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Some Questions to Consider

Hardware and Software
— Balance between Circuit Building and Program Coding

Choice of microcontroller
— Arduino or BBC micro:bit

Development tool:
— Arduino IDE / Python Editor or Visual Programming

Duration of each lesson (single / double period)
Task-based or Project-based
etc.



Arduino UNO

Digital Ground
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gital 1/0 Pins (2-13)
|

5

USB Plug —

External Power Supply

Reset Pin
3.3 Volt Power Pin

5 VoIt Power Pin

Voltage In
Ground Pins

Serial Out (TX)
Serial In (RX)

Reset Button
In-Circuit
Serial Programmer

ATmega328
Microcontroller

Analog In
Pins (0-5)



BBC micro:bit

Micro USB
MSC, UART, CMSIS-DAP
Drag-and-drop programming

5x5 LED Matrix User buttons

Digital/analog 10

Muxable to SPI, UART, 12C External supply

Pads for crocodile clips Regulated 3.3V in or battery out

Holes for banana plugs
Pre Edge Connector
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Learning Components

* Basic knowledge
* Guided tasks

* Self-exploration project

— Students can apply the skills they learnt in the
guided tasks to complete simple project



Sample Projects

1. A light show with LEDs and Buzzer

. A simple interactive game using push-
buttons, LEDs and buzzer.

. A light-control music box

4. A smart fan



Project 1

A Light Show with LEDs and Buzzer



Project Requirements

* Designing a light show by using a single-board
microcontroller, LEDs and buzzer.




Knowledge and Skills

* Construct simple circuits by using single-board
microcontroller, breadboard, LEDs, buzzers,
resistors, etc.

* Create simple programs by using visual
programming IDE
— definite loop
— indefinite loop
— infinite loop
— selection statements
— etc.



USB Port

External Power Supply

Basic Knowledge

e Whatis Arduino?

Ground Pin

Digital I/0O Pins DO to D13

5V Power Pin Analog Input Pins AO tg A5




Basic Knowledge
 Breadboard (different types)
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Basic Knowledge

* Breadboard (different types)
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Basic Skills

e Construction of Circuit (Circuit Diagram)
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Basic Skills

e Construction of Circuit (Photos)

35




Knowledge and Skills

* Program Coding

£2 mBlock - Based On Scratch From the MIT Media Labiv3.4.17) - Disconnected - Mot saved

File Edit Connect Boards Esténsions Language Help

W, Untitied g e : e

1Ty 79
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Stage
1 backdrop
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Knowledge and Skills

* Using mBlock 3 (Basic Settings)

Boards Extensions Language Help

Arcduinc
v  Arduino Uno l
Arduino Leonardo

Connect Boards Extensions Language Help
Arduino Nano ( mega328)

Serial Port > COMS5
Arduino Mega 1280 | Bluetooth > |
Arduino Mega 2560 2.4G Serial >
Network >
grade Firmware
Reset Default Proara
Set FirmWare Mode

View Source

Install Arduino Driver



Knowledge and Skills

 Scratch mode

Edit Connect Boards
Undelete

Hide stage layout
Small stage layout
Turbo mode

Arduino mode

Extensic

when clicked

forever

set digital pin @) output as
P.

wait € sccs

set digital pin@ output as
3
wait € secs

-
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Knowledge and Skills

* Arduino mode
Edit Connect Boards Extensi
Undelete

v Hide stage layout
Small stage layout Arduino Program
Turbo mode forever
. Arduino mode set digital pin @) output as
B ﬁ.rait € secs
et digital pin @) output as

ﬁ.rait € secs




Guided Tasks

* Blinking 1 LED
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Guided Tasks

* Controlling three LEDs
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Guided Tasks

* Controlling three LEDs

— Other choices
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Guided Tasks

e Traffic Light Simulation

I 2 seconds l 6 seconds l u
| 4 seconds l 2 seconds I

Yellow

Green



Guided Tasks

clicked

forever

-set digital pin

[ 3

set digital pin

[ 3
set digital pin
[wai’t @ secs

set digital pin &) output

[wait € secs
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Guided Tasks

when clicked

forever

o
n

set digital pin @& output

[ 3

set digital pin &) output

3

set digital pin €Y output
Fu;it @ secs
set digital pin &) output

F&ra—it e s5ecs

set digital pin &) output
| 3

LOW™

LOW™

o
n

LOW™

set digital pin &) output LOW™

[ 2

set digital pin €Y output
Fw?n O

set digital pin &) output

[ 2

set digital pin €Y output

"wait @ secs

o
i

o
n

I I I I
0 0 0 0
E =z I E E T E E T
L 1 L L

LOW™
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Guided Tasks

* Controlling a series of LEDs
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Guided Tasks

* Controlling a series of LEDs

— Other choices
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Guided Tasks

* Turning ON the LEDs One by One
* Programming Skills

— Using definite loops to simplify some repeated
patterns.

— Using user-defined blocks (subprograms) to
make the program more modular.

— Using variable to adjust the waiting time.

28



clicked

set digital pin @ output as
set digital pin §) output as
set digital pin @ output as turnOnLeds

BB waittme - [e] 02|

turnOfflLeds

define turnOffLeds
set digital pin @) output as

4 Di g t
set digital pin §f¥ output as e oH

set digital pin @ output as (M

‘change by €9
|3

N . set digital pin [ pinNo output as -
set digital pin @ output as (CHclaM - 9 pin e P

set digital pin @ output as (ClcEN
define turnOnLeds

set digital pin @) output as P b
change [ERA v ©

set digital pin { pinNo output as Qe

set digital pin @) output as (M

wait ¥ secs

Euau waitTime



Guided Tasks

* Be careful when using Arduino mode
— Inspect the program code if necessary
— Are the output pins set properly at the start?

LY.

33 void setup/() i

34 waltTime = 0.2;

35 turnOffLeds () ;

36 turnCnLeds () ;

37 pinMode (pinlNo, OUTPUT) ;
38 }

35
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Arduino Program

2 waiTime ~ |23 0.2

turnOffLeds
turnOnlLeds

define turnOnlLeds

set: [T to

change by €9

set digital pin ( pinNe output as

g S
wait waitTime secs

set ROLLIR O

define turnOffLeds

"change by €
¥

set digital pin ( pinNe output as

Arduino Program

8 waitTime ¥ tn
turnOffLeds

define turnOffLeds

set digital pin 9 output a
forever set digital pin ) output a
fturnOnLeds set digital pin @ output as (I
: set digital pin @ output as (@

set digital pin @ output as (I

set digital pin @) output as (Tl

define [ turnonLeds set digital pin @) output as
set digital pin @) output as
SEE £ set digital pin @9 output as

"change by €9
12

set digital pin { pinNo output as Gilelsh

Fva |t waitTime secs



Guided Tasks

Blinking the LEDs Continuously
Blinking the LEDs Randomly

Turning ON and OFF the LEDs in Different
Directions

Blinking the Red, Green and Yellow LEDs
Randomly

Slowing Down the Blinking Rate of LEDs



set [ETTRrIM to [OF

turnOffLeds

, blinkLedRandomly

| —

.

define blinkLedRandomly

set to pick random @) to €Y

set digital pin {pinNe output as

wait waitTime secs
set digital pin {pinNo output as (T

wait waitTime secs

define turnOffLeds

set digital pin @) output as
set digital pin @) output as
set digital pin @) output as

set digital pin @ output as
set digital pin {& output as
set digital pin @@ output as
set digital pin ) output as
set digital pin @) output as

set digital pin @) output as




clicked

2] waitTime ~ (2405

turnOfflLeds

forever

define turnOffLeds

set digital pin @ output as (&)Y
set digital pin @& output as (&)

set digital pin € output as (el

turnOnlLedsRightToleft
I turnOffLedsRightToleft
I turnOnlLedslLeftToRight
T turnOffLedsLeftToRight

set digital pin 9 output as (Esl\'d
set digital pin @ output as (EslV'hd
set digital pin a output as (EslV'd
set digital pin @) output as (&M
set digital pin @) output as (&)Y

set digital pin output as

define turnOnlLedsRightToleft

set to
repeat @
' change by €9
»

set digital pin ( pinNo output as

define turnOffLedsRightToleft

[wa-it waitTime  secs

define turnOnledsl eftToRight

define turnOfflLedsl eftToRight

pinNo_~ K&l 11

set

change by &»
r

set digital pin ( pinNo output as

3

wait waitTime secs

&



clicked

2] waitTime ~ (2405

turnOfflLeds

forever

define turnOffLeds

set digital pin @ output as (&)Y
set digital pin @& output as (&)

set digital pin € output as (el

turnOnlLedsRightToleft
I turnOffLedsRightToleft
I turnOnlLedslLeftToRight
T turnOffLedsLeftToRight

set digital pin 9 output as (Esl\'d
set digital pin @ output as (EslV'hd
set digital pin a output as (EslV'd
set digital pin @) output as (&M
set digital pin @) output as (&)Y

set digital pin output as

define turnOnlLedsRightToleft

set ENTIM to I

define turnOffLedsRightToleft

set FOUTERE to
Pref}’eat ©)
_change by €
2

set digital pin { pinNo output as
-_—
wait waitTime |secs

change by @
| 3
set digital pin ( pinNo output as

[wait waitTime  secs

define turnOnledsl eftToRight

set to
repeat @)
change by &»
| 3

set digital pin { pinNo output as {Gite]3hd

define turnOfflLedsl eftToRight

set FINTN to
repeat @)
‘change by &»
r

set digital pin ( pinNo output as

Fva_ it waitTime secs

»

wait waitTime secs

&



Guided Tasks

* For micro:bit, using on-board LED Screen

(}plntxﬂyﬂ ounplotxﬂyﬂ



Guided Tasks

* Blinking the LEDs on the Middle Row Continuously

sz forever

«© plot x ﬂ y ﬂ
éé pause (ms) 200

() unplot x ﬂ y
E;E pause (ms) 200

(j plot x y ﬂ
EE; pause (ms)

(} unplot x y
EE; pause (ms) 200

(} plot x y ﬂ
Eié pause (ms) 200

(} unplot x y

i pause (ms) 200

on start

Eet waittime - I 200

HEH forever

Ezﬁll ili[asGll blinkLeds ~

iitilasteh Ml blinkLeds
for £33 from @ to n

LU waitTime




Guided Tasks

* micro:bit - Controlling a Series of External LEDs

U
ﬂ?ﬁim@fIim?”“!%“ﬂ!%h
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on start

iU+ L0 blinkGreenleds
digital write pin [Z3E) to

’ digital write pin [EE to
® digital write pin [EJED to
| pause (ms) [
g digital write pin [(ZBES to n
' digital write pin [EE to ﬂ
5 digital write pin GENED to ﬂ
: pause (ms) [

Lol waitTime - Rl

& led enable

IR AT T S0 B turnOffAllleds «

forever

-INRET Ta sl blinkRedleds -
call function blinkGreenlLeds -
l:;ll Ealila sl blinkYellowleds -

function
. digital write pin [Z§EJ to ﬂ
digital write pin [ZBE) to n
digital write pin to ﬂ
; digital write pin [ZJEJ to ﬂ
digital write pin [EEJ to ﬂ

digital write pin [(EBED to

' digital write pin [ to

:, digital write pin [ENES to
pause (ms) Jl

digital write pin to n

digital write pin [EES to ﬂ
digital write pin to n
® digital write pin [EJE) to ﬂ

_ ® digital write pin [ to
® digital write pin [EJE) to ﬂ

@ digital write pin [EJE) to n

pause (ms) (! CEFEFITID

Al a3l blinkRedleds
@ digital write pin [ZHE to




Guided Tasks

IC

 Composing and Playing Mus
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when clicked

forever

playMusicl

define PlayMusicl

play tone pin @) on note beat
play tone pin ) on note beat
play tone pin @) on note beat
play tone pin @) on note beat
play tone pin @) on note beat
play tone pin @) on note beat
play tone pi note beat

st T

walit (P secs

play tone pi note beat
play tone pi note beat
play tone pi note beat
play tone pi note beat
play tone pi lee=8 D4 ~ Jol:1a
play tone pi note beat
play tone pi note beat

walit (P secs




Guided Tasks
* Blinking LEDs and Playing Music Concurrently

42



Guided Tasks
* Blinking LEDs and Playing Music Concurrently

— Scratch mode vs Arduino mode

43



set digital pin @ output as
set digital pin 9 output as
set digital pin @ output as

: play tone pin @8 on note beat
b play tone pin on note beat
P play tone pin @8 on note beat
Ihr.tl.;rg.lIr tone pin 1 on note (&} beat (NEL 8
: play tone pin B on note beat
Ihr.:l::rg.lIr tone pin 1 on note ¥} beat (NELSY
: play tone pin @B on note beat

set digital pin @ output as (SlCaM

set digital pin @ output as
0.2

set digital pin €) output as :
0.2 play tone pin m on note heat

set digital pin €) output as bplay tone pin @1 on note (Y beat (NELSN
0.2 : play tone pin m on note beat
bplay tone pin 1 on note (TYY beat GNE LSS
0.: : play tone pin @ on note beat

'play uER ] 12 Eakieie] D4~ BEEIR Quarter™)
: play tone pin @B on note beat




Arduino Program

set digital pin @ output as

Arduino Program

.. play tone pin m on note beat
' play tone pin @ on note beat
. play tone pin m on note beat
:|::Ia1,.»r tone pin @ on note beat

set digital pin €) output as
set digital pin @) output as

set digital pin @ output as (CllcIM

0.2 play tone pin @ on note beat
[ 3

play tone pin @ on note oI=E1d Quarter™
¥

play tone pin @ on note beat

set digital pin @ output as

0.2

set digital pin ) output as (ClcIM
0.2 play tone pin m on note @ beat Gm
3
play tone pin m on note beat
L5

set digital pin ) output as
0.2 ' play tone pin m on note beat
set digital pin @ output as play tone pin m on note beat
0.2 :pla',' tone pin m on note @ beat

set digital pin @ output as
0.2

play tone pin @ on note m beat
L]
play tone pin @ on note beat




Guided Tasks

* Blinking LEDs and Playing Music Concurrently

e Reference:

— https://learn.adafruit.com/multi-tasking-the-
arduino-part-1/overview



https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview
https://learn.adafruit.com/multi-tasking-the-arduino-part-1/overview

Guided Tasks
* Blinking LEDs and Playing Music Concurrently

— No problem with micro:bit
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on start

sz forever

pause (ms)

@ digital write pin [ZBE) to ﬂ

pause (ms)

digital write pin [Z3E to

pause (ms)

digital write pin [Z3ED to n

pause (ms)

digital write pin [EJED to

pause (ms)

digital write pin [(EJEJ to ﬂ

pause (ms)

play tone

play tone

play tone

play tone
play tone

play tone

play tone
pause (ms)
play tone
play tone
play tone
play tone
play tone
play tone
play tone

pause (ms)

Middle C

Middle C

Middle G

Middle G

Middle A

Middle A

Middle G

2080

Middle F

Middle F

Middle E

Middle E

Middle D

Middle D

Middle C

200

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~

1/2 ~




Self-Exploration Project

* Students are required to develop a Light Show
by using Arduino/micro:bit and LEDs.

— with no more than 10 LEDs

— design a program that display at least four lighting
patterns

— If possible, add music by using a buzzer



Self-Exploration Project

e System Development Life Cycle

1. Problem definition

Problem analysis
Algorithm design and Program coding
Program debugging/testing

A

Program documentation



Project 2

A Simple Interactive Game



Project Requirements

e Designing a simple interactive game using push-

buttons, LEDs and buzzer.
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Knowledge and Skills

* Construct simple circuits by using single-board
microcontroller, breadboard, push-buttons, LEDs,
buzzers, resistors, etc.

* Create simple programs by using visual
programming IDE
— definite loop
— indefinite loop
— infinite loop
— selection statements
— etc.



Basic Knowledge

* Momentary Switch
* Maintained Switch (Toggle Switch)
* Push-button

bed 1
o -
e 9
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Basic Knowledge

 Push-button module

* No need to connect the 10 kQ pull-down
resistor
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Basic Knowledge

Other choice
— Touch Sensor

56



Guided Tasks
e 1 Push-button & 1 LED
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Guided Tasks
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-

-

-

-

.

LED

Arduino

Long Leg (+)

D2 Pin

Shott Leg (=)

GHD Pin

Push-button

Arduino

GND Pin

S Pin

VCC Pin

5% Pin

OUT P

D12 Pin




Guided Tasks

e Using a Push-button as a Momentary Switch

when clicked
forever

if | read digital pin €&) “then

set digital pin@ output as m

else
set digital pin@ output as
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Guided Tasks
* Using a Push-button as Toggle Switch

when clicked
-|dl buttonState ¥ Jds E

forever
if . read digital pin €¥) “then
if buttonState =[] then

=4 buttonState ~ [

else
S buttonState ~ Rds! E

3

set digital pine output as | buttonState
3

wait until not read digital pinm

60



Guided Tasks
e 2 Push-buttons & 1 LED

61



Guided Tasks

* Using Sensor Shield with GVS pins to simplify
connection

L
-
P
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To D12

To D11
G
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Guided Tasks

e Using two Push-buttons as On and Off Switches

when clicked

forever

if . read digital pin €2 “then

set digital pin@ output as @

5

if read digital pinm then
set digital pine output as

64



Guided Tasks

* Controlling several LEDs by a Push-button

65



when clicked

define turnOffLeds
turnOffLeds

set digital pin @) output as

set digital pin € output as
set digital pin @) output as
set digital pin @ output as

forever

{

if " read digital pin €) Jthen

change  pinNo_~ &3] 0

if pinNo = [  then
set [T to
»

set digital pin {(pinNe@' output as

- g
wait (BY secs
’

set digital pin {pinN@ output as

>
wait (EW secs

66



Guided Tasks

* Referring to the previous task, when the push
outton is pressed, the LEDs will blink. When the
outton is released, the LEDs will stop blinking
and all the LEDs will be turned off.

* Question:

Modify the program so that when the button is
released, the LEDs will stop blinking and only
one LED will remain on.



when clicked
define turnOfflLeds

turnOfflLeds

set digital pin @) output as
set digital pin € output as
set digital pin @) output as
set digital pin @ output as

forever




when clicked
define turnOffLeds

turnOffLeds

set PN to set digital pin @) output as

- set digital pin €) output as
set digital pin @) output as
set digital pin @ output as

forever
Y read digital pin €§) Jthen

set digital pin { pinNo output as (KelVAd
» .

‘wait (FY secs

.

change FIITIM by €
’ -

if pinNo = [ _then

set [EITN to B

set digital pin {pinN@ output as

) -
wait (B9 secs

5




Guided Tasks
* Designing a Fast Answer Game System (385 ##ER)

To D12 To D11 To D10

.........................

2 !
ulp 2o s s ’. oo o o W

s 5 OO0

NN 1312 11109 » 7 6 % 4 3 24 0 .

SENSOR

sl 0 80D
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Guided Tasks
e Step-by-Step

1. Turn an LED on when pressing the corresponding
push-button.

Ensure that only one LED is turned on at a time.

Produce suitable sound effect when pressing each
button.

4. Make the program more modular



when clicked

forever
,if read digital pin €ls) “then

set digital pin @) output as ezl

else
set digital pin @) output as

>

if " read digital pin @§) Jthen

set digital pin @) output as Gl

else

set digital pin @) output as

5

if " read digital pin §§) Jthen

set digital pin @) output as ezl
else

set digital pin @) output as
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when

forever

if

if

if

if

clicked

not read digital pin €§)

read digital pin @ then

and not read digital pin @ then

set digital pin @ output as (3N
else
set digital pin @ output as

not read digital pin €9

read digital pin m then

and not read digital pin @ then

set digital pin € output as (GlcaM
else
set digital pin ) output as

not read digital pin §§)

read digital pin @ then

and not read digital pin m then

set digital pin @ output as (GlEM
else
set digital pin € output as

3
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when chcked

forever

if not read digital pin m and not read digital pin @ then

if read digital pin @ then
set digital pin @ output as (GlicaM

play tone pin @) on note skl Quarter™
else

set digital pin e output as

not read digital pin @) ~ and not read digital pin €D = Jthen

if read digital pin m then
set digital pin @ output as (lcaN
play tone pin @) on note (G} beat CRELCS

else

set digital pin 9 output as

not read digital pin m and not read digital pin @ then

if read digital pin @ then

set digital pin @ output as (§llcaM

play tone pin @ on note @ o=kl Quarter”

else

set digital pin o output as

3
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when chcked

forever

’

if

if

3

if

s

g

»

r

not read digital pin §8Y) = and not read digital pin €8 = Tthen

reépeat until not read digital pin €D

set digital pin e output as Gliciz
play tone pin @ on note beat m
=,

set digital pin e output as

not read digital pin @Y . and not read digital pin @ then

fepeat until not read digital pin €§)

set digital pin € output as (llEaN
play tone pin @ on note (F} beat Gm
g

set digital pin 9 output as

not read digital pin m and not read digital pin @ then

fepeat until. not read digital pin (12)

set digital pin @ output as GlcaM
play tone pin @) on note (&} beat
= .

set digital pin @) output as

76



when chcked

forever

d

if

checkButtonForRed

checkButtonForGreen

checkButtonForYellow

=

afine checkButtonForRed

not read digital pin m and not read digital pin @ then

' 4

repeat untik not read digital pin (10

set digital pin @ output as Gl

play tone pin @ on note beat com
. : oy

set digital pin @ output as

77



define checkButtonForGreen

not read digital pin €9 ~ and net read digital pin €8 = then

repeat until not read digital pin

set digital pin €) cutput as (Gl
play tone pin €) on note (B} beat
| =

set digital pin €) output as

define checkButtonForYellow

not read digital pin @9 = and not read digital pin then

Fa

repeat until not read digital pin €8

set digital pin €) output as (Gl
play tone pin @ on note @ beat
e E;

set digital pin ﬂ output as
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Guided Tasks

e For micro:bit

(i AR
o mmmm;mllllmnnnunumm

BIIII'IIIIBIW




on start

i led enable

.

forever

11 function

11 function
"ia-.ll LT 00 chackButtonForYellow -

#® digital read pin

ital read pin 'En'm

.

iula st Y checkButtonForyellow
I - )
ital read pin KD mﬂ

¢ play tone Middle E

digital write pin Im to ﬂ
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Self-Exploration Project

e Designing a simple interactive game using push-

buttons, LEDs and buzzer.
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Self-Exploration Project

R TR TR TR

To D11

To D10 To D9 To D8

YFROBOT  wer NN - EORNENENEND)
’

® 2014 ——

on
cr‘ *x B
| B )
. P -
. [
SLCT



Self-Exploration Project

when clicked
Sl waitTime ¥ jde
setDefault
forever
‘flashingl
:flashingz

flashing3

checkResults
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Self-Exploration Project

define setDefault

set digital pin@ output as
set digital ping output as

set digital pinG output as
set digital pine output as
set digital pine output as
set digital pina output as
set [ERTI20M to [
set to [
39 result3 ~ {&Y 0|
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define flashingl

if result1 =[]  then

repeat until. not read digital pin@

if not resulti1 =} then

set to
’set digital pin Q output as (m
’ set digital pin & output as
wait waitTime secs
else

set [N to ]
set digital pine output as

set digital pine output as m
2

wait waitTime secs
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when clickad

e v=itTime” B3 0.1

saetDefault

forever
Flashing1l
. Flashing2
' Flashing3

checkResults

define setDefaulit

sat LU o n

chang= FIITS oy €

set digital pin’ pinNe output as (Eeiy

set YIS o [
S result2” B O]
e result3” B o)

defina reset

setDefault

define Flashingl defing Flashing3

resultl = [§] then #  results = then
read digital p '\@
resultt =1 then if

ft1~ ESY 1]

Qmp.ahmtﬂ not MMI not

not

set ol

not

e resu

IS resultl” to
oin@ output == (TSI
td i1pin ﬁ output

t digital

define Flashing2 define checkResults

if result2

—

repeat until not

r

and not

'E then ¥ not

read digital p :‘G

resultl =

¥ resuftl = result2

f tone pm@c'\
e pin @8 on
z pm@:'\

resultz = then

BN rcsuit2~ IO 1|
’
set digital pir °uutpu! as

set digital ;mro output
- e

if not

walt waitTime secs y tone pin @ on
——
else play tone Dll"@ on
setto y tone plrm on
@) output as
set digital pin °uulpu{
b

walt waitTime secs

set digital

result2 =E

and not

result3 = then







Project 3

A Light-Control Music Box



Project Requirements

* Design a light-control music box.




Knowledge and Skills

Construct simple circuits with single-board
microcontroller, potentiometer, RGB LED, light
sensor (LDR) and DC motor, etc.

Know how to handle analog input in
microcontroller

Know how to handle analog output (PWM) in
microcontroller

Create simple light sensor control systems



Basic Knowledge
* Analog Input

* Analog (PWM) Output

25% Duty Cycle - Analog Output Value 64
Ow
50% Duty Cycle - Analog Output Value127

Sv |
I:::""' m

91



Basic Knowledge

* Analog Input in Arduino

Digital Input / Output pins DO, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12, D13

DIGITAL (PuWn=

= OG)
TX . X

............... . B ON .
rRx@m Arduino”

‘ Analog Input pins A0, Al, A2, A3, A4, A5 92




Basic Knowledge
* Analog (PWM) Output in Arduino

PWM Output pins D3, D5, D6, D9, D10, D11

DIGITAL (PWM=~)
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Basic Knowledge

* Analog Input and Output in micro:bit

N

B
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Guided Tasks

cathode

- RED

- GROUND
- GREEN

- BLUE
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Guided Tasks

Controlling the Colour of an RGB LED

t:u_mue “J l;m_m “J L?a_m uJ

when clicked

259 red_code ~§24 0
2l green_code ~ §&J 0

set blue_ cnde d to [

B e )

set pwm pinm output as | red_code

set pwm pin @) output as { blue_code
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Guided Tasks
* Controlling the Colour of an RGB LED

when chicked

forever

set to pick random (@ to

set to pick random (@) to
’
set to pick random (@) to

set pwm pin €8 output as (red code

set pwm pin @) output as ( green_code

set pwm pin @ output as (blue_code

———
N 0.5 B
=,
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Guided Tasks
 Automatic LED Control by Light Sensor (LDR)
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Guided Tasks
e Automatic LED Control by Light Sensor (LDR)

when clicked

forever

set ESYIYIRd to read analog pin (A) @

say reading
13

if reading < Xy ~then

‘set digital pin € output as
E‘SE
set digital pin @) output as

99



Guided Tasks

* Control of Music Playing by Light Sensor (LDR)

- % & § W - " " .- & & ¥ @ - " " " ¥ " - " LR - " " . L

.- " & ® @®

@ & & & & & & & & 8 8 & F & & 8 & & & F F 8B 4 8 @

® & & @ @& & & & 8 8 & & & @ 8 & 8 & % & 8 & & & 8 B BB & B 8 B

® & & @& @& & & & & & & & F 8 & & F 8 F & 8 @ & 8

& & & @ & & & & & & & & F @ @ & F & & & & & & & @ 8 B 8 F & @

L B L L L

- " " ¥ WYY RN

" " F E Y FOFFET S F RO OFFRFE SRR R OROEE R R RN SN

& @ R OB E R & 8 R R R R OE R A R E R R R OE RS W

L B B R R
L DL R R R
" @ @ F & & @ & @

& & & @ & & & & 8 & & & & @ & & 8 & & & & & & & 8 B B B & B F B & 8
L L L L L B B B L L L D R B R L L B D L
L B O L L R B R D D L D R R D L R B B D B R S L N
& & @ B & & F F §F 8 §F & & 8 §F @& 8 & F F 8§ & & 8 F B R B F B F B % 8

LR B L B B
U B L L B B O B
& & & & & §F F 8 4 & @
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Guided Tasks

* Control of Music Playing by Light Sensor (LDR)

when clicked

=18 music ¥ Bds) CCGGAAGPFFEEDDCP

set IS8 to

ver |

read analog pin (A) [0 J¥9 100 J

playMusic

=)

—_—

3

define PlayMusic

play tone pin @ on

play tone pinOon
play tone pin o::n
play tone pinOon
play tone pin @ on
play tone pinOon
play tone pinOon

play tone pin o on
play tone pin o on
play tone pin @ on
play tone pin @on
play tone pin @on
play tone pin o on
play tone pin o on

note beat
note beat
note beat
note beat
note beat
note beat
note beat

note beat
note beat
note beat
note beat
note beat
note beat
note beat
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when clicked

define playNote

set &5} CCGGAAGPFFEEDDCP

set [T to

forever

if noteCode = then

play tone pin @) on note beat

repeat until. read analog pin (A) @ e4 100

set [FTeLLLIM to letter (index of ~music
12

playNote

3
change by €
*

if index > length of music  then

set XIS to

if noteCode = E

play tone pin @ on

note EZM beat

if noteCode =

play tone pin @) on note beat

if noteCode = E

play tone pin @) on note (@EZ}Y beat

if noteCode =

play tone pin @ on note beat

i noteCode

play tone pin @) on note E}Y beat

i noteCode =

play tone pin @@ on note beat

if noteCode =ﬂ then

wait (WP secs
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Arduino Program

set [T to

forever if noteCode = then

repeat until. read analog pin (A) @ < F0Q play tone pin @ on note beat

5 noteCode ¥ Ko MMISREEIAN [0S CCGGAAGPFFEEDDCP - E
= an

define playNote

i noteCode

play tone pin € on note IR beat
change [ by €

index > length of [SeelIVYJHESoTe] then if  noteCode = then
set index ¥ 8 play tone pin @) on note beat

[
|
N
I playNote
N
BL
|
|

| if noteCode = |3 = then

play tone pin @ on note (Y beat

if noteCode = |[§ then

play tone pin @ on note beat

noteCode = |ffj then

play tone pin @ on note beat

if noteCode = then

play tone pin @ on note beat

if noteCode = | ~then

( wa'.i.'t [ 0.2 E=leS




Guided Tasks
* Controlling DC Motor

[ B N A ® B 5 B B [ T B O & B 8 & B - & = BB "R R = B B ¥ B CRE B A BN " E B B & L B B AN
LI B A LN B B LI LI L R LR I I O L ] LN I B - 5 B B & LI B A ] L BN O BN
R R B R & BB E R R E AR R R RO R &R R R E R R R R R R R R R R E R R RS E R R R
® B B ®R B B 8 B FE S S FE SRS S S E S SRS E S S E S S FEEF SRR RS SRR ERE SR AR SRR SRR REEE
&R R &R E S EF A AR E SRR RS E SRR &R RS EE SRR E kN ERE RS E AR E R
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Guided Tasks
* Controlling DC Motor
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Guided Tasks

* Controlling Direction of Rotation

h li ‘ '
when clicked define turn_direction_1

stop_rotation
forever set digital pin 9 output as Rz

rif oy EEETIER pressed? then set digital pin & output as
turn_direction_1

define turn_direction_2

set digital pin 9 output as

turn_direction_2
set digital pin @& output as (M

key pressed? _then

stop_rotation

define Stop_rotation

set digital pin @& output as
set digital pin @ output as 106




Guided Tasks

e Controlling Speed of Rotation

SESEER wmp [FSTES) w EmmmE

when clicked

set pwm pin 9 output as @

forever

set pwm pin @ output as | value_of D6
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Self-Exploration Project

* Design a light-control music box.
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Self-Exploration Project

* Design a light-control music box.




Self-Exploration Project
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Self-Exploration Project

* Design a light-control music box.
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Self-Exploration Project

* Design a light-control music box.

Pepeat until light is dim

LED emits random colour

| |
| |
| |
| et motor on I
| |
| |
| Play a musical note of the mi=ic I
| |

Set motor off
Turn off LED



when clicked

define emitLedColour

EC1d music ™ fl CCGGAAGPFFEEDDCP
Y ndex ~ I set pwm pin @ output as | pick random @) to

forever set pwm pin @[ output as ( pick random (@) to

< ut as | pick random @ to

repeat until. read analog pin (&) (0]

' setMotorOn
13

emitLedColour .
b define  PlayMote

set il =Rd to letter  index of  music
3 if noteCode = then

playNote

' . blay tone pin n note ¥R beat v
change S by € _.[.J|-_-I!" tone pin @ on note ER beat (CUE=.
3

if index > length of music then ; noteCode =E Trer

| set QUi to play tone pin @ on note EER beat (UERSM

3 = =
teCod = o
setMotorOff HEESERSS . ARET

3
turnLedOff play tone pin @ on note beat

noteCode = E then

define  setMotoron play tone pin @@ on note (ZRP beat ((EIaa

noteCode = then

play tone pin @ on note beat

noteCode = then

play tone pin @@ on note be

noteCode = then

play tone pin @ on note BB Quarter™

if noteCode =E then

wm pin ) output
pwm pin €8 output
pwm pin EF9 output

wait (i} secs
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Arduino Program

define emitLedColour
set [HLEd to

set pwm pin @ output as | pick random ) to
set pwm pin @8 cutput as | pick random () to EEF
set pwm pin @ output as | pick random () to EE

forever
repeat until  read analog pin (A) @ <

.EetMatorOn

|2
emitLedColour

b
514 noteCode ¥ REMEEENINGGEVANGTY CCGGAAGPFFEEDDCP |
}playNote

’changebyo

b

if index > length of [EEEEYY==les] then

-Eet index ™ to

define | playNote

if noteCode =Y = then
| play tone pin @@ on note beat

noteCode = then
| play tone pin @@ on note EERP beat

12

setMotorQff

k

turnLedoff

noteCode = then

play tone pin @ on note Wl Quarter™)

noteCode = |[[iJ = then

play tone pin @ on note (R beat GNERGM

define SetMotorOn

set digital pin @ output as (SN

set digital pin €9 cutput as
noteCode = then

play tone pin @ on note beat

define setMotorOff
noteCode =[f = then

play tone pin @ on note beat

set digital pin @ cutput as

set digital pin €9 cutput as

noteCode = then

define turnLedOff
play tone pin @ on note BT Quarter™)

set pwm pin @ output as @

set pwm pin m output as @

set pwm pin m output as @

if noteCode =[] ~then

Fwait 0.2 JELt 114




Project 4

A Smart Fan



Project Requirements

* Design a smart fan

116



Guided Tasks

* Measuring Temperature by LM35

JIGITAL (Pyn=~

Arduino”

LR I
L B B

11/



Guided Tasks

* Measuring Temperature by LM35

T — A0 value x 5000
1024 <10

= AQ value x 12—5
256

when clicked

forever

set [ to read analog pin (A) @ * €85 / €5

say join [EUNEY join round temp
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Guided Tasks

* Measuring Temperature and Humidity by
DHT11
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Guided Tasks

* Measuring Temperature and Humidity by
DHT11

Arduino Program

DHT No @), Pin €§ . Version

serial write text [ join ENEGIcEd DHT No €9, Temperature

Fﬁltog.ecs
]
serial write text ' join Muli Al OHT No €9, Humidity

Etalto_r.ecs
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Guided Tasks

* Measuring Temperature and Humidity by

DHT11

14:15:47.615 < Temperature = 30.00
14:15:48.606 < Humidity = 87.00
14:15:49.885 < Temperature = 30.00
14:15:50.883 < Humidity = 87.00

14:15:32.1350 < Temperature = 30.00

14

send encode mode
|7® binary mode ) char mode

(

recv encode mode

O binary mnde@
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Guided Tasks

* Controlling a Fan by using Temperature Sensor

122



Guided Tasks

* Controlling a Fan by using Temperature Sensor
— Other choices

123



Guided Tasks

* Controlling the On / Off of a Fan

when clicked

set digital pin @ output as
forever

set [BUMd to round read analog pin (A) @ * €5 / €&

say join [N join temp

'.

set digital pin @ output as (G
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Guided Tasks

* Controlling the Speed of a Fan

Temperature (°C) Speed (%) m
0 0

<25

40% 255x0.4=102
27 - 28 60% 255 x 0.6 =153
80% 255 x0.8=204

100% 255
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set pwm pin 9 output as @
forever

set [l to round read analog pin (A) ® * €&5 /&
say  join IEXUPHEN join temp

temp <&  then

set pwm pin @ output as @

set pwm pin @ output as

temp <Xl  then

set pwm pin @ output as

set pwm pin @ output as
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Guided Tasks

* Controlling a Fan by using Temperature Sensor

ki T
iy mllmﬂunoﬁnm s
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: l t—'""i" .
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Guided Tasks

* Controlling a Fan by using Temperature Sensor

on start

digital write pin X8 to

=== forever

set EITED to (| ® temperature (°C)

#22 show number ‘,\
(&) if JI

then digital write pin [EENED to n

else digital write pin [(Z¥#JE3 to
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Guided Tasks

 Measuring Distance by using Ultrasonic Sensor

pxmm Arduino’

Bu & M WA D ;o P 8 W > ™M il A D
Lal - e B B | I r Kl Kl 'y -
= 3 o I B B
- =
PIGITAL (PWA==F =
{ipe
L - %,.« s
X ,
T o
L
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Guided Tasks

 Measuring Distance by using Ultrasonic Sensor

when clicked

forever

cet Qlehl«Sd to read ultrasonic sensor trig pin @e:::h:] pin @

F
say join RGeS join distance
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Guided Tasks

 Measuring Distance by using Ultrasonlc Sensor

- Asamaeq vy L|\



Guided Tasks

Measuring Distance by using Ultrasonic Sensor

=== forever

set to (, ping trig (KD
echo
unit

=22 show number ( \
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Guided Tasks

* Controlling Servo Motor

when clicked

4 angle ¥ §88 0

forever

set servo pin @) angle as ( angle
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Guided Tasks

* Controlling Servo Motor

\ Tower Pro™

Micr% Servo |
g i .
$G90 ( to 5V pin

to GND pin

to PWM pin

ul 3 ] - D ' d
= [} oo
ILITAL (FUR=~ F @
- % f
Ty : o

rxmm  Arduing”
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Guided Tasks

e Servo Motor with Ultrasonic Sensor
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Guided Tasks

* Detecting the Nearest Obstacle to the Sensor




Guided Tasks

* Detecting the Nearest Obstacle to the Sensor

‘_.-—'-"'-n..‘. .
” Y
/ \
\

/

/ \
v |
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when clicked

forever

set servo pin @) angle as (i}

[ 3

wait (Xird secs

1]
4l min_angle ~ [58 0
13

set Q=GR to read ultrasonic sensor trig pin §&) echo pin €8

[set 8 0
}repeat
:change by €
set servo pin € angle as { angle

WENE 0.02 EEEE

set FEE - to read ultrasonic sensor trig pin &) echo pin €&

if distance < min_distance then

cet [MENETRd to andie
b
Ll min_distance ¥ eIl

-

set servo pin @) angle as min_angle

4
wait €[ secs
i,

]
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Self-Exploration Project

* Design a smart fan

139



Self-Exploration Project

* Design a smart fan

140



Self-Exploration Project




define setSpeed

et digital pin @ output as

set digital pin @ output as

et servo pin ) angle

1 angle ~ {8 0
set Eirig to

set [ to round read analog pin (&) @ = §ED / €5

if temp <[  then
| ~set pwm pin @ output as @y
=
EetSpeed
.3

define sethAngle

if angle =B then

set EiS:Nd to

if angle =[]  then

set Eizdad to

change by step

set servo pin @) angle as [ angle

wgit 0.02 E=t=Tef:]



Self-Exploration Project

* Design a smart fan
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Self-Exploration Project

* Design a smart fan




Self-Exploration Project

* Further example

— https://www.youtube.com/watch?time_continue=79&v=n
hLk_kOy6wS8

O\ \mmmmm)
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https://www.youtube.com/watch?time_continue=79&v=nhLk_kOy6w8
https://www.youtube.com/watch?time_continue=79&v=nhLk_kOy6w8

Reference

Arduino BSZZ A [7 : B 7 r A B FlET ) 222
[RLE X AR 7 F IR E]

Beginning Arduino by Michael McRoberts

JHHmBlock ZrArduino - Starting from Scratch = Fr/= £
etc.



~END ~

Thank You!



