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How to Build an Embedded System?

* Buttons * LEDs

* Sensors * Motors
* Temperature e Communication Interfaces
« IMU Inputs " eontroller Outputs * UART
0l Hardware 0
e .. * |2C

* Communication Interfaces * Ethernet
* UART . ..
e SPI * RF Transceiver
* 12C
* Ethernet

* RF Transceiver
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Sensors
Sensor
* Device for Detection: A sensor is a device designed
to detect changes in physical, chemical, or
. : . Voltage Source
biological environments.
e Signal Conversion: It converts these changes into
electrical signals that can be measured and
processed. Input Sensor Output
(Physical quantity) (or Detector) (Electrical Signal)

 Real-World Interface: Serves as the bridge
between the physical world and embedded
systems.

 Core Functionality: Enables systems to monitor,
control, and respond to environmental variations.
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Sensors

Sensor Output Types

Analog Sensors
Digital Sensors

Sensors Types

Temperature
Pressure
Light

Motion

Gas

GPS

Etc...
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e MCU & MPU Development Boards

Rasberry Pi 3
MPU Based
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e MCU & MPU Development Boards

* Arduino Mega 2560 Development Board + Extension Card

* The board accommodates

The ATmega2560 microcontroller, which operates at a frequency of 16 MHz. 54 digital
input/output pins,

16 analog inputs,
4 UARTs

A USB connection,

A power jack
An ICSP header

A reset button.

.-~

|
{
|

* For Details:

Lo o, o, o -
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https://docs.arduino.cc/resources/datasheets/A000067-datasheet.pdf
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e MCU & MPU Development Boards —

Wcno Wniver
* Arduino Mega 2560 Development Board + Extension Card i
B CoMMUNICATION _—|O'I'HERl
MICROCONTROLLER PIN .SWB
I INTERNAL

* Board Pinout Diagram
=J\TMEGA25505
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e MCU & MPU Development Boards

* Arduino Mega 2560 Development Board + Extension Card

* Board Block Diagram PWRIN +5V +3V3

LD1117S558 + LP2985-33 . LMV34BIDGKR

- ]

XT2 16MHz Y1 16MHz

Mega 2568 Rev3

Dr. V. E. Levent Embedded Systems
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e MCU & MPU Development Boards

* Arduino Mega 2560 Development Board + Extension Card
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Voice module, wireless bluetooth module
APC220 wireless module

Provides module analog output

Buzzer

4-bit digital display

infrared receiver

DS18B20, LM358 interface

3 independent buttons

Steering gear, infrared obstacle avoidance,
flame, light sensitivity, etc. Module interface

Dr. V. E. Levent Embedded Systems
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e MCU & MPU Development Boards

* Arduino Mega 2560 Development Board + Extension Card

3

HI

OREF SCL | wireless
]2 ___ IOREF SDA 2 — e S T module
3 RESET AREF 3 interface
i A i
3 Vs 5 1
g
[ Vin ]Il' 10 f
8 = 8
HE g ?U
Header 10
IP7? H2
[ —a 1 .
s Al =5 :
3 |22 — 3
g2 4 4
- ) 5
ol . Z .
Header 6 0 ;
HE
+5
RIO
10K 2
0.1uF
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e MCU & MPU Development Boards
* STM32 Nucleo Development Board

* STM32 microcontroller in LQFP64 package

* Three LEDs:
USB communication (LD1), user LED (LD2), power LED (LD3)
* Two push-buttons: USER and RESET
* Two types of extension resources
ARDUINO® Uno V3 connectivity
* ST morpho extension pin headers for full access to all STM32 I/Os
* Three different interfaces supported on USB:
Virtual COM port

Mass storage

o 3 NUCLEQ-GOB1RE
Debug port b NUGOB1RESAU2

* For details:

Dr. V. E. Levent Embedded Systems



https://www.st.com/resource/en/user_manual/um1724-stm32-nucleo64-boards-mb1136-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um1724-stm32-nucleo64-boards-mb1136-stmicroelectronics.pdf
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e MCU & MPU Development Boards

ST-LINK part
* STM32 Nucleo Development Board

Embedded
ST-LINK/NV2-1

* STM32 Nucleo Board Block Diagram

ST morpho extension header

o
']
g
=
=]
w
=
&
@
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=
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w

ARDUINO® connector
ARDUINO® connector

Dr. V. E. Levent Embedded Systems
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e MCU & MPU Development Boards

STM32 Nucleo Development Board

STM32 Nucleo Board Block Diagram

Dr. V. E. Levent

CN2
ST-LINK/Nucleo
selector

CN4
SWD connector

B1 USER
button

JP6 IDD
measurement
LD3

{Red LED)
power

CNB
ARDUINC®
connector

CNT
ST morpho
connector

CNB8
ARDUINO®
connector
32 KHz
crystal(1)

Embedded Systems

CN1
ST-LINK USB
mini B connector

LD1
(Red/Green LED)

B2
RESET button

SB2
3.3 V regulator output

LDz
(Green LED)

ARDUINO® connector

ST morpho connector

ARDUINO® connector

STM32
microcontroller

MS34376V3




MCU & MPU Architectures, Interfaces

e MCU & MPU Development Boards

* MPU, STM32 Nucleo with Extension Board
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e MCU & MPU Development Boards

* Rasberry Pl 3 Development Board

* Raspberry Pi 3 Model B+ has a 64-bit quad-core processor
running at 1.4GHz

* Dual-band 2.4GHz and 5GHz wireless LAN
* Bluetooth 4.2/BLE

* Gigabit Ethernet

e USB2.0

* 1 xfull size HDMI

* MIPI DSI display port

*  MIPI CSI camera port

* Details:

Dr. V. E. Levent Embedded Systems


https://datasheets.raspberrypi.com/rpi3/raspberry-pi-3-b-plus-product-brief.pdf
https://datasheets.raspberrypi.com/rpi3/raspberry-pi-3-b-plus-product-brief.pdf
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e MCU & MPU Development Boards

Rasberry Pl 3 Development Board

Block Diagram

Al 3 \]2837

Quad ARM Cortex-AS3
and GPU

PAM 2306
Dual DC-DC
Converter

-
-—
-

PR

TFT Display

HDMI Out Camera

Dr. V. E. Levent Embedded Systems
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and Ethernet
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e MCU & MPU Development Boards

* Rasberry Pl 3 Development Board

* Block Diagram

4 Squarely Placed 40 GPIO SMSC LAN9514 USBE
Maunting Holes Headers Ethernet Controller

Run Header Used
to Resat the PI
2x2 USB-A
Parts ko PC

Broadcom BCM28335

MicroSD Card Slat
(Underneath)

DSI Display Connector

Switching Regulator for .
sz Power Consumption | H T &Lyl 1 £ — Ethernet Out Port

W Micro US M Porf
. rp:;:;r" SR ek et Compasite Output lack
CSI Camera
Connactor

Dr. V. E. Levent Embedded Systems
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e Sensor Development Boards

Use Case Hardwares

Gyroscope, MPU6050

Laser Distance Measurement, TOFO50C
GPS, NEO-7M

RF Transceiver, Dorji DRF1278DM

Dr. V. E. Levent
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e Sensor Development Boards

Sensors
Gyroscope, MPU6050

Voltage: 3-5V

Gyro Maximum Degree Measurement: +- 250, 500, 1000, 2000 ° /s
Accelerometer: +2+4+8+16¢g

Communication: Standart 1°C

I2C Address: 0x68

Up to 400KHz 12C Speed

DI ]S

Dr. V. E. Levent Embedded Systems


https://invensense.tdk.com/wp-content/uploads/2015/02/MPU-6000-Datasheet1.pdf
https://invensense.tdk.com/wp-content/uploads/2015/02/MPU-6000-Datasheet1.pdf
https://invensense.tdk.com/wp-content/uploads/2015/02/MPU-6000-Register-Map1.pdf
https://invensense.tdk.com/wp-content/uploads/2015/02/MPU-6000-Register-Map1.pdf
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e Sensor Development Boards

* Sensors

* Gyroscope, MPU6050 I/Os

Dr. V. E. Levent Embedded Systems
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e Sensor Development Boards

* Sensors “‘ve‘\se“:ew;
R\ \ B
- AN
* Gyroscope, MPU6050 Diagram \ “'.::“'_._r-'}"

cf:':: Closk MPU-60X0
a 121,

B

INT

O cs)
S 5 AD0 1 (SDO)
23

SCL/(SCLK)
zﬂJ;- SDA/ (SDI)
70 Aux_cL

() AUX_DA

w
Q
H
2]
E
2
g
a

{ ) FSYNC

Digital Motion
Processor
(DMP)

Bias & LDO

o 13 / 18 o B

VDD GND REGOUT [VLOG IC]
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e Sensor Development Boards

* Sensors

* Gyroscope, MPU6050 Diagram
Interrupt Sources

* FIFO Overflow FIFO

* Data Ready Sensor Registers
* |2C Master errors: Lost Arbitration, NACKs | 2C Master

Dr. V. E. Levent Embedded Systems
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e Sensor Development Boards

* Sensors
* Gyroscope, MPU6050 Diagram

* Typical Register Read

Single-Byte Read Sequence

el [STROW] [ [s[AwR] | Aok
L 3 N O 3 L R

Burst Read Sequence

sl [STRON]_[m[ [s[ow] | [AK] [wRkP]
S | | o [A] | [RoR[oAA| [oRm| | |

Dr. V. E. Levent
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e Sensor Development Boards
» Sensors \“\IQ““'Bgsgj;

* Gyroscope, MPU6050 Diagram

* Typical Register Write

Dr. V. E. Levent Embedded Systems
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e Sensor Development Boards

* Sensors
EEENE B
* Gyroscope, MPU6050 Register Space ﬂﬂ“
9“ - ADDR;
Ve e .
. NRNET

LATCH
_INT_EN

Dr. V. E. Levent Embedded Systems
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e Sensor Development Boards

* Sensors

Gyroscope, MPU6050 Register Space

N
Dr. V. E. Levent Embedded Systems
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Sensor Development Boards

* Sensors

* Gyroscope, MPU6050 Register Space

gens® Py
m\":;‘“-ﬁoc'&{ : Hj ®
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e Sensor Development Boards

* Sensors

* Gyroscope, MPU6050 Register Space

* Disable sleep mode
* Read Registers 59 to 72 for Gyro and Acc Data

Dr. V. E. Levent Embedded Systems
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e Sensor Development Boards

* Sensors . )
@ pyeelER)
| , B RS L
* Laser Distance Measurement, TOFO50C (wx Y LT O
=(i an
:8% g5 5 .
* ToF distance sensor module based on the VL6180X system. It g & 3 (:fi 2 :
OO0 00 O ¢

uses FlightSense™ technology that allows you to measure the
absolute distance regardless of the color and surface of the - -
detected object.

* Range:2to50cm \
* Deadzone:0to2cm

* Interface: 12C

* |2C address: 0x29

* Viewing Angle (FOV): 25°

* Powersupply:3to5V

TOF050C-VL6180X
000000

Details:

Dr. V. E. Levent Embedded Systems


https://www.st.com/en/imaging-and-photonics-solutions/vl6180x.html
https://www.st.com/en/imaging-and-photonics-solutions/vl6180x.html
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e Sensor Development Boards

* Sensors

* Laser Distance Measurement, TOFO50C

PROXIMITY SENSOR
ALS CONE
N {J PROXIMITY SENSOR

\'.
PROXIMITY SENSOR —m—r————%—7 |
VIEWCONE < i /

0.71

Dr. V. E. Levent

/ ILLUMINATION CONE

TOF050C-VL6180X
O0O00O0O0
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e Sensor Development Boards

* Sensors

* Laser Distance Measurement, TOFO50C, I/Os

VL6180X module
VL6180X silicon

AVDD_VCSEL

AVSS_VCSEL

IR emitter

Dr. V. E. Levent
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e Sensor Development Boards

* Sensors

* Laser Distance Measurement, TOFO50C, Register Map

y RS
b, L. = "y 1
L i
: =(it @ ‘N S
zZ = < J
S &§ 8 ¥ 2 3

TOF050C-VL6180X
OO0 0000

Dr. V. E. Levent

Tova | o |
o0 [oewmroamon ooe o |
IDENTIFICATION__MODEL_REV_MAJOR |
IDENTIFICATION__MODEL_REV_MINOR
SYSTEM__MODE_GPIOD

SYSTEM__MODE_GPIO1

_ SYSTEM__HISTORY_CTRL

SYSTEM__FRESH_OUT_OF RESET
YSTEM__GROUPED_PARAMETER_HOLD
YSRANGE__START

SYSRANGE__THRESH_HIGH

SYSRANGE__MAX_CONVERGENCE_TIME

0 SYSRANGE__MAX_AMBIENT_LEVEL_MULT
RANGE__VHV_REPEAT_RATE

SYSALS__THRESH_LOW

Embedded Systems
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e Sensor Development Boards

* Sensors

* Laser Distance Measurement, TOFO50C, Register Map

SHUT

TOF050C-VL6180X
OO0 0000

Dr. V. E. Levent

SYSALS__ANALOGUE_GAIN
| 0x040  |SYSALS__INTEGRATION_PERIOD
o0

mﬂ?ﬂz;g}l:oﬁa RESULT__HISTORY_ BUFFER x

RESULT__RANGE_VAL
RESULT__RANGE_RAW

RESULT _RANGE_RETURN_RATE

oo Jresur_mwwoe rervRi e |
RESULT_RANGE_RETURN_SIGNAL_COUNT

0x07C  |RESULT _RANGE_RETURN_CONV_TIME
0x080 |RESULT__RANGE_REFERENCE_CONV_TIME
0x10A |READOUT _AVERAGING SAMPLE_PERIOD

19 FIRMWARE__ BOOTUP
0x120 FIRMWARE __ RESULT_SCALER

Ox212 12C_SLAVE__DEVICE_ADDRESS

Embedded Systems
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e Sensor Development Boards

* Sensors

* Laser Distance Measurement, TOFO50C
* Measurement

*  Write SYSRANGE_START (Addr 0x0) to 1

* Wait RESULT_INTERRUPT_STATUS Register Ox4F
* Read RESULT_RANGE_VAL Register 0x62

Dr. V. E. Levent
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SMA antenna interface

Ceramic antenna

e Sensor Development Boards

* Sensors
* GPS, NEO-7M
* GPS Satellite Positioning Module

* UART Interface
* NMEA (National Marine Electronics Association) 0183

e Details:

Antenna amplifier

circuit

Dr. V. E. Levent Embedded Systems



https://content.u-blox.com/sites/default/files/products/documents/NEO-7_DataSheet_%28UBX-13003830%29.pdf
https://content.u-blox.com/sites/default/files/products/documents/NEO-7_DataSheet_%28UBX-13003830%29.pdf
https://content.u-blox.com/sites/default/files/products/documents/NEO-7_DataSheet_%28UBX-13003830%29.pdf

e Sensor Development Boards

Sensors
GPS, NEO-7M

GPRMC (Recommended Minimum Navigation Information):Provides
essential data including time, date, latitude, longitude, speed, and
course over ground.

GPGGA (Global Positioning System Fix Data):Contains detailed fix
information such as latitude, longitude, altitude, fix quality, and the
number of satellites used.

GPGSA (GPS DOP and Active Satellites):Indicates which satellites are
being used for the fix and provides dilution of precision (DOP)
values for positioning accuracy.

GPGSV (GPS Satellites in View):Lists all satellites in view along with
details like satellite ID, elevation, azimuth, and signal-to-noise ratio.

GPVTG (Track Made Good and Ground Speed):Reports the ground
track (direction) and speed over ground.

GPGLL (Geographic Position — Latitude/Longitude):Outputs the
current position (latitude and longitude) along with a status
indicator to show if the data is valid.

System Design with Sensors | - Baremetal

SMA antenna interface

Ceramic antenna

Serial TTL interface

Antenna amplifier

circuit

Dr. V. E. Levent Embedded Systems
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SMA antenna interface

Ceramic antenna

e Sensor Development Boards

* Sensors

« GPS, NEO-7M

Signal indicator

* Sample NMEA Message

Serial TTL interface

3246 M, 82 000177

.5,E,D,¥*51

Dr. V. E. Levent Embedded Systems
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SMA ant interf
e Sensor Development Boards

* Sensors

* GPS, NEO-7M, 1/0s

GND GND
ANT_ON/Reserved RF_IN
Reserved GND
Reserved VCC_RF
Reserved RESET_N

NEO-7 ,

Antenna amplifier

circuit

Serial TTL interface

DD _USB
Top View < pp
USB_DM

EXTINT

TIMEPULSE

D SEL

Reserved

Dr. V. E. Levent Embedded Systems
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SMA ant interf
e Sensor Development Boards
* Sensors

* GPS, NEO-7M, Block Diagram

NEO-7 module
UBX-G7020

Antenna amplifier
circuit

Dr. V. E. Levent Embedded Systems
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SMA ant interf
e Sensor Development Boards

* Sensors
* GPS, NEO-7M, Example Settings

* Baud Rate Change: Can change the default baud rate (e.g., from
9600 to 115200) using the UBX-CFG-PRT command.

* Update Rate Adjustment: Configure the measurement rate
(e.g., setting the module to output data at 1 Hz or 5 Hz) with (177 /&
the UBX-CFG-RATE command. Antenna amplifier

circuit
* NMEA Sentence Control: Enable or disable specific NMEA ) :
sentences (like turning off the GPGSV sentence) using UBX-CFG- Serlal TTL interface

MSG or similar commands to reduce data load.

* Dynamic Model Setting: Adjust the dynamic model (e.g., for
pedestrian, automotive, or airborne use) via the UBX-CFG-
NAV5 command.

Dr. V. E. Levent Embedded Systems
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e Sensor Development Boards

* Sensors
* RF Transceiver, Dorji DRF1278DM

* Semtech SX1278 IC

* Voltage: 3,4V-5,5V

*  Communication: UART

*  Maximum Power: 20dBm - 100mW

* Receiver Sensivity 300bps: -138dBm

* Data Rate: 1,2Kbps - 9,6Kbps - 57,6Kbps
* Frequency 420MHz - 450MHz

* Rf Wakeup Time: 2sec - 10sec

* Details:

Dr. V. E. Levent
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https://www.semtech.com/products/wireless-rf/lora-connect/sx1278
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e Sensor Development Boards

* Sensors

* RF Transceiver, Dorji DRF1278DM, Block Diagram

SEMTECH

SX1278

Figure 1. Block Diagram

Dr. V. E. Levent Embedded Systems
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Sensor Development Boards
* Sensors

* RF Transceiver, Dorji DRF1278DM, Block Diagram

%7 DRF TOOL---DRF1278DM/1276DM x

RBF_frequency RF_Factor

MHz Chips
TR

NujP":' nprm
Fo el 2l .‘..'.
| SEMTECH

Serial Port Configuration

BaudRate Parity SX1278

e Details:

Dr. V. E. Levent Embedded Systems


https://www.dorji.com/docs/data/DRF1278DM.pdf
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Ardunio IDE

Download and Install

@ Arduino IDE Setup

License Agreement
Please the icense terms bef

Press Page Down to see the rest of the agreement

erms of Ser

By downloading the software from this pay
[The: Arduino softy “asis” and v
warrantes whatsoever res;

spect to its functional
limitation, any imphed warrantie:

& expressly discisim 3
onsequential, nGdental or special damages,
revenues, lost profits, losses resulting from busi

form of action or legal theory under v

e installing Arduing IDE.

ou agree to the specified terms.

we make no express or imphed
ity, operabi

@ Arduino IDE Setup

Choose Installation Options

Who should this application be installed for?

D Anyone who uses this computer (al u
o use, indudng,

®Drly for me (earim)
ess for a parboular
soever for any drect,

out hmitatic

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Arduino IDE.

@ Arduino IDE Setup

Installing
P

sse wait while Arduino IDE is being instal

Dr. V. E. Levent

rent user only.

Arduino IDE has been in:

Chck Finish to dose Setup.

Run Arduino ID

Embedded Systems

alled on your computer.

@

Please select whether you wish to make this software avalable to al users or just yourself

@ Arduino 1DE Setup

Choose Install Location

Choose the folder in which to install Arduino IDE.

Setup will install Arduino IDE in the folk
and select another folder. Ciick Install

Destination Folder

folder. Toinstal

1883

in a different folder, dick Browse
start the installaton.



https://www.arduino.cc/en/software#experimental-software
https://www.arduino.cc/en/software#experimental-software
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sketch_dec07a | Arduino 1.8.3

e Ardunio IDE

File Edit Sketch Tools Help

There are two main tools when uploading a sketch_dec07a
sketch to a board: verify and upload. j" setup()

// put your setup code here, to run once:

* The verify tool simply goes through your
sketch, checks for errors and compiles it.

code here, to run repeatedly:

* The upload tool does the same, but when it
finishes compiling the code, it also uploads it
to the board

2 Arduino/Genuino Uno on COM3

Dr. V. E. Levent Embedded Systems
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sketch_dec07a | Arduino 1.8.3

e Ardunio IDE

File Edit Sketch Tools Help

sketch_dec07a

void setup() ({
A gOOd praCtlce IS tO use the Verifying tOOI // put your setup code here, to run once:

before attempting to upload anything. This is a
quick way of spotting any errors in your code,
so you can fix them before actually uploading ) put code here, to run repeatedly:
the code.

2 Arduino/Genuino Uno on COM3

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

At the very left, there is a

checkmark and an arrow

pointing right. The checkmark is I"\‘E-HII f ! “PLm
used to verify, and the arrow is
used to upload.

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

Click on the verify tool
(checkmark).

SUCCESSFUL COMPILATION

Sketch uses 10784 bytes (AX) of program storapge space. Maximes is 2EIN
Glebal vardables use 1992 bytes (6X) of dymamic memory, leaving 38776 |

Compilation complete.

Dr. V. E. Levent Embedded Systems

n UN;
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e Ardunio IDE

& sketch_feb23a | Arduino IDE 2.0.0-beta 2-nightly. 20210222

Select the board that we are using

v COM44 [Arduino Uno)

Tools > Port > {Board}

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

Click on the upload button, and it will start

uploading the sketch to the board

When it is finished, it will notify you in the

console log.

SUCCESSFUL UPLOAD

Sketeh uses 444 bytes (1X) of prograsm storapgs
Global wvariables use 9 bytes (8K) of dynamic

Compl lation complete.

upload coaplete,

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

Examples under

File -> Examples ->

Sonuncuyu ag
Taslak defteri
Ornekler
Kapat

Kaydet

Farkh Kaydet...

Sayfa Ayarlan
Yazdir

Tercihler

kg

Ctrl+M
Cirl+0

» amoryFree.h filter.h

» T_INTERAL_}

n
i

Chrl +WY
Ctrl+5

Ctrl +5hift+5
Ctrl +Shift+P
Ctrl +P

Ctrl+Comma

Ctrl+0

o e e e T = = = S T

c c[0]
cre[l] =

datal length+l]

datal length]

te (uintla)

[1] = O
wgth-2, da

Dahili Grnekler

01.Basics

03.Analog
M.Communication
05.Cantral
06.5ensors

07.Display

08.5trings

09.UsB

10, Starterkit_Basickit
11.Arduinal 5P
Teensy

Herhangi bir kart icin Grnekler
Adafruit Circuit Playground
Bridge

Esplora

Firrnata

GaM

Robot Contral

Rabot Mator

Spacebrewyun

Stepper

Tembaoao

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

Software structure consist of two main functions

* Setup( ) function

* Loop( ) function

Dr. V. E. Levent

@ sketch_nov29a | Arduine 1.0.6
File Edit Sketch Tools Help

sketch_novZ8a &

void setup ()

volid loop| ()

Embedded Systems

Arduine Uno on COMAG

1883
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e Ardunio IDE

void setup () {

PURPOSE - The setup() function is called when a sketch starts. Use it to initialize
the variables, pin modes, start using libraries, etc. The setup function will only
run once, after each power up or reset of the Arduino board.

Dr. V. E. Levent Embedded Systems
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* Ardunio IDE
void loop () {
)

PURPOSE - After creating a setup() function, which initializes and sets the initial values, the loop()
function does precisely what its name suggests, and loops consecutively, allowing your program to
change and respond. Use it to actively control the Arduino board.

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

Data types

Boolean

Unsigned long

char Unsigned char  byte int

short float

Dr. V. E. Levent

double array

Embedded Systems

Unsigned int

String-char
array

1883
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String-object
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e Ardunio IDE
The pins on the Arduino board can be configured as either inputs or outputs.
pinMode() function can set a pin to input or output

pinMode(3,INPUT) ; // set pin to input without using built in pull up resistor

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

Arduino provides four different time manipulation functions

Function & Description

delay () function

The way the delay() function works is pretty simple. It accepts a single integer (or number) argument. This
number represents the time (measured in milliseconds).

delayMicroseconds () function
The delayMicroseconds() function accepts a single integer (or number) argument. There are a thousand

microseconds in a millisecond, and a million microseconds in a second.

millis () function

This function is used to return the number of milliseconds at the time, the Arduino board begins running the
current program.

micros () function
The micros() function returns the number of microseconds from the time, the Arduino board begins running
the current program. This number overflows i.e. goes back to zero after approximately 70 minutes.

Dr. V. E. Levent Embedded Systems
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* Ardunio IDE
digitalWrite() Function

The digitalWrite() function is used to write a HIGH or a LOW value to a digital pin. If the pin has
been configured as an OUTPUT with pinMode()

its voltage will be set to the corresponding value: 5V (or 3.3V on 3.3V boards) for HIGH, OV (ground)
for LOW.

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

Compilation

Select Board

B sketch_mar3a | Arduino IDE 2.3.2
File Edit Sketch Tools Help

sketch_m

Auto Format

Archive Sketch

Manage Libranes..

Senal Monitor

Senal Plotter

Firmware Updater

Upload 551 Root Certificates

Board: "Arduino Mega or Mega 2560"
Port: *COME"

Get Board Info

Processor: "ATmega2360 (Mega 2560)"

Programmer

Burn Bootloader

Dr. V. E. Levent

Ctrl+T

Ctrl+UstKrktr+|

Ctrl+UstKrktr+M

k Boards Manager...

L = Arduino AVR Boards

Embedded Systems

Ctrl+UstKrktr+B

1883

Arduing Yan

Arduino Uno

Arduine Uno Mini

Arduing Duemilanove or Diecimila
Arduino Mano

Arduine Mega or Mega 2560
Arduino Mega ADK

Arduing Leonardo

Arduing Leonardo ETH

Arduino Micro

a m - -
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e Ardunio IDE

intled=5; // led connected to pin 5

void setup () {
pinMode(led , OUTPUT);

}

void loop () {
digitalWrite(led,HIGH); // turn on led
delay(500); // delay for 500 ms
digitalWrite(led,LOW); // turn off led
delay(500); // delay for 500 ms

Dr. V. E. Levent

88 |ed_blink | Arduino IDE 2.3.2
File Edit 3Sketch Tools Help

Y Arduino MegaorMega2... ~

led_blink.ino

1

led = 5 ; led connected

setup {) {
pinMode(led , QUTPUT);
}
loop () {

digitalWrite{led,HIGH}; al
delay(5e8}; delay for 588 ms

digitalWrite(led,LOMW);

delay(588}; delay for 588 ms

Save the Code

Embedded Systems

1883
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Ardunio IDE

Compile and Export as Hex

8 |ed_blink | Arduino IDE 2.2.2
File Edit Sketch Tools Help

Verify/Compile
Upload

Ctrl+R

Ctrl+U

Configure and Upload

Upload Using Programmer  Ctrl+ Ustkrktr+1)

Export Compiled Binary Alt+Ctrl+5
Optimize for Debugging

Show Sketch Folder Alt+Ctrl+K
Include Library

Add File...

AT ~va f CEY .

Output

Sketch uses 1548 bytes (8%) of program storage space. Maximum is 253852 bytes.

1883

Global variables use 9 bytes (8%) of dynamic memory, leaving 8183 bytes for local variables. Maximum is 8192 bytes.

Dr. V. E. Levent

No Errors

il build
# |ed_blink

build folder will be created

Embedded Systems
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e Ardunio IDE

Compile and Export as Hex

1883

[ ] led_blink.ino.eep 3.03.2025 01:23 EEP Dosyas 1 KB
I led_blink.ino.elf 3.03.2025 01:23 ELF Dosyasi 20 KB
I led_blink.ino.hex 3.03.2025 01:23 HEX Dosyas 3 KB
I led_blink.ino.with_bootloader.bin 3.03.2025 01:23 BIM Dosyas: 256 KB
I led_blink.ino.with_bootloader.hex 3.03.2025 01:23 HEX Dosyas 25 KB

Compiled Hex Code

Dr. V. E. Levent Embedded Systems
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* Practice on Avionchip MCU Platfrom

* Goto

* Login with your Marmara University Account

~ A AvionChip Trainings

*

+

< c 2% avionchip.com/trainings/

o_& A\!IﬁthHlp

You are currently browsing as a
guest. Please log in to view your
enrolled courses.

Explore

All Courses

Dr. V. E. Levent
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https://www.avionchip.com/trainings/

System Design with Sensors | - Baremetal 138>

* Practice on Avionchip MCU Platfrom

* Find MCU LAB (Arduino Mega 2560) Page from left menu

L4 MCU LAB ~

MCU LAB (Arduino
Mega 2560)

Dr. V. E. Levent Embedded Systems
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* Practice on Avionchip MCU Platfrom

* You will see reservation page

* Limitations
* 3 hours per day

UN['

7. J’E[J_ljs.‘?f’v

Reservation for Hardware: MCU (Arduino Mega 2580)

Server Time: 2025-03-03 01:18:10 +03

Device rights: Limit 1 devices, Daily time limit: 3 hours. Active devices: 1.
Mar 3, 2025 Mar 4, 2025 Mar 5, 2025

Date: Mar 3, 2025 — Your used hours: 0/ 3

W W = s i OO X O

Dr. V. E. Levent Embedded Systems
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* Practice on Avionchip MCU Platfrom

* MCU Control Page

Arduino Control Panel

“Your Ongoing Reservation
Rmcarvaiion Sk 2025-03-03 09:15:00
Recerration End: 2025-03-03 013000

Time remaining: 10m 545
‘tha tims axpires, you will be autnmatinally redieched back in e reservalion

Arduino Mega

12C Device(400KHz)

LED1 LED2 LEDA LED4 LEDS LEDE

my

[S04: 02D, SCL: D21)

Switch Status
(X X 1
SW1 W2 EWa - Ewd SPI Device (100KHz)
mE) o= @ o)
Arduino Mega HEX Upload _ /
Stabus: Waitfing fior Upload..

(W05 DY, MISO: D50,
SCK: DE2, 55: 053)

Devica Addr: D22

UART Console (D14-D15)

Dr. V. E. Levent Embedded Systems

n UN;

X
S31158>
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* Practice on Avionchip MCU Platfrom

* MCU Control Page LED Status

* Choose Hex Code and click Upload .

LED1 LEDZ LED3 LED4 LED>
(D2) (D3) (D4) (D3) (De)

Dr. V. E. Levent Embedded Systems

LED6
(D7)
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e Ardunio IDE

* Digital Read
e Digital Write

int led = 5;
int sw=8;

void setup() {
pinMode(led, OUTPUT);
pinMode(sw, INPUT);

}

void loop() {
int swState = digitalRead(sw);

int delayTime = (swState == HIGH) ? 1000 : 500;

digitalWrite(led, HIGH); // LED'i a¢

delay(delayTime); // delayTime kadar bekle

digitalWrite(led, LOW); // LED'i kapat

delay(delayTime); // delayTime kadar bekle
}

Dr. V. E. Levent Embedded Systems
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e Ardunio IDE

UART (Universal Asynchronous Receiver Transmitter)

void setup() {
Serial3.begin(9600);

}

void loop() {
if (Serial3.available() > 0) {

}

}

String input = Serial3.readStringUntil('\n');

input.trim();
if (input.equals("hello")) {

}
}

Serial3.printIin("how are you");
else {
Serial3.printIn("i dont know");

Dr. V. E. Levent

Embedded Systems
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