Vhodno i1zhodne naprave

Laboratorijska vaja 1
Uvod v LAB vaje VIN
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1.1 Uvod v laboratorijske vaje VIN
m Oceno iz vaj sestavljajo

0 porodili:
m S predavanj (DN1: V/I naprave) (10%)
m 7 laboratorijskih vaj (DN2: simulacije, meritve) (10%)
1 VIN projekt (STM32) (70%)
1 dodatno, neobvezno delo (10%)

m Pogoj za opravljene vaje so:
(] prisotnost na vajah,
1 pravoCasno oddani in potrjeni porocili
0 VIN projekt (uspesSno oddan, objavljen in predstavljen).

Pomembno: vecino ocene pridobite s samostojnim delom, pri katerem
pricakujemo izzive in vam pri tem pomagamo.

VIN - LV 2 © Rozman, FRI



Laboratorijske vaje VIN — mnenija (22/23)

Nastejte-po-spominu-nekaj-najbolj-vam-zanimivih-vsebin-laboratorijskih-
vaj-?14-responses

Meritve-z-BSGiloSKOpomY
Delo-z-osciloskopi,-breadboard9
Uporaba-osciloskopa-odboj, prisluhi,-o¢esni-vzorect

DeKsdiranje prenosasighala’z’ostiloskepom so-bile-najbolj-zanimive-vaje, tudi-
delo-z- STMSZKemilfiKi-jc-bilo-zanimivod B
Ocesni-vzorec, breadboardd

Merjenje-z-osciloskopom9

Odboj-in-okoq

INigFitVe -odbojev-in-presluhove

VIEFjERj8 presluhov.-Nisem-si-sploh-predstavljal,-da-se-lahko-signali, ki-niso-
wireless-tako-motijo-med-sabo.q
Ko-smo-na-ploScevezaliled IUEKErUpore-itd. ter-vse-vaje-s-programiranjem-STM.4
Delo-z-osciloskopom9

Predstavljanje-VIN-projektov-iz-prejsnih-lets

Programiranje-STM32h7¢
senzorjis

1.1 Uvod v laborsterijske vaje VIN

[ g

[ I d
® = Vielmije

lahko-ve&-npr(-dekodiranja-znako)-in-manj-samo-merjenja-upotnosti{]

Nastejte-po-spominu-nekaj-najbolj-vam-zanimivih-vsebin-predavanj-?14-
res onsesq

Periodicni-signali-in-kako-sestavimo-pravokoten-signal4
Odboji,-presluhi,-povezovalni-standardi4

Odboji-in-prisluhiq
Daleé-najbolj-zanimiva-predavanja-so-bila-obisk Dewesofta-inSTM. Iz teh-sem-tudi-
najve¢-odneseld

SPI, 12C,-odboji-in-presluhi,-gostujo¢i-predavatel;iq
Najbolj-zanimivo-so'mi-bila-gostujoca-prwdavanja¥

Odbojiq

Odboji, protokoli-povezav-(UART, CAN, SPI,12C)9

Odboji.4

Ko-ste-prinesli-SKatlo'Z razlichimikabli,-gostujoca-predavanja-ter predstavitve-
skupin.4

el-.povezave-ter-odboji-in-programiranje-(in-povezovanje)-V/I4

Dewesoftq
Kaj-vse'se‘lahko-zgodi's'signali-in-kako-zunanji-vplivi-vplivajo-na-njih.4

unlilln.rn-llh‘-'-niln.inrqq

® 1.3.1.8 - Podrobnejsa-mnenja-—-VIN-(63728)---1zbor-2022/23
Prosimo,-nastejte-nekaj-najbolj-pozitivnih-opazanj, povezanih-z-izvedbo-predmeta.q

,-0d-katerih-smo-dobil-veliko-zanimivih-informacijfl
,-Cenekaj-ni-

nTE\,deriteve-bi-bilo-

Prosimo,-nastejte-nekaj-pomanijkljivosti-in-predlagajte-izbolj8ave,-povezane-z-izvedbo-

predmeta.y

* - Nicf

Prosimo, -nastejte-nekaj-najbolj-pozitivnih-opazanj,-povezanih-z-delom-izvajalca/ke-pri-

izvedbi-predmeta.j

® = Fajn-profesory]

e - Zelodobra-predstavitev-predmeta-in-dobra-pomot, ¢e-nekaj-ni-yreduf

e - Super-profesor-zelo-rad-pomaga¥]

s - Zelo-strasten-pri-delu,-obravnava-vsakega-studenta-posebej,-dobro-pripravljen, -ima-veselje-do-

poudevanja,-nasploh-prijetna-osebaf]

Prosimo,-nastejte-nekaj-pomanijkljivosti-in-predlagajte-izboljsave,-povezane-z-delom-

VIN - LV

izvajalcal/ke-pri-izvedbi-predmeta

& - Nic]
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Laboratorijske vaje VIN — mnenja (21/22)

Delo na prakti¢nem projektu (VIN projekt) mi je bilo koristno in zanimivo.

14 responses

® Da
® Ne
@ Srednje

lzvedba-predmeta:{

Prosimo,-nastejte-nekaj-najbolj-pozitivnih-opaZzanj,-povezanih-z-izvedbo-predmeta.y

l.-21/22

ober-pogled-nad- ndatkovnimi-potmi_-Predmet-se-na-novn-postavlja-in---
“‘H

e — Profesor-se-trudif]
e — Sproscenost-pri-predmetu ]
e — Dobra-razlaga, veckratna-razlaga, prijazen-profesorf

& = Pri-predmetu-mi-je-seveda-zeloviec-odnos-profesorja -saj-se-mu-pozna-da-ga-uéenje-
veseli,-in-da-ga-to-kar-u¢i-zanima.-Vedno- Linje-

vedno-pripravljen-pomagati.-Super-so-mi-bile-tudi-meritve-na-laboratorijskih-vajah, -saj-so-mi-
frnesle prakicno znanie uporabe.osciloskopa 1

Nastejte-po-spominu-nekaj-najbolj-vam-zanimivih-vsebin-laboratorijskih-

vaj-214rg5ponsest

Delo-z-STM324

Meritve iaf0sciloskopul

Meritves

Presluh-na-liniiah¥

Meritve-z-osciloskopom.
Presluhina-ploséatem kablu, O¢esnivzorec, 0dboji4
branje-asgii:znakov¥

HEle SKUpiniprimeritvah, pametna-hisa-(zadnje-vaje)4
[RErilve a68GiloskapiR- so-bile-vse-zelo-zanimived
MigFjenjeZ6SEilosKSpORY in-uporaba- fikEREaM"
Menrienie:presluhov-in-odbojevy
Vsemeritvezgsciloscopi, ¥

Merjenje-z-osciloskopit
Merjenje-na-osciloskopu$

VIN - LV 4

© Rozman, FRI



" JEE— _
Laboratorijske vaje VIN — mnenja (19/20)

Letos smo razsirili obseg projekta z Arduinom pri LAB vajah. Se vam to zdi dobra sprememba
7

13 responses
® Da
® Ne
@ Vseeno
Izbor mnenj 2019/20 :
L
« Ne_ nismo meli meritev v Zivo glaven je prekti¢en del.
+ Vaje se mi zdijo yredy. Dosti vec stvari bi lahko izvedli sicer v Zivo. Zanimivo bi bilo dodati
kakSen tip naloge oz. primer, kjer bi (ERAMCRGIagNOSTciraliFEaIEnProbIEMIpH
komunikaciji na liniji (zakaj ne dela, kje je problem, pregled z osciloskopom, itd.).
5 © Rozman, FRI
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" JEE
Laboratorijske vaje VIN — izhodisCa, novosti
I .| Novosti 2023/24

VP2-TinkerCad-(breadboard),-Arduino— |

| g;::tne-vezav?-primeri:-LED,ADC,-UZ- [ VeC pra ktlcnega dela:
VP3-STM32-CubelDE-projekt,-GP10,-LED," :
H7(UARTLLEDl]j-F:|VCFE}::<:IM-brenéaé)h I:l ST M 3 2

o o (BSP,SPI,Clickboard, CAN)
_ 71 VIN Projekt (priprava)

H7(12C,WM9884,Touch),Mi3x

VP5-STM32-CubelDE-projekt,-breadbd- 3
vezave(pari:LED,key,ADC, PWM),-;E

VP6-STM32-CubelDE-projekt,-breadhd- 3 a OSCI |OS ko p '
vezave-ll,-osciloskop-(SPI,PWM,I2C)x . . T > .
| ﬂ— 1 manj meritev linij, veC drugih

--LTSgice-IV-—-simuIacija-elektronskih'

vezijin-odboji, ) DN2AL -DN2AZx me rltev

LV1,2:-Meritve-dolZine,-karakteristi¢ne- !

impedance-in-odbojev-na-linijahH | I 2 C y S P I y CAN y PWM
i

LV1,2:-Meritve-odbojev-na-linijah,-matrika- H ;

razmerij-upornostix u delOVanje t|pa|

0 temperatura, svetlost
o ,park” senzorji (oddaljenost)
) o digitalni/analogni

m Tematski posnetki, portal, Discord
| LV4b:-O&esni-vzorec,-RS232,tipala,-SPIx - DN2 (Sprotne na]oge na VaJah)

LV5:-Meritev-in-uporaba-CANBus-vodila, |
CAN-IEX-modulX

LV3:-Meritve-presluhov-na-linijahx

LV4a:-Oc€esni-vzorec,RS232,tipala,-SPIx

VIN - LV 6 © Rozman, FRI
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Laboratorijske vaje VIN — izhodisCa, novosti

Nacrt-LABH H
-OIZL-slgnaHJque—-naPJquq.' =Nivojil .
C w - ” we ‘.-n -
Jod
VP1--Uvod,-tipala,-Tinkercad:
VP2--TinkerCad,-Arduinos it
VP3-STM32-Cubel DE-projekt,-VCP,- "
i1 GPIO,-PWM:-(brencac,-LED-)x
VP4-STM32-Cubel DE-projekt,- "
breadboard-vezave,-pari,-osciloskop- /
BVAZ:- LTSpice-IV---simulacija- gl
elektronskih-vezij-in-odbojix
LV1,2:-Meritve-dolzine,- Jof
karakteristicne-impedance-in-odbojev-
na-linijahx
LV1,2:-Meritve-dolzZine,- bt
karakteristicne-impedance-in-odbojev-
na-linijahn
VP5-Edge-(NN)-Al,-STM32_-SP1,-12C,- |
Misko3-(SensorTile?)x
LV3:-Meritve-presluhov-na-linijahx
o}
LV4:-Ocesni-vzorec,"-RS232-SPIx
o}
LV4:-Ocesni-vzorec,-RS232-SPIx
Jof

LV5:-Meritev-in-uporaba-CANBus-
vodila,-CAN-IEX-modulx

Novosti 2022/23

m VecC praktiChega dela:
1 STM32
0 VIN Projekt

h m Osciloskop:

0 manj meritev linij, veC
drugih meritev

m delovanje tipal
0 temperatura, svetlost

0 ,park® senzoriji
(oddaljenost)

0 digitalni/analogni

VIN - LV

7 © Rozman, FRI



Vhodno-izhodne naprave — VIN

Laboratorijske vaje :

m VP: Programiranje vgrajenih sistemov in V/I naprav

S poudarkom na razumevanju povezovanja, delovanja, in snovanj
resitev

m AV LV: Simulacije in meritve z osciloskopi
Prenosne linije (odboji, presluhi, o€esni vzorci)
Komunikacije (RS232, CANBUS, 12C, SPI)
Tipala

STM32MP1

&Q

| Slike osciloskapa: UTP kabel, Rs= 50..550 12, Ry = 1..500 0 {Rgen=501

Ro=1000 RL > Ro, Re=500Q
R.,Rs=0,50,500Q p.=0.666 (poz. odbaj)

m VIN projekt
Rs < Ro

m Samostojna zasnova prakticne resitve | resoa
i ps=-0.333
[1Virazdelek]

Vzpodbujamo:
m sprotno delo - sodelovanje na predavanjlh vajah
m lastno kreativnost in samoiniciativnost
m_radovednost in aktivhost

VIN - LV 9




" . PR serial Monitor
Laboratorljske vaje VIN E G
— e o o o o = oy, Distance {cm) : 94

Simulacija: TinkerCad  cesses {catery sog teamiteach o (@) 2z (3
Distance (cm) : 84
— - Distance (

o o Y

https://www.tinkercad.com/

wogos/ ue'Le

lzvedba:

Text ¥ =

3| void loop() {

14 digitalWrite(trigger Pin, LOW); /4]
15 delay(l);

16 digitalWrite (crigger Pin, HIGE);
delayMicroseconds(10); / /Maki
digitalWrite(trigger Pin, LOW);

=
) O

) =

20 duration = pulseln(echo Pin, HIGH);
21 distance = duration * 0.017; //((34
22 [* Speed of the sound in Air = 340 m/!
23 * multiply it by 100 toc get the data

N

“ divide by 1,000,000 as duration is
“ divide by 2 as ultrasound signal t
S

Serial.print("Distance (cm) : ");
Serial.println(distance);
delay(100);

(8
1o W

NN

O D

w NN

(
—

© Rozman, FRI



https://www.tinkercad.com/

PraktiCna izvedba (meritev delovanja tipala)

[ ricoL se =0 e — n " Rison ik, i e |
PR T e = [ = - j‘

«««««

|
I us / 58 = distance (cm) |

10 us pulse

Simulacija: 'RIGOL 05/1%% T

UZ Senzor test

RIGOL T'D AR

o
EE! UZ Senzortest © W Stop Simulation de ng

e YA : Osciloskop - nastavitev
§ Measure -> Time-> Width

i Be =

v 1 © Rozman, FRI




" Jmraboratorijske vaje VIN — platforme
STM32H750B-DK Discovery razvojni sistem

*Arm® Cortex® core-based microcontroller with 128 Kbytes (STM32H750XBH6) of
Flash memory and 1 Mbyte of RAM, in TFBGA240+25 package

*4.3” RGB interface LCD with touch panel connector
*Ethernet compliant with IEEE-802.3-2002, and POE
*USB OTG FS with Micro-AB connector
*SAl audio codec
*One ST-MEMS digital microphone
*2 x 512-Mbit Quad-SPI NOR Flash memory
*128-Mbit SDRAM
*4-Ghyte on-board eMMC
1 user and reset push-button
*Fanout daughterboard
*2 x FDCANSs
*Board connectors:
* USB FS Micro-AB connectors
*  ST-LINK Micro-B USB connector
* USB power Micro-B connector
* Ethernet RJ45
* Stereo headset jack including analog microphone input
* Audio header for external speakers
* Arduino™ Uno V3 expansion connectors
* STMod+

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

VIN - LV 12 © Rozman, FRI
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STM32F407 ST Discovery STM32

STM Discovery F4 (Cortex M4)

*STM32F407VGT6 microcontroller featuring 32-bit Arm® Cortex®-M4
with FPU core, 1-Mbyte Flash memory and 192-Kbyte RAM in an
LQFP100 package

*USB OTG FS

SB Micro kabel
SB Mini kabel

ST MEMS 3-axis accelerometer
*ST-MEMS audio sensor omni-directional digital microphone
*Audio DAC with integrated class D speaker driver
*User and reset push-buttons
*Eight LEDs:
L D1 (red/green) for USB communication
+LD2 (red) for 3.3 V power on
*Four user LEDs, LD3 (orange), LD4 (green), LD5 (red) and
LD6 (blue)
*Board connectors:
*USB with Micro-AB

*Stereo headphone output jack
+2.54 mm pitch extension header for all LQFP100 1/Os for

quick connection to prototyping board and easy probing

*External application power supply: 3V and 5V

https://www.st.com/en/evaluation-tools/stm32f4discovery.html

VIN - LV 13 © Rozman, FRI


https://www.st.com/en/evaluation-tools/stm32f4discovery.html

"
STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

All features

. Easy-to-use app with immediate functionality for the following motion and
environmental sensor applications:

. Pedometer optimized for belt positioning

. Baby crying detection with Cloud Al learning

. Barometer / environmental monitoring

. Vehicle / goods tracking

. Vibration monitoring

. Compass and inclinometer

. Sensor data logger
. Expert Mode with additional sensor app parameter settings
. Compact board with the following high precision sensors:

. Digital temperature sensor (STTS751)

. 6-axis inertial measurement unit (LSM6DSOX)

. 3-axis accelerometers (LIS2DW12 and LIS3DHH)

. 3-axis magnetometer (LIS2ZMDL)

e Altimeter / pressure sensor (LPS22HH)

. Microphone / audio sensor (MP23ABS1)

. Humidity sensor (HTS221)

. Ultra-low-power ARM Cortex-M4 microcontroller with DSP and FPU
(STM32L4R9)

. Bluetooth application processor v5.2 (BlueNRG-M2) which replaces the
SPBTLE-1S Bluetooth Smart connectivity v4.2 module of the board previous
batches

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

VIN - LV 14 © Rozman, FRI
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

STEVAL-MKSBOX1V1

) —

TEMPERATURE

PRESSURE
LPs22HH B~ (- SENSOR
& STTS751

BLE 4.2

AUDIO SENSOR

MP23ABS1 |

|

N

y

SPBTLE-1S | | |
MICROCONTROLLER

BATTERY

CHARGER

.
LY
ACCELEROMETER
I LIS2DW12

3D ACC+GYRO
LSM6DSOX ™|

ACCELEROMETER
LIS3DHH

N

MAGNETOMETER

=N

LIS2MDL

B TEMP+HUM
N, SENSOR
HTS221

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

VIN - LV
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

The loT made easy

VGRAJENE APLIKACIJE

Primeri vgrajenih aplikacij, dostopnih v Entry Mode nacinu aplikacije STE BLE Sensor:

Preprosta aplikacija za Stetje korakov s pomo¢jo merilnika pospeska
Zaznavanije otroSkega joka
o zaznavanje otroSkega joka preko mikrofona, prizig LED diode/opozorilo na
aplikaciji, ko je jok zaznan
e Barometrska aplikacija
Discovery sensors functionalities Configure and Develop specific functions using o omogoca dodatno ponastavljanje senzorjev za temperaturo, tlak in viago,
using pre-defined functions define new apps development environment prejete meritve prikaze graficno v obliki
R " e Sledenje prevazanim dobrinam, stanje v vozilu
ProgramWiftrt:) r:bjser:;nphone Enter the powerful STM320DE o s primernimi tipali (npr. merilnik viage) merimo pogoje, katerim bi bili
potencialno izpostavljeni izdelki, prevazani v nekem vozilu
e Vibration monitoring
o dolo¢imo neko sprejemljivo meritev tresljajev, ki jih zaznamo z merilnikom
pospeska - o morebitnih odstopanjih obvestimo uporabnika in zabelezimo

No need to program anything

KAJ VSE OMOGOCA APLIKACIJA?

V realnem ¢asu s pomocjo senzorjev zaznava stanje v okolju, risanje grafov na podlagi dogodek
podatkov, shranjevanje podatkov v oblak - cloud logging. e Compass and inclinometer
T - o belezenje sprememb v orientaciji SensorTile.box-a tekom ¢asa, graficni
— _ _ _ prikaz meritev (npr. spremembe v smeri neba, naklon)
‘ Stop plotting Pressure TILEBOX
/ ? R ety i b S AN

Seloct the cloud provider °
i Azure loT Central - Contoso / A\
2360°C  NotPresent : e n l \Y./
! Azure IoT - ST Web Dashb... ® Rssi; -97 dbm
Azure loT

i zaznavanje shranjevanje kompas
1 i o pedometer  oiroskegajoka  podatkov

: Charge: 0.0%
Y i 1BM Watson loT - Quickstart Charging -
e rE 1BM Watson loT Yoleoe: 0.000 ¥ "R
1009.04mBar  5270% Prossrs (ma CHINER. 0L DL e
-

o) S

Generic MQTT

Ts17 : 1008.19 (mBar) — i nadzorovanje ’
nadzorovanje ; :
B / fusion

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
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"
ST Discovery STM32MP157C STM32

STM Discovery MP1 (2xCortex A7 + 1xCortex M4)
*STM32MP157 Arm®-based dual Cortex®-A7 32 bits + STM3 2MP 1
Cortex®-M4 32 bits MPU in TFBGA361 package

*4-Gbit DDR3L, 16 bits, 533 MHz

*1-Gbps Ethernet (RGMII) compliant with IEEE-802.3ab

*USB OTG HS

*Audio codec

*4 user LEDs

+2 user and reset push-buttons, 1 wake-up button

*5V /3 AUSB Type-CTM power supply input (not provided)
*Board connectors:Ethernet RJ454 x USB Host Type-AUSB
Type-CTM DRPMIPI DSISMHDMI®Stereo headset jack
including analog microphone inputmicroSDTM cardGPIO
expansion connector (Raspberry Pi® shields capability)
*ARDUINO® Uno V3 expansion connectors

*STM32CubeMP1 and full mainline open-source Linux® STM32
MPU OpenSTLinux Distribution (such as STM32MP1Starter)
software and examples

*4" TFT 480 % 800 pixels with LED backlight, MIPI

DSISM interface, and capacitive touch panel

*Wi-Fi® 802.11b/g/n

*Bluetooth® Low Energy 4.1
VIN LV 17 © Rozman, FRI




STM32F769 ST Discovery

STM Discovery F7 (Cortex M7)

*STM32F769NIH6 microcontroller featuring 2 Mbytes of Flash
memory and 512+16+4 Kbytes of RAM, in BGA216 package
*On-board ST-LINK/V2-1 supporting USB reenumeration
capability

*USB ST-LINK functions: virtual COM port, mass storage, debug

aws g

port
4" capacitive touch LCD display with MIPI® DSI connector (on
STM32F769I-DISCO only) b phEh e gk o arm
*SAl audio codec ). i N , MBED
*Two audio line jacks, one for input and one for output st ol : Enabled
«Stereo speaker outputs L 7
*Four ST MEMS microphones on DFSDM inputs
*Two SPDIF RCA input and output connectors

*Two push-buttons (user and reset)

*512-Mbit Quad-SPI Flash memory

+128-Mbit SDRAM

*Connector for microSD card

*Wi-Fi or Ext-EEP daughterboard connector

*USB OTG HS with Micro-AB connector

*Ethernet connector compliant with IEEE-802.3-2002

https://www.st.com/en/evaluation-tools/32f769idiscovery.html

*Arduino™Uno V3 connectors
VIN - LV 18 © Rozman, FRI
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VIN Projekt — primeri simulacij (TinkerCad DN2-VP2)

Mini Piano

SENZOR ZA ZAPORNICO

Varnostni sistem za preprecitev zaprtja parkirne zapornice v primeru, da je pod njo objekt.

VIN - LV 19 © Rozman, FRI
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VIN Projekt — primeri

i, A

g

- K

3 ;: VIN Arduino RPM Calculator using Hall Effect sensor
R ssvewn - sm720m
_ ]




LSM6DSOX
Machine Learning Sensor

OUTPUT

VIN Projekt - Izzivi

Ready 1o conn
ect o Microso
= PlotData & " 'OT Wes

[ - | ; Klasifikacijski razred Bernard Kuchler

Uporaba modelov strojnega uc¢enja v

el i
b e

Extemal Sensor

vgrajenih sistemih

o\ Moy [
R - { un
o Ota \
/ D \ m Newral Network (1) | B save Model (1)
3

2
(CSV Fle Import (1) Data Table (1) Select Columns (1) %

Test and Score (2)
(1

eo |
CELEE \ ! s '
F1VAR on ACC.V@

—
- e —— > 7.607566:07

F1_VAR on ACC.V @

£0.120615 S —— 020615
vela_plost
98.3%, 58/59

> 0.0457891

Jan Renar

Zaznavanje cloveskih aktivnosti s

kombinacijo tipal na razvojni ploséi

2 (]
71.4%, 10/14
Sensortile.box

P
. ;i
Figure 1-2: i

STM32F4 Discovery connected i
o four click™ boards through the
STM32 Discovery Shield

MiSKO 3 BLOCK DIGRAM : ‘ ; .

m rozvojnego Sistemd MiSKo 3

slika 1: Blogni diagrd

is a docking station. Use it to quickly
turn your Discovery board into a RFid lock, SMS-

triggered control switch, GPS tracking device, full-blown weather
station, or whatever else you have in mind. Assemble your prototypes quickly using

click™ additional boards. just snap them into mikroBUS sockets, like LEGO blocks. As easy as pie!
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