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IP Education launches the first version of (Arduino 101) book as the beginning level of
the integrated series (Arduino Engineer). Students are going to be firmly and deeply
equipped with an extensive batch of the basic knowledge of the (Arduino) platform
within an engineering framework, they are ensured to be able to design and program
simple and average-complexity Arduino-based circuits and systems through learning
how to draw and read schematic diagrams of circuits before being designed, doing (
simple) math which is required to determine and choose the proper components and
sensors and realizing the key specifications of them, and learning the basics of text
Coding to use the (Arduino IDE) and for programming issues. All mentioned, are being
assimilated and recognized by students within a simplified hands-on, project-based,
real-life implementations methodology and in the context of a strategy that narrows
the gap between the theoretical knowledge and the practical application. This book
mainly contains the below themes (not limited to):

MIntroduction to microprocessors, microcontrollers, and electronic boards
mIntroduction to the basics of text coding

mA general picture of the Arduino platform

mArduino UNO as an electronic board

WElectrical signals (Digital and Analog)

MThe Pulse Width Modulation technique

BWSimple essential projects and experiments

mStepped up average-complexity projects and experiments

This book is a part of a methodical and systematic series that aims to elevate and level
up students from being beginners to be professionals when it comes to Arduino-based
electronic design. Be acquainted that this book targets school students, university
students, interested people who are 15 years old and above, it's technically designed to
be comprehensive and facilitated at the same time, on which this book best fits
non-specialists and it also so useful and has a lot of benefits for specialists who are
interested in Arduino.

e 0 000 )




Chapter 3 Junior Arduino Engineer

|

3.1 Basics of Arduino-based programming and CIrCUILIY ...,
B Exp. 1: Digital output-signals ..., 36
B Exp. 2: Aralog Omtput-8IRNElS musmmsmmmsmensmmessmesmmmmmmmmn 47
B Exp.3: Digital INplut=sighals wvwaesmmmmmmammmmmsmssmnmmsmassmsemms 54
B Exp. 4: Analog input-SIgNaAlS ... 61
B Eip. 5: Serid] COMPURICEIIEN i oo 68

3.2 Peripherals and Appliantes | .uommmmmmnomismssummsmiomsanmismssormss
B Exp. 6: Detecting MOtion ... 76
B Exp. /: Termiperature under eantrel . emwmsssmeasmmmsmensmmss 81
W Exp..8: Arduing and hea l0ads «esmmammssmssmmmnmsmsamememsm 86

3.2 Peripherals and ApplianCes Il ... sssenses
W EXp. 9: ERtEr thiS PaiSEVIITT mummmssmessosssssssssmonss s s s o 92
B Exp. 10: Show it up 0N @n LED ..o 103

— Table of content

Chapter 1 Introduction

1.1 Preface t0 HardWare S s eseseesisessesesssseeseseesessesessesessssessssessesessssesssssesssnes 1
Y Tl go] o] g Tal=1=3={o] 4T TSP 1
[ LY/l o Ta(o ]} ]| 1= 3
W Systerm on Chip (S00) swsmussummmmunmmmmmssessmmmmsssmmms 9
M Electronic development BOards ... 10

1.2 Preface t0 SOfEWAIE S ..o ceees s seseesessessesessssaesessessessessessssassessesssssssssssessesses 12
Sz Rt g ) O RSO . 12
M BSESICS OF PO AT cxwrssssunsissessssoss s sosossmsssssesssssssswessosy s sssony s vomssamsasss 14

‘Chapter 2 Arduino platform

o A I o s T s o2 Y] 2 i OOV — 21
B Arduing NArdWarE=Sid@ ....uvieeieeiieseisrissesesesesessesessessssesessenessesessensssensssenss 21
B Arduino SOftWAre-Side .. s 22

2.2 ArdUINO UND oottt st s e s st stes s ssessessssassesseessssessessesrssessesnssnessesssssssessessesnes 26




(- .1 Basics of Arduino-based programming and circuitr ~

g\,’Worthv introduction of being read: inthis section, you are going to be
introduced to basics of Arduino-based programming and circuitry, by learning how to:

1. Generate Digital/Analog output-signals to power on/off loads that may be connected
to an Arduino UNO board.

2. Receive Digital / Analog input-signals from an external source (a circuit or a
component) that may be connected to an Arduino UNO board. And how to process the
received data to take action.

3.Carry outa serial communication betweena computerand an Arduino board to
exchange data.

That's will be done by designing and programing real circuits that are based on
employing the foregoing concepts.

Description:

In this workshop, you will design simple LED-circuits and program them so that, a
LED/LEDs will be powered on/off depending on a digital output signal/signals that
comes from the Arduino UNO board. This experiment is broken into three parts:

- In the first part, a LED should be powered-on for 2 seconds, then powered-off for
another 2 seconds.

- In the second part, two LEDs should be powered-on for 2 seconds, then powered-off
for another 2 seconds, one by one.

- In the third part, a one-digit common-anode 7-SEG will be used to design a digital
seconds-counter that counts from 1 to 3 repeatedly.

. Light Emitting Diode (LED):

This semiconductor is a light source, which emits lights when activated, that happens
when appropriate voltage (known as forward voltage) is applied to the LED terminals.

When voltage is applied forwardly, that means the positive terminal of a source is
connected to the anode leg of a diode and the negative terminal to the cathode leg,
when that, the LED will bright. If this connection is inverted, a reverse voltage is applied,
and the LED will be off. The Forward voltage as well the forward Current of a LED varies
according to the color of a LED (a 633nm Red LED will be used in this experiment).
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(- .1 Basics of Arduino-based programming and circuitn

Technical details & Specifications of (a 633nm Red LED ):

- Superior weather resistance.

- Forward Voltage (VF): 1.7V (Max. 2V). g {>| iy

- Forward Current (IF): 5mA (Max. 20mA).

- Maximum Reverse Voltage: 5V. e -
- Luminous Intensity: 20mcd. Figure 3.1.1 :LED - schematic

‘ 7-Segments (7-SEG):

it's nothing but a group of LED-segments that connected
parallelly, by turning some on and others off, you can
display a certain number from (1 to 9).

a (One-digit 7-SEG) is used to show one-digit number, a
(Two-digits 7-SEG) is used to show two-digits number
and so on.7-Segments are classified according to
the internal-connection to:

e d comc pp

1. Common-cathode 7-SEGs

2. Common-anode 7-SEGs Figure 3.1.2

One-digit 7-SEG display

1. Common-cathode 7-SEQG, it's characterized with:

- All the cathodes-terminals of the LEDs are connected with each other and treated as
one terminal that has two ports (COM1 and COM2).

- Each LED’s anode-terminal is treated as a standalone terminal.

- To show a number, connect a COM terminal to the GND pin, then any LED you want
to light, all you have to do is connecting that LED’s anode-terminal to an 1/0 pin and
give it a HIGH signal.

AAAAAF

B b c d e f c DP (decimal point)

CcoM2 coMm1

Figure 3.1.3 :common-cathode 7-SEG - schematic
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(- .1 Basics of Arduino-based programming and circuitn

2. Common-anode 7-SEG, it's characterized with:

- All the anodes-terminals of the LEDs are connected with each other and treated as
one terminal that has two ports (COM1 and COM2).

- Each LED’s cathode-terminal is treated as a standalone terminal.
- To show a number, connect a COM terminal to the 5V pin, then any LED you want to

light, all you have to do is connecting that LED’s anode-terminal to an I/0 pin and give
ita LOW signal.

N o o

a b c d e f [ DP (decimal point)

com2 comMmi

Figure 3.1.4: common-anode 7-SEG - schematic

Note:
In this experiment, you are going to use 5611BH 7-SEG which is one-digit common-
anode.

The Required Components:
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The First Part

-= The Breadboard Diagram
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- The Schematic Diagram
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r- .1 Basics of Arduino-based programming and circuitr
The Code

Digital output-signals

, .|nt LED = 8; -'}—A—By writing this line, there will be a global int
"""""""""""""""" - variable with the value of 8, and pin #8 - on
void setup() the Arduino board- is marked and labeled
R with the name (LED).
ipinMode(LED,OUTPUT);  +——1 By calling this function, you tell the Arduino
} board that a certain pin will be used as an

input or an output pin. In this code, pin #8
which is labeled as (LED) will be used as an
void loop() OUTPUT pin.

i digitalWrite(LED,HIGH); 1By calling this function, you order your Arduino

board to generate aHIGH or a LOW digital
signal and send it through a certain output pin.
In this code, a HIGH digital signal will be sent
through pin #8 that is labeled as (LED).

i delay(2000); By calling this function, you order your Arduino
board to delay the executing of any line-of code
after, as per how many milliseconds are written
_____________________________ between the parentheses.

| digitalWrite(LED,LOW); — +——1—By calling this function, you order your Arduino

delav(2000) board to generatea LOW digital signal and

f ,_/_/ /' send it through pin #8.

s | & An Engineer’s Calculations

In general, the LEDs we use, are mainly made of diodes, those LEDs have various
colors, each color has its own wavelength which determines its specifications such
as (forward current, forward voltage, reverse voltage, ...etc.). Let's take a Red LED
which is 633nm wavelength into account, the LED has:

- VF= 1.7V (Max-VF= 2V),
- IF= 5mA (Max-IF= 20mA)
- Max-VR= 5V
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