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ARDUINO PROGRAMIRANJE



Arduino softver

e Arduino softver otvorenog koda je napisan u Java, C i C++. Operativni

sistemina kojima je moguce instalirati Arduino softver i programirati u
njemu su: Windows, macOS i Linux,

https://en.wikipedia.org/wiki/Arduino.
— Arduino je veoma slican C++ programskom jeziku.

* NAPOMENA: Nisu sve funkcije dostupne za UNO R3 hardver koji se koristi
na vezbama. Neke funkcije iako postoje u softveru su specificne za
odgovarajuci hardver. Potrebno je pogledati uputstvo za funkciju koja se
koristi.

* Slika: By Unknown author - http://arduino.cc, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=24588192



https://en.wikipedia.org/wiki/Arduino
https://commons.wikimedia.org/w/index.php?curid=24588192

Promenljive. Kako ih definisati?

int ledPin = &8:r

con3t int cledPin = 8:

e Ako su globalne:

— Pre setup() funkcije. Mogu i pre loop() funkcije, ako se ne pozivaju u
setup() funkciji.

— Na slici je dato za celobrojne vrednosti (broj digitalnog pina).

— Uobicajeno bi konstante trebalo da pocinju slovom “c” kako je i
prikazano na slici.

* Ako su lokalne:
— Unutar funkcije (setup(), loop() ili neke druge koju korisnik definise)



Kontrolne strukture (tok programa)

“ontrol Structures | * Kontrolne strukture su prikazani u tabeli.

* Detalji se mogu pogledati na:
_if https://www.arduino.cc/en/Reference/H
omePage.

- if_else

- for

- switch case
- while

- do.._ while
- break

- continue

- return

- goto



https://www.arduino.cc/en/Reference/HomePage
https://www.arduino.cc/en/Reference/HomePage

if struktura

int ledPin = 8;
vold setup() |
if {ledPin < 0) |
ledPin = 13;
]
pinMode (ledPin, CUTPUT) ;

}

* Prikazana je na slici.
e Pocetak i kraj se oznaCavaju vitiCastim zagradama “{}".



if else struktura

if (pinled >= 13) |

* Prikazana je na slici.
* Pocetak i kraj se oznaCavaju viti¢astim zagradama “{}".

e Automatsko popunjavanje koda: kada se ukuca pocetak strukture t;j.
“I” i pritisne taster ENTER za prelazak u novi red, onda se
automatski generise i kraj strukture tj. “}”.



switch struktura

switch (range) {

ca3se 0: Jf your hand is on the 3sensor
serial.println("dark™)r
break;

case 1: // your hand is close to the sensor
serial.println("dim"™);
break;

case 2: // your hand is a few inches from the sensor
serial.println("medium”) ;5
break;

case 3: Jf your hand is nowhere near the 3sensor
Serial.println("bright™);
break;

* Primer koris¢enja ove strukture je prikazan na slici.
e Prikazan je deo ugradenog koda u fajlu switchCase.ino.



while petlja

/f while the button i3 pressed, take calibration readings:
while (digitalBEead({buttonPin) == HIGH) |
calibrate();

}

* Primer while petlje je prikazan na slici.

* Pokazan je ugraden primer WhileStatementConditional.iso.
e Kakva se petlja dobija ako je uslov while(1)?

e Kakva se petlja dobija ako je uslov while(303)?



for petlja

const int kPinLed = 13;

void setup()

{
pinMode (kPinLed, OUTPUT);

}

void loop()
{
for(int 1 = 0; 1 < 4; 1++){
digitalWrite(kPinLed, HIGH);
delay(200);
digitalWrite(kPinLed, LOW);
delay(200);

}
delay(1000); // 1 second

}

Primer for petlje je prikazan
na slici.

Sta je rezultat koda sa slike?
Kod je prezet iz knjige: Kod je
pruzet iz knjige: Alan G. Smith,
Introduction to Arduino: A
piece of cake!, online:
https://www.introtoarduino.c

om/downloads/IntroArduinoB
ook.pdf, 2011.

Da li treba koristiti i kao
iterator u petlji? Zasto?



https://www.introtoarduino.com/downloads/IntroArduinoBook.pdf
https://www.introtoarduino.com/downloads/IntroArduinoBook.pdf
https://www.introtoarduino.com/downloads/IntroArduinoBook.pdf

Sta je rezultat koda sa slike?

void loop()

{
delayTime = delayTime - 100;
if (delayTime <= 0){ // If the delay time is zero or +

—+ less, reset 1it.
delayTime = 1000;

}
digitalWrite(kPinLed, HIGH);
delay(delayTime) ;
digitalWrite(kPinLed, LOW);
delay(delayTime) ;

}

 Kod je pruzet iz knjige: Alan G. Smith, Introduction to Arduino: A piece of
cake!, online:
https://www.introtoarduino.com/downloads/IntroArduinoBook.pdf, 2011.

* Naslici nije prikazana setup() funkcija, ni definisanje globalnih
promenljivih tj. prikazan je samo deo koda.



https://www.introtoarduino.com/downloads/IntroArduinoBook.pdf

Aritmeticki operatori i poredenja

Arithmetic Operators Comparison Operators

- = (assignment operator) - =={(equal to)

-+ (addition) - I=(not equal to)

- - {subtraction) - < (less than)

- *(multiplication) - > (greater than)

-/ (division) - <= (less than or equal to)

- % (modulo) - »=(greater than or equal to)

* QOperatori su prikazani na slikama.

e Vise o operatorima na sajtu:
https://www.arduino.cc/en/Reference/HomePage.

* Celobrojno deljenje se realizuje sa znakom ”/” ako su imenilac i
brojilac celobrojne vrednosti.



https://www.arduino.cc/en/Reference/HomePage

Logicki i slozeni (eng. compound) operatori

Boolean Operators| |Compound Operators

- && (and) - ++(increment)
- |l (or) - -- (decrement)
- I({not) - += (compound addition)

Bitwise Operators (compound subtraction)
- *=(compound multiplication)
- & (bitwise and)
- /= (compound division)
- | (bitwise or)
- %= (compound modulo)
- " (bitwise xor)
- &= (compound bitwise and)
-~ (bitwise not)

- |= (compound bitwise or)
- << (bitshift left)

e QOperatori su prikazani na slikama.
- >>(bitshift right)| « vje o operatorima na sajtu:
https://www.arduino.cc/en/Reference/HomePage.



https://www.arduino.cc/en/Reference/HomePage

Tipovi podataka

Data Types

void

boolean

char

unsigned char
byte

int

unsigned int
word

long

unsigned long
short

float

double

string - char array
String - object

array

Tipovi podataka su prikazani u tabeli.

Detalji se mogu pogledati na:
https://www.arduino.cc/en/Reference/HomePa
ge.

Konverzija se postize primenom odgovarajucih
funkcija.

Conversion

char()
byte()
int()
word()

long()
float()



https://www.arduino.cc/en/Reference/HomePage
https://www.arduino.cc/en/Reference/HomePage

Promena rezolucije

/4 change the resolution to 16 bits and read A8
analogReadResolution(16);

Serial print(", 16-bit : ");

Serial _print{analogRead(A@));

/4 change the resolution to 8 bits and read A@
analogReadResolution(8);

Serial print(", &-bit : ");

Serial println(analogRead(A@));

* Nije moguca na mikrokontrolerskim plocama koje se koriste na
laboratorijskim vezbama (UNO R3 i sliénim).

 Medutim, moguca je na Arduino Due, Arduino Zero i drugim
mikrokontrolerskim plo¢icama.

» Koristi se funkcija analogReadResolution().

— Vise o ovoj funkciji na
https://www.arduino.cc/en/Reference/AnalogReadResolution (slika je takode
preuzeta sa ovog sajta).

* U principu, kod nede javiti gresku ako se povecava rezolucija iznad
hardverskih granica, ali e ti bitovi biti prazni.

— Ovakavkod ima smisla pisati kada se planira povecanje hardverskog
kapaciteta.



https://www.arduino.cc/en/Reference/AnalogReadResolution

Pulse Width Modulation

volid loop() |
digitalWrite (LED BUILTIN, HIGH):
delay (1000) ;
digitalWrite (LED BUILTIN, LOW):;
delay (1000) ;

1

 Umesto digitalWrite() koristi se analogWrite() funkcija. Funkcija
digitalWrite() je koriséena kod Blink.iso primera.

* Na plocici pise pored digitalnih pinova PWM (pogledati sliku).
* To znaci mogucénost da se upravlja sa duty cycle.



PWM definicija/e

e “Pulse Width Modulation (PWM, http://en.wikipedia.org/wiki/Pulse-
width modulation) is a fancy term for describing a type of digital signal.
Pulse width modulation is used in a variety of applications including
sophisticated control circuitry” (izvor:
https://learn.sparkfun.com/tutorials/pulse-width-modulation).

e “Pulse-width modulation (PWM), or pulse-duration modulation (PDM), is
a modulation technique used to encode a message into a pulsing signal”
(izvor: https://en.wikipedia.org/wiki/Pulse-width modulation).

 “Pulse Width Modulation, or PWM, is a technique for getting analog
results with digital means. Digital control is used to create a square wave,
a signal switched between on and off. This on-off pattern can simulate
voltages in between full on (5 Volts) and off (0 Volts) by changing the
portion of the time the signal spends on versus the time that the signal
spends off” (izvor: https://www.arduino.cc/en/Tutorial/PWIM).



http://en.wikipedia.org/wiki/Pulse-width_modulation
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https://en.wikipedia.org/wiki/Pulse-width_modulation
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https://www.arduino.cc/en/Tutorial/PWM

PWM u praksi

50% Duty Cycle

50%
On 50%
Off

75% Duty Cycle

75%
On 25%
Oft

25% Duty Cycle
25%
On 75%
Oft

By Thewrightstuff - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=72876123



https://commons.wikimedia.org/w/index.php?curid=72876123

PWM vrednosti 0-255 na 0-5V

duty cycle [0-255]

Linearna zavisnost napona od faktora
ispunjenosti impulsa

100 150 200 250

S0
|

0
|

napon [V]

Linearna skala je prikazana na slici.
Skala je nacrtana u R-u (https://www.r-project.org/about.html).
Opseg od 0 do 255 se odnosi na duty cycle tj. faktor ispunjenosti impulsa.



https://www.r-project.org/about.html
https://www.r-project.org/about.html
https://www.r-project.org/about.html

analogWrite() primer

int led = %; S/ the PWM pin the LED is attached to
int brightness ax S/ how bright the LED is
int fadeimount EH S/ how many points to fade the LED by

// the setup routine runs once when you press reset:
vold setup() |

S{ declare pin 9 to be an ocutput:

pinMode (led, OUIPUT);
1

// the loop routine runs over and over again forever:
vold loop() |

S/ 3et the brightness of pin 9:

anaelogWrite {led, brightneszs):;

// change the brightness for next time through the loop:
brightness = brightness + fadelfmount;

S/ reverse the direction of the fading at the ends of the fade:
if {brightness <= 0 || brightness >= 2553) |
fadeimount = -fadelAmount;
1
S/ walit for 30 milliseconds to see the dimming effect
delay (30);

Ugradeni primer Fade.iso je
prikazan na sclici.

Sta je funkcija ovog primera?

Kada se koristi analogWrite()
funkcija, nije potrebno
koristiti pinMode() funkciju.
Koristi se za kontrolu
osvetljenosti (intenziteta
svetlosti na diodi), alii za
kontrolu motora.



Primer poruke na serijskom portu

void setup() |
Serial.begin (9600} ;

vold loop() |
Serial.println{"Na Arduino jeziku za Hello world! kaze se Blink!™):
delay {100} :

}

COM

Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
“Ha BErduino jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!
Na Arduinc jeziku za Hello world! kaze se Blink!

* Naslici je prikazan primer ispisa poruke na serijskom portu.
* Dve osnovne funkcije za rad sa stringovima su Serial.print() i Serial.printin().
 Sta bibilo da je iskori¥¢ena funkcija Serial.print()?



Tajmer

Time * Funkcije koje se koriste za merenje
delay() vremena su prikazane na slici
delayMicroseconds() (https://www.arduino.cc/reference/en/).

* Pogledati na sliciispod upozorenje kod
koris¢enja delay() funkcije
(https://www.arduino.cc/reference/en/lan
guage/functions/time/delay/).

micros()

millis()

Notes and Warnings

While it is easy to create a blinking LED with the delay() function, and many sketches use short delays for such tasks
as switch debouncing, the use of delay() in a sketch has significant drawbacks. No other reading of sensors,
mathematical calculations, or pin manipulation can go on during the delay function, so in effect, it brings most other
activity to a halt. For alternative approaches to controlling timing see the millis() function and the sketch sited below.
More knowledgeable programmers usually avoid the use of delay() for timing of events longer than 10’s of
milliseconds unless the Arduino sketch is very simple.

Certain things do go on while the delay() function is controlling the Atmega chip however, because the delay function
does not disable interrupts. Serial communication that appears at the RX pin is recorded, PWM (analogWrite) values
and pin states are maintained, and interrupts will work as they should.


https://www.arduino.cc/reference/en/
https://www.arduino.cc/reference/en/language/functions/time/delay/
https://www.arduino.cc/reference/en/language/functions/time/delay/

millis() i micros() funkcije

micros()

[Time]

Description

Returns the number of microseconds since the Arduino board began running the current program. This number will
overflow (go back to zero), after approximately /0 minutes. On 16 MHz Arduino boards (e.g. Duemilanove and Nano),
this function has a resolution of four microseconds (i.e. the value returned is always a multiple of four). On 8 MHz
Arduino boards (e.g. the LilyPad), this function has a resolution of eight microseconds.

millis()
[Time]

Description

Returns the number of milliseconds since the Arduino board began running the current program. This number will
overflow (go back to zero), after approximately 50 days.

* Za UNO R3 (Mega328P) clock frekvencija je 250 kHz. Dodatno, 32 b je rezervisano za timer.

* Pogledatidetaljno uputstvoza ove dve funkcije pre primene
(https://www.arduino.cc/reference/en/language/functions/time/millis/,
https://www.arduino.cc/reference/en/language/functions/time/micros/).



https://www.arduino.cc/reference/en/language/functions/time/millis/
https://www.arduino.cc/reference/en/language/functions/time/micros/

Druge Arduino biblioteke

101 Only Libraries

CurieBLE - Interact with smartphones and tablets with Bluetooth Low Energy (BLE).
CurielMU - Manage the on-board accelerometer and gyro.
CurieTimerOne - Allows to use Timer functions.

CurieTime - Allows to control and use the internal RTC (Real Time Clock)

Arduino okruzenje moze biti “proSireno” koris¢enjem biblioteka.

Kako bi se uvezla neka biblioteka koristi se padaju¢i meni Sketch i
opcija Import Library.

Za one koji to zele, postoje i uputstva kako napisati biblioteku za

Arduino: https://www.arduino.cc/en/Hacking/LibraryTutorial.

Primeri nekih biblioteka su prikazani na slici
(https://www.arduino.cc/en/Reference/Libraries).

Jedan savet: Nikada nemojte u potpunosti “verovati” nekoj
biblioteci, proverite sta tacno radi koja funkcija, pre nego sto je
iskoristite. Nekada brza resenja nisu najbolja resenja.



https://www.arduino.cc/en/Hacking/LibraryTutorial
https://www.arduino.cc/en/Reference/Libraries

Korisnicki unos u Arduino programu

int broj; // celobrojna vrednost po izboru korisnika

vold setup() |
Ff serijski port se koristi za uncos broja
Serial . begin {9600) ;

1

vold loop() |
ff stampanje pitanja na serijskom portu {(Serial monitor)
Serial.println{"Unesite celobrojnu vrednost po izboru?™);
while (Serial.aveilable () == 0) { // ceka 3e unos korisnika

1

S/ prikazuje se sta Jje unec korisnik na monitoru
Serial.print{"Uneli 3te: "):
Serial.println{broj):

-

8 coM12

7

Unesite celobrojnu vrednost po izboru?
Tneli ste:d

Unesite celobrojnu vrednost po izboru?
Tneli ste:d5s

Unesite celobrojnu vrednost po izboru?

broj = Serial.perselnt({); f/ ocitava se vrednost koju uncsi korisnik

serijskog porta.

Moguce je realizovati takav program da korisnik unosi parametre preko

Koristi se funkcija Serial.parselnt() za koju uputstvo mozete pogledati na:
https://www.arduino.cc/en/Serial/Parselnt.

Primer koda i izgled serijskog monitora dati su na slici.



https://www.arduino.cc/en/Serial/ParseInt

Unos 1.37

COM12 EEREER

Unesite celockrojma vrednost po izboru? o
Uneli ste:l

Unesite celobrojnu vrednost po izboru?
Tneli ste:3

Unesite celokrojnu vrednost po izboru?

m

-

Autoscroll :hln line ending :EHEUD baud - Clear output




PAJTON PROGRAMIRANJE



Pajton

* Pajton je programski jezik

Slobodan softver (= open source). Modularan. Praktican. Ovde: za 'merenja
sa serijskog porta, vizuelizaciju podatakai dr.

 Na KLIN predmetu su instalirane jedna po jedna biblioteka. Sada, pomocu
pip-a moZete instalirati koje god Zelite i/ili koje su Vam potrebne.

 Medutim, postoje i tzv. Custom Distributions instalacije koje dolaze sa
skupom paketa, npr.:
— Python(x,y), , dec. 2017.
— Sage, , dec. 2017.
e Vise programskih paradigmi je “pomesano” u ovom programskom jeziku:
objektno-orijentisano, funkcionalno programiranje, ...
« VAZNO: Ova prezentacija nema zadatak da uéi studentkinje i studente
programiranju, vec da istakne neke elemente programskog jezika Pajton

s obziromda je to sve popularniji programski jezik u merenjima koja su
zasnovana na primeni racunara.


https://en.wikipedia.org/wiki/Python_(programming_language)
http://www.pythonxy.com/
http://www.sagemath.org/

Pajton — deo istorije

* Kreirano ga je Guido van Rossum i prva verzija je objavljena 1991.
godine.

* Guido je rekao o kreiranju Pajtona
(https://en.wikipedia.org/wiki/History of Python):

...In December 1989, | was looking for a "hobby" programming project
that would keep me occupied during the week around Christmas. My
office ... would be closed, but | had a home computer, and not much
else on my hands. | decided to write an interpreter for the new
scripting language | had been thinking about lately: a descendant of
ABC that would appeal to Unix/C hackers. | chose Python as a
working title for the project, being in a slightly irreverent mood (and a
big fan of Monty Python's Flying Circus).

* Realno? Svima zelim Merry Christmas!


https://en.wikipedia.org/wiki/History_of_Python

@

Fil= Edt Search Sowrce Run Tools View 7 _
5 . o i T e e T =
i - P v a-g 53 EEH Gila] A 2D
4 b CPythonzelibisite-packagesioy v @ +
Edikor - Clﬁmﬁadﬂwmmwmﬁmm'ﬂrmmdﬂmw & x| Variable explorer R
-—-.| 2 Interpolation.py [£] | l" monkecarlo_pipy ;1-;-_| | el (= || Mame ~ Typz Size Yalus 1 a
- ~ | e float 1 2.7182818284590451 ot
2 Interpolation of an H-D curve - | i
3 Fram the 5ciPy Cookbook =! | pi flaak 1 3.14159265355979351 .;,
g
5 i b
& 6 from numpy dimport arange, cos, linspace, pi, =in, random
7 from scipy.interpalate import splprep, splev H
& ;
g i i AR 3 | =
ldt=linspace(@,1. 75" " pi, 10d) mﬁﬂﬂﬂ‘ﬁlﬁﬂﬂf 5 x
11 B
12 ® = Siﬂ{t] o Source Cﬂrlﬂ:lh IE ':tlﬂd Array :E u — mﬂ'ﬁ‘_
13y = cos(t) a er [
14z =t array(...) -
15 Fage Function of numgy.core, multiarr sy moduls
Console 5 ‘H| arrayiobject, divpe=Hone, copy=True, order=None, subok=False,
: : ridrrin=0})
3 thon 1 D02:25 |55
- ki O —~ Creake an array.
IP'thm 9.10.1 -- An enhanced Interactive Python. ~|
=» Introduction amd overview of IPython's features. =
mqun;kr'e'F -» Quick reference. Parameters
help =» Python's oun help system. -
object?  -» Details about “object’'. robject also works, ¢2 prints object : array_lke
mare. An array, any object exposing the array inberface, an object
- whose __array__ method returns an array, o any {nested)
- , SEQUENCE,
E;{c:;ttl?nﬂylah_.i;nu:pl:t::.:lilh;.sel;lamt:hm environment. d o GMEAEYDS, ogtional
TR oA TP PAPY : 4 The desired data-type for the array. If not given, then the
== bype will be determined a5 the minimum type requiredbobiodld %
In [1]: ﬂ Ii] u [l]
Permissions; B End-of-lines; LF Encoding: UTF-8-GUESSED Liree: 7 Cobumin: 1

By The original uploader was Joshdoe at English Wikipedia - Transferred from en.wikipedia to Commons by FSII using CommonsHelper., MIT,

https://commons.wikimedia.org /w/index.php?curid=18469698



https://commons.wikimedia.org/w/index.php?curid=18469698

Pajton osnove

i hy
=4 Python Shell l = | (=] W " osnovno.py - CifUsers/Nadica Miljkovic/Desktop/osnovno.py ﬁ
- - . F_9

File Edit Shell Debug Options Windows Help _FHE Edit Format FRun Qpﬁcns Windows Hgm
P}thnﬁnz.f.13 i%i;ﬁ.ijyéDEQS&bi;fal;”__J # u ovom kodu su prikazane osnovne operacije u Python-u
Decz 17 201, 20:42:59) [M5C v.1500 3 # =sabiranje, preuzimanje vrednosti, prikaz/Stampanje i if
2 bit {Intel}] on wini2 # inspiri=sano primerom =a sajta: http://tdc-www.harvard.edu/Python.pdf
Iype "copyright™, "credits™ or "lice
nse{)™ for more information. x = 2018 - 2014
oot ¥y = "Hella"™
RESTART 2= THi
Bl w25
ot
1::3 f p=— 1.2 or 2 = "Hi": # primetiti dve tatke
Hi all! p=p+ 0.05 # primetiti indent
> Z2i=:ZiA-" all!
t p ¥ da 1i je ova linijes u if strukturi ili ne?
z
* Primetiti da: na krajuizraza nema “;”, da je string mogude definisati na dva nacina, kako se
izgleda if struktura, da ne postoje posebne komande za pocetaki kraj, kako izgledaju
logicki operatori?
 Dodatno, primetiti da se za spajanje stringova (eng. concatenation) koristi operator “+”.
Negaciji odgovara operator not.
* VAZNO: kod prve dodele vrednosti nekoj promenljivojdolazi do njene inicijalizacije.
°

Na KLIN predmetu se koristi klasi¢an IDE za Pajton (eng. Integrated Development
Environment). Prikazanisu primeri za Pajton 2.



Pajton, osnovni tipovi podataka

nRN Ovo je primer viSelinijskoj komentara
koji se moZe koristiti po Zeljimm®
print vy
# jednolinijski komentar
74 Python Shell lelo/El eS| | 74 osnovno2.py - CUsers/Nadica Milikovic,
File Edit Shell Debug Options Windows File ' Edit Format Run Options Win
Help # primer multiple assignment
Python 2.7.13 (v2.7.13:a06454b1 ~[@l P, @ = 'Hello', ' world!®
afal, Dec 17 2016, 20:42:59) [M
SC v.1500 32 bit (Intel)] on wi it 'p="' p, "R

nrint llj_ — lr q

n3z2
Type "copyright™, "credits"™ or
"license ()" for more informatio

n.
T
RESTART
i
p = Hello
I q = world!
e

prelazak u novu liniju
i viSe parametara za
prikaz...

* Celobrojnitip podataka (eng. integer) je podrazumevani tip za sve brojeve.

an

e Za string-ove se mogu koristiti “”, alii “.

* Jednolinijski komentari poCinju sa tarabom “#”. Medutim, viselinijski komentari

pocinjusa “”” (pogledati sliku gore).

 Multiple assignment je jedna od osobina koda u Pajtonu (pogledati sliku dole).




Liste: append i insert

F append i insert funkcije
1:.: = 1r :.:.

X.append(56)
print 'x.append(sé) = ', x

X.ingert (1, 55)
print "X.insert(l, S5} = ', X

x = [10, &, 8, T, 6]

X.append({se) = [10, 9, 8, 7, &, 58]
x.insertc(l, 53) = [10, 55, 9, &, 7, 6, 56]
>33 |

* Primeri primene funkcija append i insert nad listama su prikazani.

* Primetiti da se pozivaju sa tackom nakon promenljive i da se nova
vrednost dodeljuje listi za koju se poziva.

 Dodatno postoje i: index (na izlazu daje indeks na kome se prvi put
pojavljuje element koji je prosleden kao argument), count (broj
pojavljivanja arguementa), remove (brise se prvo pojavljivanje argumenta),
reverse (menja se redosled elemenata), sort, clear, copy, ...

e Zakonverziju npr. u listu koristi se istoimena funkcija: list().



Kontrola toka i strukture u Pajtonu

sensor = 1; MNeka ostane kako je bilo

if sensor > Z: Ovo je izvan if strukture i Stampa se sigurno
print 'Upalite svetlo!! 3
2lif sensor < 0.5: 4
print 'Ugasite svetlo!' 5
glsa- &
print 'Neka ostane kako je bilo! 7
print '"Owo je izvan if strukture i Stampa sSe sigurno' g
vr = 1 ii
while wr < 51 12
if wr >= 1: 13
vr += 0.5 14
continue B
vr = wvr + 1
if wr > 4.5
for x in range (15):
if ® < 3:
®x +—= 1
print (x)

* Na slici su prikazane osnovne strukture u Pajtonu.

“w,n

e QObratiti paznju na “:” na kraju if, while i for strukture!
« Sta je rezultat koda sa slike? Koliko je vr na kraju while petlje?



Klase i objekti

7

L1 e [ [, e

L1 e

= Oscilloscope (cbhject) :

e Y = o e

I

ef dinit (=gelf, address = '/dev/ttyS50'
gelf.port = serial.Serial (address)
gelf.port.timeout = 5
scopeid = self.ask("~1dn?")
if scopeid == "':

print 'Cannct find

self.write ("header 0O")
self.write ('datatencdg ascii')

print
print 'Cannot open portc
print

ef _del (=self):
self.portc.close ()

write (self, =tring):

self.porc.write (2tring +

read(=self):

AL 1l

zelf.port.readline ()

readchar (self) :

rnn self.port.read()

ask(=self, guestion):
gelf.write (que=stion)

o =

irn self.read()

| I .

')

osSC11l1

]

SCO

', address

Ir'j

=

a_l

, address

Enkapsulacija,
polimorfizam,
nasledivanje ... poznato?

Na slici je dat primer
definisanja klase
osciloskop u kodu za
predmet Elektricna
merenja na Katedri za
elektroniku:
http://tnt.etf.rs/~oe2em/.



http://tnt.etf.rs/~oe2em/

Neke korisne funkcije

e len()

* repeat()
* ceil()

* radians()
e sin()

* exp()

* Konstante:piie
e capitalize()

* islower()

e jlsupper()

* split()

* read()
e write()
e close()

* Preporucene liste funkcija:

— http://www.astro.up.pt/~sousasag/Python For Astronomers/Python qr.pdf
— https://perso.limsi.fr/pointal/ media/python:cours:abregepython-english.pdf



http://www.astro.up.pt/~sousasag/Python_For_Astronomers/Python_qr.pdf
https://perso.limsi.fr/pointal/_media/python:cours:abregepython-english.pdf
https://perso.limsi.fr/pointal/_media/python:cours:abregepython-english.pdf
https://perso.limsi.fr/pointal/_media/python:cours:abregepython-english.pdf

II!!'
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Hello, I'm Python!

[ 'BANANA', 'APPLE', 'LIME']

What is your name?
Python

[(e, 'Banana'), (1, 'Apple'), (2, 'Lime')] Hi, Python.

The product is: 384


https://www.python.org/

numpy

Signal u vremenskom domenu

B THTeetErt |

0.0

<1 | LT |

=1.0 -

napon [V]

0 1 2 FFT 3 4 5

250 1
200 -
150 4
100 4
50 A
0 A T T
0 10 20 30 40 50
frekvencija [Hz]

Magnituda

* Kaze se da ova biblioteka sadrzi funkcije koje omogucéavaju funkcionalnostsli¢nu
Matlabu (relativno brze operacije sa nizovima i matricama, linearna algebra)

* Viseinformacija na: http://www.numpy.org/

* Primer raCunanja FFT (eng. Fast Fourier Transform) za jedan sintetickisignal je
prikazan na slici.



http://www.numpy.org/

# ovaj kod je inspirisan online primerom sa sajita:
# https://stackoverflow. com/questions/153832076/plotting-power—-spectrum-in-python

import numpy as np
import matplotlib.pyvplot as plt

fz = 100.0 # definisati frekvenciju odabiranija

t = np.arange (0, 5, 1/f=3) # kreirati vreme u trajanju od 5 sekundi
# zbor kosinusa =2a osnovnim frekvencijama od 8 i 15 HE

X =np.cos(d * np.pi * 8 * £t) + 0.2 * np.cozs(2 * np.pi * 15 * t)

# Furijeova transformacija

XF = np.ffc.£ft (x)

H = len(xF)

XF = XF[0:N/2] # posmatra se do Nikvista (fs/2)

fr = np.linspace (0, £=2/2, N/2) # definiZe ze frekvenciijiska karakteristika

# crtanie grafika
fig = plt.figure ()

ax = fig.add subplot(211)

ax.plot (t, x)

plt.title('Signal u vremenskom domenu')
plt.xlabel ("vrems [=]")

plt.vlabel {"napon [V]')

ax = fig.add subplot(212) :)
ax.plot (fr, abs(xF)) O o
plt.title ('FFT')

plt.yvlabel ("Magnituda')
plt.xlabel ("frekvencija [Hz]")

plt.show()



pyserial

e Vise na: :
* Ovo je biblioteka koja omogucava pristup serijskom portu.

 Moguce je Citati podatke (eng. read) sa serijskog porta, ali ih je
moguce i “slati” tj. upisivati na serijski port (eng. write).

* Zaone koje zanima da pristupaju virtuelnim serijskim portovima,
mogu pogledati:

* Nacin na koji mi pristupamo podacima iz Pajtona preko serijskog
porta se naziva snifovanje (eng. sniffing).

e To se koristi za merenja u KLIN!


https://pythonhosted.org/pyserial/
http://com0com.sourceforge.net/

matplotlib

*  Ova bibliotekasadrzi niz funkcija koje omoguéavaju iscrtavanje visoko kvalitetnih grafika.
*  Osim prikaza 2D grafika, koristi se i za prikaz 3D grafika, alii za prikaz slika.
*  Ako zatreba, horizontalnibarovi se prikazuju primenom barh() funkcije.

* ViSena: http://matplotlib.org/.

| e e e —
% racun2.py - ChUsers\Nadica Miljkovic\Desktop\MSR201M\skripta\racunZpy

File Edit Format Run Options Windows Help

74 Figure 1

import numpy as np
import matplotlib.pyplot as plt

# promenljiva u koju se sme3taju ucitane vrednosti
mer = []

citanje podataka iz fajla
= ogpen('C:/Users/Nadica Miljkovic/Desktop/merenje. txt",

mer.append (float (line.strip{) )}

# koriZcenje numpy biblioteke za osnovne parametre
print np.mean (mer)
print np.std(mer)

# prikaz histograma

plt.hist (mer)

plt.xlabel {'vrednost merenja')
plt.yvlabel {'broj merenja')
plt.grid (True)
plt.title{'Histogram')
plt.=show()

1t

]

Histogram

250 1+

200 1+

broj merenja
=
Ln
o
1

100

50 1

-4 -3 -2

# €3 +Q/= B

=1 0
vrednost merenja

1 2 3



http://matplotlib.org/

/a pripremu ove prezentacije

e koris¢eni su materijali sa sledecih sajtova:

— Merni sistemiu racunarstvu, 13E053MSR,
http://automatika.etf.rs/sr/13e053msr,

— Introduction to Python, http://tdc-www.harvard.edu/Python.pdf,
pristupljeno decembra 2017

— http://matplotlib.org/tutorials/introductory/sample plots.html#sphx-
glr-tutorials-introductory-sample-plots-py, pristupljeno decembra
2017

— idrugih koji suizlistani u prethodnim slajdovima.

.-

-

1 _By‘:l{én (fraw.ford ‘_— htt_p://wwv\_'/r.ui'rhaging'dée'ps‘ky..com:/NebuIaé/NGC?OOO/V_VaI'I.htm, CCBY-SA 4.0,



http://automatika.etf.rs/sr/13e053msr
http://tdc-www.harvard.edu/Python.pdf
http://tdc-www.harvard.edu/Python.pdf
http://tdc-www.harvard.edu/Python.pdf
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
http://matplotlib.org/tutorials/introductory/sample_plots.html
https://commons.wikimedia.org/w/index.php?curid=38689331
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Ja ¢u Vam pokazati:

1. Pokrenuti ugradenu funkciju “Blink.ino”. Testirati rad ove funkcije za
razliCite parametre.

2. Pokrenuti ugradenu funkciju “AnalogReadSerial.ino”. Testirati njen rad, a
potom uneti izmenu tako da se moze koristiti za prikaz napona na

serijskom portu.
3. Testirati rad ugradenog primera “Fade.ino”.
4. Kako se instalira biblioteka u Pajtonu, a kako u Arduinu?

Vi Cete testirati kada dodete u laboratoriju:

1. Na analogniulaz povezati potenciometar. Dodatno, ako je vrednost veca
od nekog unapred definisanog praga, ukljuciti ugradenu diodu.

2. Testirati korisnicki unos za paljenje/gasenje LED.
3. Kako bi se omogucilo merenje u Pajtonu?

By NASA/JPL, http://marsrovers.jpl.naSa.gov/gallery/press/spirit/20050420a.html, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=259514



http://marsrovers.jpl.nasa.gov/gallery/press/spirit/20050420a.html
https://commons.wikimedia.org/w/index.php?curid=259514

