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A Kakue MmeToabl BoobLye cywecTByroT?

* A Kakme curHanbl Mbl obpabatsiBaem?
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Analog signals  Digital signals

Infinite precision in amplitude Finite precision in amplitude
Continuous signal Only present at certain points
Continuous mathematics Discrete mathematics

@
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Analog signals  Digital signals

BOCCTaHOBIIEHUE cnekTpanbHbIM aHann3
pasfeneHve MHPOPMaLMOHHBLIX NnMHerHas unsTpauus
NMOTOKOB cBepTKa TPaaULMOHHBLIX TUMOB
nogasneHue LymMoB 4aCTOTHO-BPEMEHHOWN aHanm3
cXXartue OaHHbIX HenmMHenHasa obpaboTka
unsTpaums afanTuBHasa unsTpaums

yCUMEHNE CUTHATIOB MHOroCKopocTHast obpaboTtka

CeEKUMOHHaA CBEPTKa
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ba3oBble onepauuu

3a/iepXKKa curHanoB
CITO)KEHUEe CUrHanos
BblYMTAHUE CUrHaNoB

YMHOX€EHUe CUrHasios

aeneHne curHanoB —>

NHTErpupoBaHne

anpdepeHunpoBaHue

dounsTpaums

cneKkTpasibHbI aHanus
NUHenHas unsTpauma
cBepTKa TPaaULMNOHHLIX TUMOB
YaCTOTHO-BPEMEHHOU aHann3
HennHenHasi obpaboTka
aganTueBHasa punsrTpauns
MHOroCKopocTHast obpaboTtka

CeEKUMOHHaA CBEPTKa
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Kakue ewe suabl 06paboTkn cMrHasioB BO3MOXXHbI?

« CTaTnctmnyeckasi obpabortka curHanoB

« ObpaboTka 3BYyKa
« PacnosHaBaHune peyn

* ObpaboTka n3obpakeHnn
« ObpaboTka BUOEOD

* ObpaboTka curHanoB Hy>XHa ans 0bpaboTku
MHdopMaLuunn
* Bkntoyas IKCNepnMeHTaribHble aHHbIE
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Signal processing methods

* Today:
e Part 1
» Digital signals
* Part 2
« Basic programming in Python
 Data types (in Python)
» Correct notations in coding
» Visualizing your signals
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Why digital signals are useful?

[ Storage (generalized computer memory, compatibility)
[ Processing (coding, no mechanical or physical interactions)

[0 Transmission(signal regeneration)
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Transmission - signhal regeneration

TX >1 channel > RX

x(t) 1/G > X(t)
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Transmission - signhal regeneration

x(t) 1/G > X(t)

o(t)
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Transmission - signhal regeneration

x(t);{?—»% 2(t) —>b—> 2, (1)

o(t)
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Transmission - signhal regeneration

x(t) 1/G > G > || > %, (t)
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Transmission - signhal regeneration

x(t) 1/G > G > || > %, (t)
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Why digital signals are useful?

[ Storage (generalized computer memory, compatibility)
[ Processing (coding, no mechanical or physical interactions)

[0 Transmission(signal regeneration)
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Digital signals

One dimensional (for now)

Notation x[n] where «n» is an integer
] & Z (set of integers)

Two sides sequences x : Z [1 G C (set of complex numbers)
n is a-dimensional

[ Analysis (by taking periodic measurements
[ Synthesis (program that generates a stream of samples)
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Digital Signals — common signals

Delta Dirac function
Unit step function
Exponential decay

Sinusoidal signals
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Delta signal

i} 0 . il _{O, whenn # 0
1, whenn =0

05
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Unit Step function

Signal processing methods for telecommunication systems

L
MO
K

Q0 =

e 0]
BN
b o]
1[0
i o]

0, whenn <0

x[n] = {1, whenn = 0



TKC
MUIT

Exponential functions

15F

| T | x[n]={

05

0, whenn <0
a™, whenn =0

when a < 1 converges to 0
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Sinusoidal functions

15F

{'To CTT Tro
4 A |

x|n] = sin (w,n + 0)
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Signal classes

Finite length x[n] forn=0,1, ... ,N-1
Infinite length
Periodic

Finite-support
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Finite length

1 Sequence notation xlnl = 01, .. N—1
| Vector notation =[x By s Tgql
1 Easy to process in numerical packages (numPy)
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Infinite length

[0 Sequence notation x|n],n € Z
[l Good for theorems
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Periodic

1 N-periodic Sequence  X¥[n| = ¥[n+ kN]|, nk,N €Z
1 The same information as finite signals with length N

Useful as a bridge between finite and infinite signals
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Finite support signals

xlnl, irfo<ua<N
o nevz
*in) { 0, otherwise

[0 The same information as finite signals of length N
[ Useful as a bridge between finite and infinite signals
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Energy and Power

i 1\115202N+1 Zle[n]lz
-
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Elementary operators

[0 Delay yln]= x[n—k] k€ Z
[ Scaling yln] = ax[n]

0Summation YIn| = x[n] + f[n]
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Elementary operators

[0 Delay yln]= x[n—k] k€ Z

x|n] > 77k > yn| |
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Elementary operators

[ Scaling yln] = ax[n]
=F A
7 i
il — >y T
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Elementary operators

0 Summation y[n] = x[n] + f[n]

x|n] + > y|n] all

fln
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Karplus-Strong algorithm - simplified

x[n] —)@ » z7N > y[n]
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Karplus-Strong algorithm - simplified
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Karplus-Strong algorithm - simplified
yln] = x[n — N]+ a -y[n— N]

X(n) = sin (Zni) N =100 a=1
100
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Karplus-Strong algorithm

yln = NJ+ y[n— (N + 1)]
2

y[n] = x[n —N] +

> y[n]

> 7

x|n] —>@
_<
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Karplus-Strong algorithm o
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Understanding the Karplus-Strong with Python (Synthetic
TKC Guitar Sounds Included) | Frolian's blog (flothesof.github.io)
MUIT

Karplus-Strong algorithm

N controls the frequency (pitch
a controls the envelope (decay)
x(n) controls the color (Timbre)

2
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Python 3 Anaconda - Spyder

& Spyder (Python 3.7)

File Edit Search Source Run Debug Consoles Projects Tools View Help

NesR2Ee@ BT C F ® € > cussvom

C:\Users\Admin\.spyder-py3\temp.py Source  Console Object

Usage
Spyder Editor

Here you can get help of any object by pressing Ctri+lin front of it, either on
This is a temporary script file. the Editor or the Console.

Help can also be shown automatically after writing a left parenthesis next to
an object You can acfivate this behavior in Preferences > Help.

New to Spyder? Read our tutorial

Variable explorer Help Plots Files
; (k] T Console 1/A

Python 3.7.6 (default, Jan 8 2020, 20:23:39) [MSC v.1916 64 bit (AMD64)]
Type “copyright”, "credits" or "license" for more information.

IPython 7.12.@ -- An enhanced Interactive Python.

In [1]

IPython console History

@ conda: base (Python 3.7.6) Line 8, Col 1 UTF-8 CRLF RW Mem 44%
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Data types

Text Type: str
Numeric Types: int, float, complex
Sequence Types: list, tuple, range

Mapping Type:  dict

Set Types: set, frozenset
Boolean Type: bool
Binary Types: bytes, bytearray, memoryview
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Data types

You can assign the datatype manually (like programming in C)
OR

You can assign the datatype automatically

13 Console 1/A

Python 3.7.6 (default, Jan 8 2020, 20:23:39) [MSC v.1916 64 bit (AMD64)]
Type "copyright”, "credits™ or "license" for more information.

IPython 7.12.8 -- An enhanced Interactive Python.

In [1]: x =5
: print(type(x))

<class '"int'>

In [2]: x = float(5)

. print(type(x))
<class 'float'>
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Data types

Some data types can interact

Try assigning the INTEGER 5 to variable ‘X’
Try assigning the float 7 to variable ‘y’

Multiply ‘x” and ‘y’ and assign the result to 2’ (you type ‘z=x*y’)
Determine the data type of ‘7’

: print(type(z))
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Importing libraries

* For example try to print the number 1T

Traceback (most recent call

Eq e

i

[ 2]: math.pi
Traceback (most recent call

File
math.pi

name 'math’' is not defined
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Importing functions

* For example try to print the number 1T

Lmp math
print(math.pi)
3.141592653589793
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Visualizing numbers — plotting a sine wave

Amplitude = sin(time)

Sine wave

100 1
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-
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4
-
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Time

Variable explorer Help plots Files
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Visualizing numbers — plotting a sine wave

Import module numpy
Import the function pyplot from the module matplotlib

1a  temp.py

A ' numpy = np
A ] matplotlib.pyplot as plot
4
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Visualizing numbers — plotting a sine wave

Create time points for the x-axis
Numbers O until 10 with step size 0.01
(so you will get a range from [0 0.01 0.02 0.03... 1])

= np.arange(9, 10, 06.1);
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Visualizing numbers — plotting a sine wave

Create the amplitude points for each point in time
Use the sin function of the numpy module
(which you loaded and renamed as ‘np’

amplitude = np.sin(time)
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Visualizing numbers — plotting a sine wave

: é& = ;{ -4 CI &

Name Type Size Value

amplitude Array of float64 (100,) ©.09983342 ©.19866933 ... -0.27176063 -0.36647913

time Array of floate4 (100,) [0. eee 9.7 9.8 9.9]

Variable explorer Help Plots Files
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Visualizing numbers — plotting a sine wave

Create the plot.

plot.plot(time, amplitude)

Create the mark up for the olot
“‘;tlfle( Sine chw) h

7 ;xlabel( 1me )

.ylabel( Ampiitudc = sin(time) ‘)
.grid(True, which="both")
.axhline(y=0, color="k")
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Visualizing numbers — plotting a sine wave
Display the plot.

23 plot.show()l

Sine wave

=
€
w
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v
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o
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<

Variable explorer Help plots Files
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Python

Try to adhere to good practice!!
Code is written once, but read multiple times.

Find ground rules here:
https://www.python.org/dev/peps/pep-0008/
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Digital signals - limitations

1+ 1e20-1e20="
1+ (1e20 -1e20)="

Why?

Signal processing methods for telecommunication systems
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*(1e20-1e20) - 1e-20="
*1e20 - (1e20 - 1e-20) ="
*1e20 -(1e20-1e20)="
°*]1e20-1e20—-1e20-1e20="7
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Data types - Integer (int)

In [16]: a = 100

In [17]: a.bit_length()
Out[17]: 7

In [25]: bin(1@0)
Out[25]: 'ebliee1eo’

In [26]: bin(-4)
Out[26]: '-8blee’

In [38]: a=1

In [39]: b

1

In [40]: a is b
Out[40]: True

In [46]: a==b
Out[46]: True

Signal processing methods for telecommunication systems

In [41]:
In [42]:

In [43]:
Out[43]:

a=257

b=257

ais b
False
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Floating point - Single precision (single) / double precision (double)

double precision (64 bit) floating numbers

-123.4567890123 = ~1.234567890123 €2,
44—

sign°  mantissa exponent
(significant numbers)

1 11 52
8 e f
sign exponent mantissa

(significant numbers)
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Floating point - Single precision (single) / double precision (double)

double precision (64 bit) floating numbers
1 11 52

8 2] f

x=%(1+f)-2°

Giving the decimal interval for e as With fraction f
-1022 e <1023 0sf<1
Using offset binary representation In the interval where
2°2.f is an integer
0 < 2°2.f < 2°2

Signal processing methods for telecommunication systems




TKC
MUIT

Floating point - Single precision (single) / double precision (double)

double precision (64 bit) floating numbers
1 11 52

With fraction f
0sf<1

In the interval where
2°2.f is an integer

0 < 2°%.f < 232

8 2] f

With exponent e as integer in the

interval
-1022<e=<1023

X = i ( 1 <+ f ) . Ze In [9]: a = float(1@) ** 38

In [11]: a = float(2) ** 1023 In [10]: a = float(1l@) ** 3@9
Traceback (most recent call last):
In [12]: a = float(2) ** 1024
Traceback (most recent call last): File "<ipython-input-10-92873524ff56>", line 1, in <module>
a = float(18) ** 309
File "<ipython-input-12-a34@186a386a>", line 1, in <module>
a = float(2) ** 1024 OverflowError: (34, 'Result too large')

OverflowError: (34, 'Result too large')
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=(

He cpaBHMBauTe Yync/a C nNaBaloLlen 3ansTo

. 2000000030
. 3000000119
. 4000000060
. 5000000000
. 6000000238
. /000000477
. 8000000/15
. 9000000954
. 0000001192
. 1000001431
. 20000016695
. 3000001907/
.4000002146
. 5000002384
. 6000002623

float T = B.1;
while (f != 1.09) {
=01

}

| I | I | | B | Il
= = = e e e = O O OO OO O

_F
.F
..F
.F
.F
_F
.F
£
.F
F
.F
.F
.F
_F
f:
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ByabTe aKKypaTHbl C YXC/IaMU C NJ1aBaloLen 3ansaiTom

* TO4HOCTb YMEHbLLUAETCS MO Mepe PocTa BESIMYNHDI

* OLLNOKKM NepenosriHEHNS N OKPYrNeHns

» PakeTa-Hocutenb «Apuan-5» 4 noHs 1996 Obina nogopeaHa Ha
34-1 ceKyHae noneTa

« KoHBepTauua gaHHbIX U3 64-pa3pagHoro Yymcna c nnasarLwen 3ansaTton B
16-pa3pagHoe npueesna K 3aBUCaHMIO KOMMbIOTepa

» TouyHOCTL pakeT Patriot B 1991 (BonHa B lepcmnackom 3anunee)
Oblna orpaHmnyeHa OLMNOKON OKPYIrIeHUS
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Data types - Fixed point

A fixed decimal point. Often used in low level devices.

A

example Radix point

10001011
23+214+23424=-8.675

>>> from decimal import *

>>> getcontext()
Context(prec=28, rounding=ROUND_HALF_EVEN, Emin=-999999999, Emax=999999999,

capitals=1, flags=[], traps=[Overflow, DivisionByZero,
InvalidOperation])

>>> getcontext().prec = 7 # Set a new precision
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5 steps of a method/function in any language

* 1 Initialization
*2 input

* 3 process

*4 output

*5 Termination
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1) Define a function

def myFirstFunction(input):
print(“This will be the output, %s” %(input))

3 myFirstScript.py
Name Date Modified

& _ pycache__ 29/8/2020 6:55

Created on Sat Aug 29 18:53:26 2020 ® KarplusStrong.py 29/8/2020 6:53
@author: Admin & myFirstScript.py 29/8/2020 6:56

Last Modified on Sat Aug 29 18:53:26 2020
@author: Admin

v
f myFirstFunction(input):
print("This will be the output,®s" %¥(input))
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Importing the function

myFirstScript

Calling the function

myFirstScript.myFirstFunction(
This will be the output,aaaa

Signal processing methods for telecommunication systems
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Data types

Text Type: str
Numeric Types: int, float, complex
Sequence Types: list, tuple, range

Mapping Type:  dict

Set Types: set, frozenset
Boolean Type: bool
Binary Types: bytes, bytearray, memoryview
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Writing a Karplus-Strong algorithm in Python

y[n—=N]+ y[n— (N + 1)]

y[n] = x[n —N] +

---------

x[n] —)@ > 77N

Signal processing methods for telecommunication systems
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Writing a Karplus-Strong algorithm in Python

* Generate a random input

* Process the input using the algorithm
* Show the Result

e Save the result

Signal processing methods for telecommunication systems
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Writing a Karplus-Strong algorithm in Python

* Generate a random input

2 " " " N N N " " "
0 10 20 30 40 50 60 70 80 9 100

Understanding the Karplus-Strong with Python (Synthetic
Guitar Sounds Included) | Frolian's blog (flothesof.github.io)

Signal processing methods for telecommunication systems
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Data types

Text Type: str
Numeric Types: int, float, complex
Sequence Types: list, tuple, range

Mapping Type:  dict

Set Types: set, frozenset
Boolean Type: bool
Binary Types: bytes, bytearray, memoryview
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Writing a Karplus-Strong algorithm in Python

---------

e Generate a random input

numpy.random.uniform "k 1L J Wt fed

* Syntax TR ERETEERE.
iImport numpy as np

np.random.uniform(/low=0.0, high=1.0, size=None)
np.random.uniform(-1,1,1000)
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Writing a Karplus-Strong algorithm in Python
~Generate-atrandominput
* Process the input using the algorithm

* Show the Result
e Save the result

Signal processing methods for telecommunication systems
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Writing a Karplus-Strong algorithm in Python

First solution

y[n—N]+ y[n— (N + 1)]

yln] = xln— N]+ i

1) Create variable y as a copy of input x;
Append N zeros in front of y

OR

Create y as zeros for a lenght of x plus N
Replace the indexed values in y with values of x

2) Write a for-loop, which goes through all indexes of y
Replace indexed values of y, with a sum of the current value
plus scaled previous values

Signal processing methods for telecommunication systems
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Writing a Karplus-Strong algorithm in Python

First solution

y[n—N]+ y[n— (N + 1)]
2

y[n] = x[n—NJ+

'def KS1(signal,delayN,envelopeA,totallength):
import numpy as np

P

nb:ze;éé((délayN))

y:
y = np.append(y, signal)
y = np.append(y, np.zeros(totalLength-len(y)))

for index in range(delayN, totallLength):
y[index] = y[index] + envelopeA/2 * ( y[index - delayN] + y[index - (delayN+1)] )
return y

Signal processing methods for telecommunication systems
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Writing a Karplus-Strong algorithm in Python

Second solution

x[n] —)@ > 77N > y[n]
%(
_<
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Writing a Karplus-Strong algorithm in Python

Second solution

x|n] 7z 1
yln]
+ + >
1/2
1/2
z <—T— AR
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Writing a Karplus-Strong algorithm in Python

Second solution:
lIR Filter
b-coefficients
b,b,..b, are 0
bN is 1
a-coefficients

a, is 1

a...a. . are0

1°° 7N-1
a, and a,,,are 0.5
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Writing a Karplus-Strong algorithm in Python

randomInput=np.append(randomInput, np.zeros(totalLength-len(randomInput)))
b = np.append(np.zeros(delay), [1])

a = np.append([1], np.zeros(delay-1))

a = np.append(a, [-alpha/2, -alpha/2])

outputSignal = signal.lfilter(b, a, randomInput)

plot.plot(outputSignal)

plot.show()
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Save your output

fs = 44100 # 44100 samples per second

audioc = outputSignal * (2**15 - 1) / np.max(np.abs(outputSignal))
audio = audio.astype(np.intl6)
write( 'test.wav', 44100, audio)
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Homework Task 1

1) Write your own function and generate outputs

(for example your own random number generator, a lookup
table etc.)

2) Change the code to match «good practice»

https://www.python.org/dev/peps/pep-0008/

3) Create a function that has multiple outputs, and optimize
the memory usage and processing speed.

4) Retrieve the outputs from the function and display them (or
plot them)
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None3Hana nurtepartypa

* MeToabl u TeExHUKa 06paboTkm curHanos nNpuv PU3NYECKNX
n3mepeHmnax (2 Toma)

* Signal processing for 5G

* Multi-Carrier Communication Systems with Examples in MATLAB: A
New Perspective

* An Image Processing Tour of College Mathematics Yevgeniy V.
Galperin

* Fundamentals of IMAGE, AUDIO, and VIDEO PROCESSING Using
MATLAB: With Applications To PATTERN RECOGNITION

* Introduction to Modeling and Simulation with MATLAB and Python
* PySDR: A Guide to SDR and DSP using Python
* Python documentation
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