12E201: Advanced Electronics &
Programming with Arduino

with hands-on fun projects

Some prior knowledge of electronics is required for this class. [2E101, Introduction to Electronics &
Programming is recommended for éth to 8th graders but a mandatory prerequisite for 5th grade students.

Sessions: 8 Classes

Requirement: Laptop for programming
Prerequisite: 12E101 Course

Material Cost: $35 (approximate)

Topics covered:
e Introduction to Oscilloscope, AC / DC, Frequency Modulation, Amplitude

Modulation . Pulse Width Modulation (PWM), Sighal Generator

Arduino Simulation Platform

Design complicated circuits and debug online

More Arduino Programming. Learn using LCD Displays

More Sensors: Temperature, Humidity, Ultrasonic. IR

Introduction to Number Systems: Decimal, Binary, Octal &

Hexadecimal

Programming any IR Remote Control (TV, etc))

e Using 7-Segment Display with CD4511 Decoder Chip

Curriculum & Projects:

e Chapter 1: Arduino Simulation Environment

e Chapter 2: AC vs DC. Pulse Width Modulation
(PWM). Use Oscilloscope
Chapter 3: Introduction to Capacitors & Relays
Chapter 4: Using 16x2 LCD Display with Arduino
Chapter 5: Number Systems: Decimal, Binary, Octal & Hexadecimal
Chapter 6: Create a SONAR using Ultrasonic Sensor
Chapter 7: Using external libraries with Arduino. Organize your code better.
Chapter 8: Working with Micro Servo Motor. Using PWM

Required Additional Material
(if I2E101 not attended, $120)

e Arduino Kit: https://amzn.to/2HfEIck
e Multimeter: https://amzn.to/2glvnép
e P Board: https://amzn.to/239ZnyH
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I2E201 Advanced Electronics &
Programming with Arduino

Course Overview

Revision of 12E101. Learn Arduino Simulation Environment
Introduction to tinkercad circuits. Account creation

Project 1. First Circuit in Tinkercad: Blink

Alternate vs Direct Current. Pulse Width Modulation (PWM)
Project 2: Recreate Dimmer using Arduino PWM

Project 3: Use Oscilloscope to observe Pulse Width Modulation
Introduction to Capacitors & Relays. Recap of Transistors

Project 4: Stored Charge in a Capacitor
Project 5: Create a touch-sensor using a transistor
Project 6: Use a Relay to control external power supply (sim only)

Using 16x2 LCD Display with Arduino

Project 7: Hello World! LCD and Arduino (Tinkercad)
Project 8: Using LCD Display with 12C Communication
Project 9: Using DHTTI Temperature and Humidity Sensor

Number Systems: Decimal, Binary, Octal & Hexadecimal

Project 10: Displaying Temperature and Humidity on LCD
Project 11: Programming a remote control and display on LCD
Project 12: 7-Segment Display with CD45T1 (Tinkercad)

SONAR and Ultrasonic Sensor
Project 13: Create a SONAR with Ultrasonic Sensor

Introduction to Servo Motor

Project 14: Use PWM to control Servo angle

References
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AUTODESK TINKERCAD

Register URL: https://www.tinkercad.com/#/dashboard?type=circuits

Project 1: First circuit in Tinkercad: Blink

Sketch

7KLV SURJUDP EOLQN\V SLQ Rl WKH $UGXLQR WKH EXLOW LQ /('

YRLG VHWKS ~
SLQORGH 287387
6HULDO EHILQ

YRLG ORRS ~
WKUQ WKH / (* RQ +, *+ LV WKH YROWDJH OHYHO
GLILWDO ULVH + K+
GHOD\ DLW | RU PLOOLVHFRQG V
WKUQ WKH / (' RI1 E\ PDNLQI WKH YROWDJH / 2:
GLIJLVDO, ULWH /2
GHOD\ DLW | RU PLOOLVHFRQG V

6HULDO SULQAOQ % , 1.

1) Run Simulation
2) Connect multimeter and run simulation again
3) Make an error in the circuit or the program and run simulation

4) Use Serial Monitor inside the simulation
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https://www.tinkercad.com/#/dashboard?type=circuits

Project 2: Create a Dimmer using Arduino PWM

Read an analog input pin, map the result to a range from 0O to 255, use that
result to set the pulse width modulation (PWM) of an output pin to dim or
brighten an LED

Hardware Required

Arduino Mega Board
10K Potentiometer
Red LED

~220Q0) Resistor

|
wxmm ARDUINO

Sketch

FRQVMQW QDORJ,Q31$Q
FRQVMQWQDORJ2XW3LQ $QDORIXWSXW
3:0 SLOWKDWKH(' LVDWWDF KHG

LOQWHQVRU9DOXH
LOWRXWSXWOIDOXH  YDOXRIXWSXWRWKI3:0
DQDORXW

YRL&HWXS”
6HULDO EHJLQ LQLWLDOVHULDO
FRPPXQLFDWAWQV ESV

YRL®RRS 7
VHQVRU9DOX@®DORJI5HDG DQDORJ,QBHRDW KM QDORDY DO XH
RXWSXW9D®POB VHQVRU9DOXH PDSWRDQDORJRXW JH
DQDORJ:ULWH DQDORBXXWSEXDPIDOXH KD QIMKH QDO RXW D O XH

SULOWKHHVXOWRWKHBHULDIRQLWRU
6HULDO SULQW VHQVRWULDO SULQW VHQVRU9DOXH
6HULDO SULQWX™WH XW 6HULDO SULQWOQ RXWSXWI9DOXH

ZDLW PLOOLVHFREHGRUWKHH[VWORRBRUWKHWQDORJ WR GLJLWDO
FROQOYHUWHRVUHWWDHMWHWKKWDVWHDGLQJ
GHOD\

In the loop() function, sensorValue stores the raw analog value from the
potentiometer. Arduino has an analogRead range from O to 1023, and an
analogWrite range only from O to 255, therefore the data from the
potentiometer needs to be converted to fit into the smaller range before
using it to dim the LED. That's what map() function is doing. Serial.begin()
function is used to pass data serially at the specified bit rate.
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Alternating Current (AC)

Alternating current describes the flow of charge that changes direction
periodically. As a result, the voltage level also reverses along with the
current. AC is used to deliver power to houses, office buildings, etc.

Waveforms

AC can come in a number of forms, as long as the voltage and current are
alternating. If we hook up an oscilloscope to a circuit with AC and plot its
voltage over time, we might see a number of different waveforms. The
most common type of AC is the sine wave. The AC in most homes and
offices have an oscillating voltage that produces a sine wave

Sine Wave

time >

amplitude

Triangle Wave

time =

amplitude

Square Wave

time >

amplitude
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Direct Current (DC)

Direct current is a bit easier to understand than alternating current. Rather
than oscillating back and forth, DC provides a constant voltage or current.
DC is defined as the “unidirectional” flow of current; current only flows in
one direction. Voltage and current can vary over time so long as the
direction of flow does not change.

Applications

Almost all electronics projects run on DC. Everything that runs off of a
battery, plugs in to the wall with an AC adapter, or uses a USB cable for
power relies on DC. Examples of DC electronics include:

Cell phones

The LilyPad-based D&D Dice Gauntlet

Flat-screen TVs (AC goes into the TV, which is converted to DC)
Flashlights

Hybrid and electric vehicles

Waveform

Plot of DC Voltage
1.5V

voltage

time =
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Oscilloscope

Oscilloscope can help you uncover information like frequency, noise, amplitude, or
any other characteristic that might change over time.

An oscilloscope is a type of electronic test instrument that allows observation of
varying signal voltages as a two-dimensional plot of one or more signalsas a
function of time. Other signals (such as sound or vibration) can be converted to
voltages and displayed.

The observed waveform can be analysed for such properties as amplitude,
frequency, rise time, time interval, distortion (noise) and others.

AV KEYSIGHT InfiniVision ~ MSOX 2024A 20MH:  wEsa(Z)oory [ Horeont =l |

Run .
e | ()

LI
{0 e e g Ul_[LH_l =T
LT

L
o L 1T LFL_IU L
1

Probes

An oscilloscope is only good if you can
actually connect it to a signal, and for
that you need probes. Probes are
single-input devices that route a signal
from your circuit to the scope. They
have a sharp tip which probes into a
point on your circuit. The tip can also be
equipped with hooks, tweezers or clips
to make latching onto a circuit easier. Every probe also includes a ground clip,
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which should be secured safely to a commmon ground point on the circuit under
test.

Project 3: Use Oscilloscope to observe Pulse
Width Modulation (PWM)

We will reuse the sketch from Project 2 (Create a Dimmer using Arduino PWM) to
generate a Pulse Width Modulated signal on PIN 9 and use the Oscilloscope to
study the generated waveform.

Pulse Width Modulation
0% Duty Cycle - analogWrite(0)

200V

Sv

—”—”—IUUL Ov
25% Duty Cycle - analogWrite(64)
T

Ov

508 Duty Cycle - analogWrite(127)

Sv

0w

75% Duty Cycle - analogWrite(191)

LU U UL

100% Duty Cycle - analogWrite(255)
Sv ‘ ‘

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. The duration of "on time" is called
the pulse width.

To get varying analog values, you change, or modulate, that pulse width. If you
repeat this on-off pattern fast enough with an LED, the result is as if the signal is a
steady voltage between 0 and 5v controlling the brightness of the LED !!

In the graphic above, the green lines represent a regular time period. This
duration or period is the inverse of the PWM frequency. In other words, with
Arduino's PWM frequency at about 500 Hz, the green lines would measure 2
milliseconds each. A call to analogWrite() is on a scale of O - 255, such that
analogWrite(255) requests a 100% duty cycle (always on), and analogWrite(127) is a
50% duty cycle (on half the time) for example.
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Use the potentiometer (variable resistance) to change the sensorValue and hence
the value we pass to analogWrite (between O and 255). You should be able to see
the pulse width change (on Oscilloscope) as you modulate / rotate the
potentiometer knob!

Capacitor

A capacitor (originally known as a condenser) is a passive
two-terminal electrical component used to store energy
electrostatically in an electric field. The forms of practical
capacitors vary widely, but all contain at least two electrical
conductors (plates) separated by a dielectric (i.e., insulator).
The conductors can be thin films of metal, aluminum foil or
disks, etc.

negative
charge
connection

positive
charge
connection

'— dielectric

L metal plate

L aluminum

The 'nonconducting' dielectric acts to increase the
capacitor's charge capacity. A dielectric can be glass,
ceramic, plastic film, air, paper, mica, etc.

plastic
insulation

Capacitors are widely used as parts of electrical circuits
in many common electrical devices. Unlike a resistor, a //, %
capacitor does not dissipate energy. Instead, a capacitor ~ \

stores energy in the form of an electrostatic field
between its plates.

When there is a potential difference across the conductors (e.g., when a capacitor
is attached across a battery), an electric field develops across the dielectric,
causing positive charge (+Q) to collect on one plate and negative charge (-Q) to
collect on the other plate. If a battery has been attached to a capacitor for a
sufficient amount of time, no current can flow through the capacitor. However, if
an accelerating or alternating voltage is applied across the leads of the capacitor,
a displacement current can flow.

Symbols

+
~ ;E

Fixed Capacitor Polarized Capacitor Variable Capacitor

| |
|
A

The capacitor is often used to introduce a time-delay in a circuit. For example to
blink a light. But it's also useful for removing noise in an audio signal, or make the
power supply of a circuit more stable.
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Unit

Capacitance is defined as the ratio of the electric charge on each conductor to the
potential difference between them. The unit of capacitance is the farad (F),
defined as one coulomb per volt (1 C/V)

pPF = picofarad, mF = millifarad, MF = microfarad

Project 4: Stored charge in a Capacitor

By connecting a capacitor in parallel with a resistor and an LED, the capacitor can
store energy and use the energy after the battery is disconnected. This creates a
“fading out’-effect of the LED.

Hardware Required

Breadboard
Capacitor (1000 uF)
9V (or 12V) Battery
Wires

LED

Switches (2)

Resistor (~330 Ohms)

Circuit

1 _1
O O 0 o
Switch 1 Switch 2

Steps

1. Connect the circuit as per the above diagram. Pay close attention to the
direction of the battery, capacitor and the diode.
2. Press Switch 1. This will charge the capacitor. Release the Switch 1
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3. At this point the capacitor is charged and we can use it to light up the LED
4. Press Switch 2. You will see the LED lights up! The charge is coming from
the capacitor and not the battery.

Transistors (Recap)

The transistor is like an electronic switch (and can also act as

an amplifier). It can turn a current on and off. A very common

one is the “bipolar junction transistor” or “BJT". It has three b
pins named base, collector, and emitter. If you have a small
current flowing from base to emitter, you turn it on. With no
current, it is off. To get current flowing, you need about 0.7V

from base to emitter (for this NPN transistor).

Unlike a normal switch that only has two states (ON or OFF), the transistor can
also be “partly on” by controlling the current that goes through its base. A bit of
current on the base produces a current of maybe 100 times more (depending on
the transistor) through the Collector and Emitter. You can use this effect to build
an amplifier.

Project 5: Create a touch-sensor using a transistor

In this project, the transistor does not let any current flow through the LED and
resistor if there is no current flowing through the base. That means there is no
lightin the LED.

When you touch your finger to the touch-pad (for example two metal pins), your
finger acts as a resistor, and lets a little bit of current flow down through the base
of the transistor. The transistor “opens its gate” and lets about 100 times the

amount of current flow through the LED and resistor, which makes the LED light

up.

LED !
N

o—
Touch here Vil

R1 § o
o ——

Q1

A touch-sensor that turns on a light when you touch it.
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Project 6: Use a Relay to control external power supply

A relay is an electrically operated switch. Many relays use an electromagnet to
mechanically operate a switch. In this simulation only project, you will use an
external power supply to light up a bulb but only when you send a HIGH on pin 12
from the Arduino sketch.

Circuit

35
DIGITAL (PWM-) E B

Sketch

LQW UHOH
YRLG VHWKS  ~
SLQORGH UHOH 287387

YRLG ORRS ~
GLILVWDO ULWH UHCOH  +, *+
GHOD\
GLILWDO ULWH UHOH [ 2:
GHOD\
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Project 7: Hello World! LCD and Arduino (TinkerCad)

. § o

LCD Pin layout 8 o
i 5 -;_-..UEE 8 s

Here's a diagram of the g BES _ s 8
. . E"\g'gg_"_’ E‘..
pins on the LCD I'm using. @%(%g;’&g 5%
i s ..__\_.C ==

The connections from ggu‘;mgt‘ighmmvmbhéé
S>3 ruooQQoQoooomao

each pin to the Arduino
will be the same

Circuit

Follow the diagram below to wire the LCD first on TinkerCad and then on your
Arduino. The Potentiometer is used to adjust the screen contrast. 10K Ohm
Potentiometer is recommended.

DIGITAL (PWM~) E ; A

- OO@MP =

EEE  ARDUINO

Data Pins D7, D6, D5, D4 from LCD go to PINS 3, 4,5, 6 on Arduino

Use the Breadboard +ve and -ve sides. Connect to Arduino 5V and GND
respectively (Red and Black wires in the diagram above)

Connect LCD Backlight Anode (A) to +ve via a 220 Ohm resistor
Connect LCD Backlight Cathode (K) to -ve / Ground

Connect LCD RW to -ve / Ground

Connect LCD Enable PIN (E) to Arduino PIN 11

Connect LCD Register Select (RS) PIN to Arduino PIN 12

Connect LCD Contrast PIN (VO / VE) to Potentiometer middle PIN
Connect VCC to +ve, Connect GND to Ground / -ve
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Sketch

LQFOXGH /LTXLG&W VDO K!
[ LTXLG&W VWDO OFG

YRLG VHWKS  ~
OFG EHILQ

YRLG ORRS #
&OHDU WKH VFUHHQ
OFG FOHDU

3RVLW.RQ FXUVRU LQ FROXPQ
OFG VHW&XUVRU

6HQG WKH VH[ W LQ TXRWDW.RQ PDUNV WR VKH / &

OFG SULQW KHOOR ZRUOG
GHOD\

VFUROCO WH W
VFUROO

6FUROCO 7H W
YRLG VFUROO ~
6FUROCO 5LJKW
IRU LQWL L L

N

OFG VFUROO LVSOD\ 5LIKW
GHOD\

oLQH
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UART, I2C, vs SPI Communication

UART, 12C, and SPI. These three serial data transmission formats are available on
Arduino, though different iterations of Arduino have a varied amount of 12C and SPI
pins.

SPI supports higher speed full-duplex communication while 12C is slower. ... 12C is
cheaper to implement than the SPI communication protocol. SPI only supports one
master device on the bus while I12C supports multiple master devices. 12C is less
susceptible to noise than SPI

(12C)SCL
(12C)SDA
(SPI)SCK
(SPIHMISO
(SPI)MOSI
(SPI)SS

P~ W N o oo
3 3 3 1

' S

" DIGITAL (PWM ~)

CTOOwo..

‘Rxmmm ARDUINO

ENENREEE

. O Eam D e Es S B B e EEm Eem

ANALOG IN

™~ ™M o L
494 ==

(12C)SDA
(12C)SCL

8%$5 7standsfor SQLYHBVD@FKURGREKM S WLQRE D Q V P L \andLisaQ
simple communication protocol that allows the Arduino to communicate with serial
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devices. The UART system communicates with digital pin 0 (RX), digital pin 1 (TX),
and with another computer via the USB port.

This peripheral, found on all Arduino boards, allows the Arduino to directly
communicate with a computer thanks to the fact that the Arduino has an onboard
USB-to-Serial converter. Therefore, programs written on a Windows, Mac, or Linux
OS can be used with an Arduino connected to a USB port as if it was a serial port
(serial port communication is trivial compared to USB communication).

, &whichstandsfor LQWHU LQWHJUiDa\setrial dermtdumnixdtivvns protocol
specially designed for microcontrollers.

While this peripheral is almost never used for PC-device communication, it is
incredibly popular with modules and sensors, making it useful for projects that
require many parts working together. In fact, 12C allows you to potentially connect up
to 128 devices to your main board!

When connecting two circuits to one another, think of the main device as the
“‘master” and the connected devices—such as sensors, pin expansions, and
drivers—as “slaves”. 12C makes it possible to connect multiple masters and slaves to
your board while maintaining a clear communication pathway.

Maintaining a clear communication pathway is possible because [2C uses an
address system and a shared bus, meaning many devices can be connected to the
exact same wires. However, the Arduino must first select a specific device by
transmitting a unique address before sending data. This provides each slave device
with what it needs while also supporting multiple masters. 12C uses fewer wires and
all data is transmitted on a single wire, keeping your pin count low. The tradeoff for
this simplified wiring is V O R Z\HS.H Htkaw SPI.

6 3 stands for 6 H U 3@ L S K,HQWDHOULLikeH2C, SPI is a different form of
serial-communications protocol specially designed for microcontrollers to talk to each
other. However, it has some key differences from its 12C counterpart.

The most notable difference right off the bat is that, while you can use multiples
masters and slaves with 12C, SPI allows a single master device with a maximum of
four slave devices. SPI is typically much faster than 12C due to the simple protocol
and, while data/clock lines are shared between devices, each device requires a
unique address wire. SPI is commonly found in places where speed is important
such as with SD cards and display modules, or when information updates and
changes quickly, like with temperature sensors.
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Project 8: Using LCD Display with 12C Communication

, &B6FDOOHU:  * HVINH $ GGLHW
LQFOXGH :LUH K!
YRLG VHWKS  ~
- LUH EHILQ
6HULDO EHILQ
6HULDO SULQAOQ ?Q & 6FDQQHU

YRLG ORRS
E\WH HUURU DGGUHW LQW Q HYLFHV
6HULDO SULQAOQ 6FDQQLQI
Q HYLFHV
| RU DGGUHW DGGUHWV DGGUHWV A
: LUH EHJLQ7UDQVPLWLRQ DGGUHW
HUURU  : LUH HQG7UDQVPLWLRQ

LI HUURU A
6HULDO SULQW , & GHYLFH | RXQG DW DGGUHW [
LI DGGUHW
6HULDO SULQW 6HULDO SULQWOQ DGGUHW +(;
Q HYLFHV
HOVH LI HUURU A
6HULDO SULQW SQNQRZQ HUURU DW DGGUHW |
LI DGGUHW
6HULDO SULQW 6HULDO SULQWOQ DGGUHW +( ;
LI Q HYLFHV A
BHULDO SULQAOQ 1R , & GHYLFHV | RXQ&?Q
HOVH 7

6HULDO SULQWOQ GRQH?Q

GHOD\

+HOOR ZRUOG DJDLQ
LQFOXGH / LTXLG&W WDOB, & K!
/ LTXLG&U\ WADOB, & OFG |
YRLG VHWKS  ~
OFG LQLW  OFG EDFNOLJKW
OFG VHW&XUVRU
OFG SULQW , ( &ODWW
OFG VHW&XUVRU
OFG SULQW LV DZHVRPH

YRLG ORRS  ~ °
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Project 9: Using Temperature & Humidity Sensor

The DHT11 detects water vapor by measuring the
electrical resistance between two electrodes. The
humidity sensing component is a moisture holding
substrate with electrodes applied to the surface. When
water vapor is absorbed by the substrate, ions are
released by the substrate which increases the
conductivity between the electrodes. The change in
resistance between the two electrodes is proportional to
the relative humidity. Higher relative humidity decreases
the resistance between the electrodes, while lower
relative humidity increases the resistance between the
electrodes.

The DHT11 measures temperature with a surface
mounted NTC temperature sensor (thermistor) built into

the unit.

The DHT11 uses just one signal wire to transmit data to

10K Ohm Pull Up Resistor

—
©
<]
o

-

0

Vece (+)
Ground (-)

the Arduino. Power comes from separate 5V and ground wires. A T0K Ohm pull-up
resistor is needed between the signal line and 5V line to make sure the signal level
stays high by default (This resistor is already installed on the DHT11 module with 3

Pins)

Install DH Library

Before you can use the DHT11 on the Arduino, you'll need to install the DHTLIib
library. It has all the functions needed to get the humidity and temperature

readings from the sensor.

Download the zip file from here:

http://www.circuitbasics.com/wp-content/uploads/2015/10/DHTLib.zip

It's easy to install, just download the DHTLib.zip file above link and open up the
Arduino IDE. Then go to Sketch=>Include Library>Add .ZIP Library and select the

DHTLib.zip file.
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http://www.circuitbasics.com/wp-content/uploads/2015/10/DHTLib.zip

Circuit

(note: TinkerCad does not have DHTIT Component)

GITAL (Pum= =~ ¢ & fa~4

- % ":L_!..'.N_.\_f

Rx B Arduino

e & & & 0
e & & & o
e & & & 0
e & & & 0
e e o o o

e« @ o 0 0
e & & & o
e« e 0 & 0
e & & 0 0
. e o o o

Sketch

LQFOXGH GKW K!
KW' +7

GHLQH'+7 B3, 1

YRLG VHWKS  ~
6HULDO EHILQ

YRLG ORRS

VAN
LOWFKN '+7 UHDG '+7 B3, 1
6HULDO SULQW  7HPSHUDWKUH
6HULDO SULQADQ ' +7 WHPSHUDWKUH
6HULDO SULQN +XPLGLW
6HULDO SULQADQ ' +7 KXPLGLW
GHOD\

Open the Serial Monitor from Tools => Serial Monitor. Make sure it's set to 9600
bps to match what's specified in the sketch. You should see the humidity and
temperature readings displayed at one second intervals.

You can add this to existing programs and use ' +7 KXPLGLW and
' +7 WHPSHUDWKUHas variables in any function
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Project 10: Displaying Temperature & Humidity on

LCD

In this project, we will add DHT11 temperature and humidity sensor to the

previous project to display temperature and humidity values on the LCD display
(Use LCD with 12C instead of diagram below - modify the sketch accordingly)

Sketch

LQFOXGH GKW K!

LQFOXGH / LTXLG&W VDO K!
/ LTXLG&U\ VWDO OFG
CKW ' +7

GHILQH ' +7 B3, 1

YRLG VHWKS A
OFG EHILQ

YRLG ORRS ~
LQNFKN '+7 UHDG '+7 B3, 1
OFG VHW&XUVRU
OFG SULQW 7HPS
OFG SULQW ' +7 WHPSHUDWKUH
OFG SULQW FKDU
OFG SULQW &
OFG VHW&XUVRU
OFG SULQW +XPLGLW
OFG SULQW ' +7 KXPLGLW
OFG SULQW GHOD\
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Number Systems: Decimal, Binary, Octal &
Hexadecimal

A “base” or a “radix” is the number of different digits or combination of digits and
letters that a system of counting uses to represent numbers

Base 10 (Decimal)—Represent any number using 10 digits [0-9]
Base 2 (Binary)—Represent any number using 2 digits [0-1]

Base 8 (Octal)—Represent any number using 8 digits [0-7]

Base 16(Hexadecimal)—Represent any number using 10 digits and 6
characters [0-9, A, B, C, D, E, F]

Decimal: [0-9]: This decimal number system is

based on ten digits and each position is worth 7 O 5 2 6

ten times more than the previous position

j ! z ] N T Binary: [0-1]: This binary number system is

\ ., based on two digits and each position is worth
. two times more than the previous position

Examples

Decimal Binary Octal Hex

%

BlHex 65 = 16'x6 + 16°x5 = 96 + 5 =101 in decimal
BlOOctal 143 = 821 + 8'x4 + 8°%x3 = 64 + 32 + 3 =99 in decimal
BUBinary 1100100 = 2°x1 + 2°x1 + 24x0 + 2°x0 + 2°X1 + 2'x0 + 2°x0 = 64+32+4=100 in decimal
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Project 11: Programming a Remote Control

In this project, we will use the IR sensor to read the button pressed on the remote
control and display it on the LCD (Use LCD with 12C instead of diagram below)

Circuit

Install Library

IRremote by shirriff
Send and receive infrared signals with multiple protocols Send and receive infrared signals with multiple protocols
More info

Version 2.2.3 B Install

Sketch

LQFOXGH , SUHPRVWH KI

LQFOXCGH /LTXLGW WDOB, & K
[ LTXLG&W WADOB, & OFG [

, SUHFY LUUHFY

GHFRGHBUHVXOW  UHVXON/

XQVLIQHG ORQJ NH\ BYDOXH

YRLG VHWKS  ~
6HULDO EHILQ
OFG LQLW
OFG EDFNOLJKW
LUUHFY HQDECH, 5, Q
LUUHFY EOLQN  WUXH
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DWADFK, QNHUUXSW UHVHWBFUHHQ 5, 6, 1*

YRLG CRRS

LI

LUUHFY GHFRGH UHVXOW ~

LI UHVXOA/ YDOXH ))))))))
UHVXOA YDOXH  NH BYDOXH

6HULDO SULQW . H 3UHWHG

6HULDO SULQADQ UHVXOA YDOXH

VZLWFK UHVXOAV YDOXH A
FOVH [)" ))
OFG SULQW 3RZHU
OFG VHWXUVRU
EUHDN
FDVH [)' )
OFG SULQW 9RO
OFG VHWXUVRU
EUHDN
FDVH [)' %
OFG SULQW )81& 6723
OFG VHWXUVRU

EUHDN
FDVH [)' ')
OFG SULQW _

OFG VHWXUVRU
EUHDN

FDVH [)'$ )
OFG SULQW |
OFG VHWXUVRU
EUHDN

FDVH [)' )
OFG SULQW !!_
OFG VHWXUVRU
EUHDN

FOVH [)" ()

OFG SULQW ' RZQ $UURZ
OFG VHWXUVRU

EUHDN

FDVH [)' )

OFG SULQW 9RO

OFG VHWXUVRU

EUHDN

FDVH [)' $)

OFG SULQW 8S $UURZ
OFG VHWXUVRU

EUHDN

FDVH [)' &

OFG SULQW

OFG VHWXUVRU
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NH\ BYDOXH
LUUHFY UHVXPH

EUHDN
FDVH [)'% )
OFG SULQW (4
OFG VHV&XUVRU
EUHDN

FDVH [)' )
OFG SULQW 67
OFG VHV&XUVRU
EUHDN

FDVH [)' )
OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)'

OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)' %
OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)'
OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)'$
OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)'

OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)' (
OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)'

OFG SULQW
OFG VHV&XUVRU
EUHDN

FDVH [)' $
OFG SULQW
OFG VHV&XUVRU
EUHDN

5(37

UHVXOA YDOXH
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//Reset the screen on interrupt from the button press
YRLG UHVHWFUHHQ  ~

OFG SULQW

OFG VHVWXUWVRU

Project 12: Using 7-Segment Display with CD4511 Chip
(Tinkercad)

In this project, use CD4511 Chip to display numbers on a 7-Segment LED Display

instead of lighting up individual LEDs

CD4511 Chip: PIN Layout

Circuit

+DUGZDUH

o SUGKLQR 812 O(*$
& ' HFRGHU

°
o &DVKRGH
°

6HI PHOW

z SHILWHW

input B (2) E o U E+310+15V
input C (4) [2] 15] output f
display test [ 3 14] output @
blank input E 4511 E output a
store | & S E output b
input D (8) E E output c
input A (1) E Euummd
ov |8 9 | outpute
4 )
e 2
r \
)
7 ™

bl W W W W W W W N
CD&5M

ArEEPSIEFITSIETELTY T | T S 1| (SRS

STHHTTHE

1 -

R

———
RARANRAKERAER

“ e e s 0 s e
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Sketch

//Binary to decimal on 7-segment display
FRQVW LQW OLPLWH

//Change to any other binary number
LONVELQ> @~ .

YRLG VHWKS  ~

| RU LQW | [ [ A
SLQORGH [ 287387

YRLG ORRS ~
// Turn pin 6 (input D), 2 (input C), 1 (input B), & 7 (input A?)
| RU LQW [ [ OLPLWH [ A

LI EL[@ A
GLILWDO ULWH [+, *+

Copyright © 2024 IGNITE Pathways

Page 25



Project 13: Create a SONAR with Ultrasonic Sensor

SONAR is Sound Navigation and Ranging. It's a technique that uses sound

propagation to navigate, communicate with or detect objects on (or under) the
water surface, such as other vessels.

Circuit

WWW. F‘ARAL LAXCOM

PIN G)))

(N ]
ACT a

. | 22292002000 RRRe
. e

mmmmmmmmmmm

— @ & & 8 8 @ & e 80
=

'lll
Dh e & @ e s o

22 ~”ANA

e & o & & 30

fghi]j

e o & & @
abcde

Ty sedlfsees- | ) Ry gyl
\.
R A
J
Hardware
Name Quantity Component
D1 1[(Red LED
D2 1|Green LED
U1 1] Arduino Uno R3 or Arduino MEGA
PING1 1| Ultrasonic Distance Sensor
PIEZO1 1| Piezo / Buzzer
D3, D4 2| Diode
R2 1|100 ohm Resistor
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Sketch

GHI LQH 127(B&
GHI LQH 127(B$

ORQ UHDGSOMJDVRQLF' LVWADQFH LQW SLQ  #
SLQORGH SLQ 287387 // Clear the trigger
GILWDO ULWH SLQ / 2:

GHOD\ OLFURVHFRQGV

// Sets the pin on HIGH state for 10 microseconds
GLILVWDO ULWH SLQ  +, *+

GHOD\ OLFURVHFRQGV

GLILWDO ULVWH SLQ [/ 2:

SLQORGH SLQ , 1387

// Reads the pin, and returns the sound wave travel time in microseconds

UHWKUQ SXOVH, Q SLQ +, *+

YRLG VHWKS 7
SLQORGH $  , 1387
6HULDO EHILQ
SLQORCGH 287387
SLCORCH 287387

YRLG ORRS #

6HULDO SULQAQ UHDGB ONUDVRQLF' LVWWDQFH $
LI UHDSOMDVRQLF' LWADQFH $ n
GALJILVWDO ULWH +, *+
GLILVWDO ULWH /2:
EHHS 127(B$
HOVH ~
GALJILVWDO ULWH +, *+
GLILVWDO ULWH /2:
EHHS 127(B&
GHOD\ // Delay a little bit to improve simulation performance

YRLG EHHS LQVSLQ LQVCQRWH #

// to calculate note duration, take one second divided by the note type.

// e.9. quarter note =1000 / 4, eighth note =1000/8, etc.
LQN QRAH XUDW.RQ
WRCH SLQO QRWH  QRWH XUDWL.RQ
// to distinguish the notes, set a minimum time between them.
// the note's duration + 30% seems to work well:
LQW SDXVHAMZHHQLRWAY ~ QRWH XUDWLRQ
GHOD\  SDXVHAMWMZHHQL RWHV
// stop the tone playing:
QR7TRCH SLQ
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Servo Motor

A Servo is a small device that has an output

shaft. This shaft can be positioned to specific |
angular positions [-90° : 0° : +90°] or [0°: 90° : el ‘m'n"'
180°] by sending the servo a coded signal. As Y "

long as the coded signal exists on the input

line, the servo will maintain the angular \ /
position of the shaft. As the coded signal

changes, the angular position of the shaft

changes.

The output shaft of the servo is capable of travelling somewhere around 180
degrees. Usually, it's somewhere in the 210 degree range, but it varies by
manufacturer. A normal servo is used to control an angular motion of between O
and 180 degrees.

e

The control wire is used to communicate the angle. The angle is determined by
the duration of a pulse that is applied to the control wire. This is called Pulse
Width Modulation (PWM). The servo expects to see a pulse every 20 milliseconds
(.02 seconds). The length of the pulse determines how far the motor turns.

Example: A 1.5 millisecond pulse will make the motor turn to 90 degree position
(often called the neutral position). If the pulse is shorter than 1.5 ms, then the
motor will turn the shaft to closer to O degrees. If the pulse is longer than 1.5ms,
the shaft turns closer to 180 degrees.

2 1.50 ms: Neutral
2 4 3 3

1

g 1.25 ms: O degrees
-

1.75 ms: 180 degrees

SW 000
WSZ°T
2UA5°T
USL T
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Project 14: Use PWM to control Servo angle

Circuit

AMALOG IN

o 2 u@

Sketch
LQFOXGH 6HUYR K!

LQW VHQVRUBYDOXH
LQW DQIOH

6HUYR 6(592

YRLG VHWKS 7
6(592 DWADFK

YRLG ORRS
VHQVRUBYDOXH  DQDORJ5SHDG
DQIOH  PDS VHQVRUBYDOXH
6(592 ZULWH DQIOH
GHOD\
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