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ODbjectives of the workshop

ATo introducevarious electronic tools
and microcontrollers for STEM
education,suitable for students at
various levels

ATo demonstrate the integration of gile
desighandcoding

ABut please note that:

1. These tools are onlylatforms, they arenot equivalent
to STEM education

2. STEM education can be conducted without this kind of
tools

3. The introduced tools arenly a subsebf all available
tools, there are other suitable tools



Smart City and Smart Home

ASmart City Consortium of Hong Kong

i To develogHong Kong as a world leading Smart City, to
foster the knowledge economgnhance quality of life
and create a vibrant eesystem by usinghformation

Technologyand promotingmore effective resource

Mmanagement Selfdriving car

ASmart home

i To use technology, e.gternet of things (loT)to
achieve higher home automation, or greener and
smarter home @reen smart home

AA potential topic for STEM educatieany topics in
science, ICT or mathematics which can be integrated to
achieve the above goals (e.g. helping elderly at home)?


https://www.youtube.com/watch?v=iHzzSao6ypE&t=7s

Overview of the three tools
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Tool 1ilittleBits



littleBits (1)

ALittleBitsare magnetic electronic building blocksvhich
can be assembled as circuit to serve different purpose

AThey arecolor-codedaccording to their functions

Image removed due to copyright

@ rover @ nput Output

Alntroduction of some of the bits:

PULSE BIT

A Output a series of pulse
signal with adjustable
interval

POWER BIT
A Power up the circuit

THRESHOLD BIT TEMPERATURE SENSOR
A Convert an analog =i A Operates between 0A
99A

signal to a high/low
signal




littleBits (2)

NUMBER RGB LED
A Display numerical A LED with adjustable

numbers color

INVERTER BUZZER
A Invert the binary input | A Sound when input is
as an opposite output ’ high

Referencehttps://shop.littlebits.cc/productsivorkshopset

AExerciseTo construct a
high temperature alarm
with littleBits ¢ an alarm
which sounds when the
temperature is above a
threshold



https://shop.littlebits.cc/products/workshop-set

loT and Coding witlittleBits

Alnternet of things- we can construct a device to be
O2YUNRff SR OAl (LCKSbE yHREWY
AIFTTTF a free webbased service integrated with various

we applicationsgmail facebook etc

Image removed due to copyright

ASmarthome devices can be built, e

2t feedersetc

ATo construcimore complicated applicationswe can use
Arduino bi; combined with coding in C

Image removed due to copyright


https://www.youtube.com/watch?v=Znm-YY3cKeo

Tool 2:micro:bit



micro:bit
Amicro:bitis a micrecontroller designed bBCfor
computer and coding education

Alt has Push button A Push button E

two control buttons 5x5 LED array
2. onereset button
3. oneb5x5 LED display array
4. one 3-axis accelerometer
5. one3-axis magnetometer i

. ()

6. aZ2.4GHz radio modul@or :

Bluetooth communication) — t

Pins 0- 2 Ground

3V Power
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Advantages of usingicro:bit?

AResearch findingsn the use ofmicro:bits

1. 90% of students said thmicro:bitshowed them thatnyone
can code

2. 86% of students said thaicro:bitmade Computer Science
more interesting

3. 70% more girls said they wouttioose Computing as a
schoolsubject after using thenicro:bit.

4. 85% of teachersgree it has made ICT/Computer Science
more enjoyabldor their students.

5.1 FEF 2F 0SI OK Siicko:bits&y? € @Sy fedzd S
more confident as a teachgparticularly those who say
UKSe QONB Yv2uU OSNE OZ2YyFTARSYI

Reference

[1] & / NXB kobdl& Vi 8zk TdZ Jaxpedicdceof the BBOmicro:bit, Proceeding®f the 48th ACMTechnicalSymposium
on ComputerScienceeducation SIGCSE)17, SentanceS, Waite, J, Hodges S, MacLeodE, & Yeomans|. E (2017

[2] a A O NBwvébsités i ://microbit.org/teach/, retrievedon 14h Sept,2017 11



http://microbit.org/teach/

micro:bit— Basic operation
AOpen abrowser, go tohttp://microbit.org/code/
Al £ AIOSI0 &8 OB RS NI aWF @ { ONJR LI
ACoding blocks are grouped into various categories
Alnput the following codes:

AConnectthe micro:bitto the computer using aJSB cable

Al £ ADOWnloa( | YR al @S GKS FAES
(micro:bitmay be on a different drive in your computer)

At NBaa (0KS almicrobidzi 2y 2y (K


http://microbit.org/code/

micro:bit— Basic operation

ASTEAM educatiog micro:bitis also a good tool for STEAM
(STEM+ART) education since we can display artworks or
the LED array, or code to produce music

AExercisY dzaS UK€ o6& RDF miGobdD R
display a smile for 1 second when islsaked

ATo produce sound fromnicro:bit, onecan ¥ )

connect themicro:bit with speakers or '\l
earphonesas shown in the right figure

AExercisY dz8 8 GKS o0f2018 AYS 6K

category to code the melody . = -
G 5-Rea S ¢ A y o { 2 dZ)Q; |{; Zpte "acdzl,&_ N Oy




micro:bit+ input/output devices

AWe canconnectthe micro:bitwith other
componentsusing crocodileslip wires, and
the different pins on themicro:bit '

AExample connect an LED across pin 0 an O
GND, and use this code to turn it on: — 4
® on button (3B pressed Pins 0- 2 Ground
3V Power

digital write pin ([ZJED to

822 pause (ms) 1000

digital write pin [ZED to

- n | z iv | |
ATo read data from internal/external sensors: |_|_|_|

Reading from external temperature sensor
LM35: Temperature = reading x 300/1024

Reading from internal
temperature sensor:

® on button [[Y§d pressed

GE show number @® temperature (°C)

Code =7

14



micro:bit- bluetoothcommunication

AA 2.4GHz radio modulés builtin in themicro:bitfor
wireless communication with other devicesrmrcro:bit

AThe range of the transmission is less than 100m

ANow, pair with another group to use the following code
on bothmicro:bitat a distance to each other

o s AExercise 1construct ahigh
E,“l radio set group ﬂ .
temperature alarmwith a
o0 il a - |presest micro:bit, a buzzer, and a LM35
all radio send number
o show string AExercise 2constructa remote
- — _ temperature sensomwhich
D RGN F W YIS A | receivedNumber - | .
f# show nunber ( (ORI send temperature reading to

anothermicro:bitat a distance
apart 15

i22 clear screen




Remote sensor experiment

ACodes on thesendermicro:bitand thereceivermicro:bit

on start

Eﬂ radio set group

g2 forever

il radio send number [ @ temperature (°C)

' all radio set group ﬂ

@ | BT o E=Te NI YRRVl receivedNumber ~

f2 show number 1|

£22 pause (ms) 1000

i22 show string

g2 pause (ms) 5000

Sender (sensonnicro:bit Receliver (sensomnicro:bit
AExercise 3Developa remote Trigger the
sensor

the temperature of a remote |
sensor module only when the "°°V¢" g
control button of the receiver
module Is triggered.

“[ll== Temperature 1"
reading

16



Tool 3: Arduino



Arduino microcontroller ( )

AAnopen-source( ) electronics

e

platform based on eastp-use hardware; " [ “_ee—ﬁm”.

!
o 35 ..;—uu:un - ®
+ I

and software

AA () programmable and (ii)singleboard  EISS — -
microcontrollerwhich _-P.“rﬁuw-

1. readsinputs, e.g. sensor readings, button states,

2. processeghe inputs based on instructions, e.g. check
with codes and conditions

3. producesoutputs, e.g. to turn on an LED, activate a
motor

AConnection to different hardwareby simplewiring ()

Alnstruction implementation by the Arduino Software IDE
(Arduino IDE ) and simple programming language

18



Arduino microcontroller
A¢ KS a0 NHzO Ardud&BUn& y 0 2 K NRY
14 digital input and output pins, i.e. high or low

o — O Oy 0O I“-—-!’.DL!'}'TC\")N‘—D

- — — = 1

Power source

3V power// ’
Ground 6 analog inputs
e.g. reading voltage

Photo credit: oV power
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Switch on an LED ( LED)

1. Connect theArduinoboard to a computer by a USB cable
2. h LIS Jevice manager  lcyeBk the portof the Arduino

3. Open theArdumosoftware (IDEQAY ac¢22f act
L2 NI €S YR a4St SO0 UKS O2 NN

4. LYy a¢22taé yR UKSYy a. 21 NF
I NB V2 Ardulsd!A yWAHE W@
5. D2 u2A(m(97Eﬂ TR S & EMDAEA Y €

ANV DA NV2 €
examplaﬂ: At S aof [ @ Blink | Arduino 106 EE=X

oid set p() { File Edit Sketch Tools Help
VOl u
pinMode(13, OUTPUT); —

} Ff the setup function runs once when wou press reset or power the hoard s
vold setup() {
H S initialize digital pin 13 as an output.
VOId Ioop() { pinMode(l3, OOTEUT);
digitalWrite(13, HIGH); }
delay(looo)’ Fi the loop function runs over and over again forever
.. . woid loop() {
dlglt&'erte(lg, LOW), digitallrite(13, HIGH); // turn the LED on (HIGH is the voltage level)
delavi1000%; A owalt for a second
delay(looo), digitalWrite(ld, LOWY; A turn the LED off by making the woltage LOW
delay(10007%; f wait for a second
} } 20



Switch on an LED (2)

6. Click thetick @ , the program is checked (compiled)

7. If there is no problem, click therrow @, the program is
uploaded to the broad

8. What do you observe for the amoard orange LED?

9. Connect the positive and the negative terminal of a
Green LE[o pin 13 and the ground pin respectively,
what do you observe?

Exercise

1. Extend the orstate of
the Green LED light to 3s
2. Construct a simple
system which simulate
the traffic light for
pedestrian

21



Breadboard (
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S4A and\rduBlock

AS4Ais a platform modified fronscratch a graphical
programming language developed by MIT which is
suitable for youngsters to learn programming

AAnother other common blockrogramming software for
Arduino is called\rduBlock

AAlthough script coding is most fundamental, many codes
can also be written in S4A ardduBlock

digital 12 on
digital 13 |off

analog 9 |value EE5)

Blink.inoin S4A with
sound

forever

'Id' ital 13
Motion Control | o

play sound recordingl
Looks Sensing

Fﬁt B secs

digital 13 | off

Eﬁt secs

Sound Operators

play sound recordingl :
Pen Yariables

play sound recordingl |unti

stop all sounds

23



Reading daté )

AWe will use the sensadrM35
to senseemperature

AConnect the circuit on the left

AThis code displays the senset X —
USYLISNF UdzNB Ay U0KHaqdg SNR I

int tempin= 07/ LM35 output connected to analog pin 0
void setup(){

} Serial.begi(9600); temperature alarmwhich
void loop(){ // read the value of theempin switches on an LED wh
float reading =analogRea(lempin); temperature is too high

float temperature = (reading*5.0*100.0)/1024.;AH. "

Serial.prinftemperature); _ INt.

Serial.printirf); If(temperature > 24)

delay(5000); // take data every 5s A
y(5000) y Your action; y




Control over other devices (1)

AArduino can be used to control other electrical appliances
by using aelay, which is especially useful controlling a
high voltage by a low voltag@Arduino)

AArduino circuit- Connect the GND and VCC pin on the
relay to GND and 5V pin of the Arduino board, and
O2yySOU adGLbmé G2 2yS 27

A Relay ( )
circuit-Connect "I
the light bulb, the =
power supply, and

the relay as show
In the circuit here:

(0 K

mmmmmmmmmmmmmmmmm

DL
®r1:3c o @
2w J71S-J0AG0-0YS =
E:l J0A87 ¥OL JOAOE V0L i

-
\_/
JVAOSZ W0l \‘ =

OOOOOOOOOOOOO
zzzzzz
mmmmmmmmmmmmm
<<<<<<<<<<<<<<

fritat
Photo credit: https://bocoup.com/weblog/javascripelay-with-johnny-five i z’ngS



Control over other devices (2)

AThe following code control the relay by pin 10:
int relayPin= 10;

void setup() {
pinMode(relayPin OUTPUT);

}

void loop() {
digitalWrite(relayPin HIGH); // turn the relay on
delay(2000); /[ wait for 2s
digitalWrite(relayPin LOW); // turn the relay off
delay(2000); /[ wait for 2s

}
Exercise

1. Use the above circuit and a relay to control the on/off state of
toy car motor

2. Use a distance sensor FBR04 and a relay to develop a toy ca
which turns on/off the motor when the distance is more/less

than 5cm from the wall respectively 26




Internet of things with Arduino

AWith the Ethernet shield Arduino can be used as a web
server to (1)ontrol other devicesor to (2)read and
report sensor readings via the internet

AFor instance, the following is an example which turn on
or off an LED via a web browser connectinght® IP of
the Arduino Ethernef and to measure the temperature
at a remote location e prrp—— S

AFor details and the e *
exemplar codes, please
refer to the attached
notes

LED Remote Control System

Turn the LED on and off:

Turn On LED Turn Off LED

Temperature =

25.39

27




Summary

AWe have introduced various electronic tools and micro
controllers includind.ittleBits, micro:bit and Arduing
suitable for students at various levels

AWe have introduced therogramming languages
Scratch and @r coding these micr@ontrollers

AWe have learnt how taontrol other devices, obtain
sensor readingsising micrecontrollers with coding

ASmart devicegontributing to Smart Cities, Smart
Homes or loT are good topics fategrating science
with the other disciplines in STEM

AThe introduced tools are only potential platforms for
STEM education, arfdlTEM education can be
conducted without these tools
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