
JiFlipLRx
Rot3a]
Euet
z
M

ernPadix 32

q:
5z
B
72 ARound iy, 03

TYFE OF USE £+14 + [EMTER] OF [ESC] TYFE OF USE £+14 + [EMTER] OF [ESC]

Figure 22 Figure 23

Fir JF2F2Z Flr
Foldgr|i-D|2-D0jMatrix

TYFE OF USE £+14 + [EMTER] OF [ESC]

Figure 24
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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- (FE-{Fae Fu= [FE- ]
|F¢1der|1-n|2-n|r1utr|x|Ht1P|
4 1-3-i 1+
1-[34 -1x2—%-i Loy
1+[F34 1 -1
SIGHAL  FAD ALTO FINE FE
Figure 25
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Figure 26
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As you can see when going to the frequency domain, you have to expect
imaginary number.

Take the two and make a dot multiplication.
[ Fir |F21F31 Fi- |F5v]
Folder|i-D|2-0|Matrix[He1r ]

40 5 -4-[3 i

11-3034 1+2-[34 ,

11+ 334 5f2+E-i

2
OF T2 #0OF T2
EIGHHL FRD AUTO FLNE ERET]
Figure 27

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

Fir |F24F3d F4= |FE~
Foldgr|i-0|Z-D0]Matrix]He1r

B idfL20adf L 20D o dfL20h)
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