Firststepsin using BBC micrbit for control and physical compting

Adrian Oldknowadrian@ccite.org16™ January 2017

0. Writing your first program(please skip this section if you aakkeadyhappy how to do it!)
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The image abee shovethe main elements of the BBC micro:bit. One million of these were distributed up to
July 2016 to maintained schools in the UK to be given free togddold students. Since then they have

been on general sale for around £15cluding a battry case and USB connecting cable. One of the aims of

the BBC digital literacy campaign has been to help people understand something now generally called the
‘Internetof Thing 6 L2¢ F2NJ &aK2NIv ® al y &mar® RIS2NJ/at théyP RidsO G &
includea computing device to control it, and probably one which can exchange data with other devices
wirelessly. Have a close look at the kinds of things this little device has built innmitder to make it work

you need to connect a powesource such as 2 AAA batteries. What is missing is an On/Off switch! As soon
as the micro:bit has powet runs whatever program was loaded into it most recently. When you disconnect
the power, the micro:bit continues to store the prograpand will wn it again as soon as you apply power.

So the first thing we need to find about is the simplest way to get a program to run on it. Theevaral
ways to do this. W will start offwith the programming environment developed by Microsoft Research,
called theProgramming Experience Toolkitr PXT for shorhttps://pxt.microbit.org/.

If this is the first timeyou have
used the PXT editpthen you will
have a blak program area.
Otherwise it will open the last
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The image of the micro:bit at the top left is a very clever

FYAYFGSR RS@AOS 3whdh didvSyRu td y
test programs without even having your own micro:bit! The e
coloured words in the next column are links to the various § Music :
building blocks from which you will build your prograthyou Led :
click on one of these, suchd®asi€®? € 2dz g Af € a

| show number ﬂ

Input

of blocks fom which you select one and drag it to the soore
LINEINF YYAYI G6AYR26 the yhovit KS || Lodic
numberQ 0 tWhéhiyah click on it a yellow border shows | variabies F

up, which means you have started to run your simple Math

program. You should see that the emulator slsaive £ pause (ms)

number you have chosen to display. There will also be sonft "*%°

explanation about this block
called showNumbef) ® LT
on this you will open up a new
tab with a page of information
from thereference manual
including an example. Try
deleting the zero and entering
@2dzNJ 26y ydzZYoSNI Ayid21i
KIS SYyGdSNBR dHpcQX Yy
displayscrols to showeach digit in turn, and the
LIN2 3N} Y Sy RA&theédispldy. (G KS

Basic B show number‘ﬂ

Scroll a number on the screen. Ifthe number fits on
Input the screen (i.e. is a single digit), do not scroll.
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See what happens if you enter something which i
y2i | 6K2tS ydzYoSNI f A1S 0o ¢ vy it i
now that you have started to build a program, to give it a name O microzbit  froses g flods
like Tirst step @ Prpject®) & y RRefiafa&projed © /
the dialog to get back to the editor.
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First steps
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Adrian’s first program

Most programs do something repeatedly, and use what is calle
ot 22LIQ9 ¢ KS &AYldte®®i{PRYR® 2

Edit Settings As text
&% Download |

Explorer >

B show number [ shdh cerie @ ﬂ |

i pause (ms) 1008

UsetheBasi®Q Y Sy dz | yfarevBRBNI @Af A ¢Phusdd Y R B Othedd K 2t & | yOdd padidem

blocks within thejawsQ 2 ForellelS & 2 LI® MatllXNERYYS yidK SRidkraAdordy olf 281 F YR

it inside the Show numbef2 6f 2 O] ® O9RAG (GKS ydzYoSNJ FyR OKIFy3S Al
‘pause) & &n#@l €hange it from 100 to 1000. So the new program will continually generate a random
gK2tS ydzYoSNI 0OFfftSR Iy 6AyGS3IsSNnRe 6SGveSSy n FyR |
before doing it all againCheck that this is what the emuita does.


https://pxt.microbit.org/reference/basic/show-number

Now explore what happens when you click davaScripD st St B
This is exactly the same program but written in a text,

B N | ~ 1 basic.forever(() => { A
NI 0OKSNJ 0KFY | 3ANJ) LIKAOI f 2 2 basic.showNumber(Math.random(10)) - & LINB
much more convenient to use for longer programs, : . basic.pause(leee)
especially iffou want to print them out. Click oBlock®) 5

to swap back to the graphical version. Now we are ready

to send our working program to a micro:bit. This has two stages. The first is for tleglifo{To create a

version of the program which the microtlian understand. This converts all the lines of the JavaScript
programusing a numbercodey ¢ KI G A& OFftftSR 8661 4SS mcQ 2N 6KSEQ
your computer, usually in @ier called something lik& 2 ¢ y f 2 | RecdddstagetiskdSconnect a

micro:bit to the computer with a USB cable and to transfer the file to it. Once you have got used to this you
should find the whole business of writing a program on a aast@p and loading it into the naro:bit, pretty

painless! Click on Download ® Y ) micro:bit

opens a window at the bottom of the -

& Projects - Blocks = JavaScript 7 Help &

Open with

. . 4 = » MICROBIT (D ) Add to Pokki Menu
web-browser display which shows you ~ @ sem [ umber
. H H # Quick access g @ Shred k pREs FEe O
that a file is being saved. o 3 oemas - > |
ownloads estore previous versions

It is called “microbifirststepsP K SEQ @ o™ B 0 i
you rightclick on this name you can seleq 4 soume copy N
GKS 2LIGA2y (2 Ths{ K2 P [ cnanen» oomones g S o e

A 4 oY ] ye 2 Name Rename -
2LSya ée2dzNJ 6529y ¢t 2 peon ) microbitFrststeps ( propenies = Mo

. . [ microbit-First-steps, hex |
shouldseeyour file at the top withthe  Doionts ¢ g (O
) . 5| Documents =L BETT Location MAP for Race for the Line
current date and time. My version has a| =rews  + = remomeimease
size of561 Kb If you now plug your e s —
micro:bit into the USB port of your ¥ Microsoft I R
computer, after a few seconds another |, -
window will open showing it@an -_— T —"——
external storage device with a name
ny 42% complete - X

42YSGKAY3 tA1S BalLl/
Copying 1 item from Downloads to MICROBIT (D)
If you rightclick on your hex file, you will 42% complete " x

KFEgS GKS 2LJiA2y G2 I
possible locationsSelect ‘"MICROBIT JQ:
and a little dialogudox opens to show that More details
the file is being transferred. You will also
seean LED on the back of the micro:bit flash while this happens. As soon as the transfer is complete your
program should start to run. tAhe moment the micro:bit is bhieag powered through the USB cable from the
computer. If you disconnect,iyou can then attach a 3 micrabit Fest-steps - Notepad R
battery pack and the program will happily start to rgat | . et Format view Help

least until you disconnect the power. :1993000070BD01460122920443689042010909203B ~
110@310007047A9484069401Ca1D10F20F8E7002030
:18832000F6ETFEBS044620658030000F@37FABSBA3E

If you are curious you can open your hex file with :10033600284249598800201DFFF7E3FFO546002D96
x A L A = s A - B4 :1883400001082846FEBDFFF7ATFFO120C00200FB44 e S
azyYsuKA y | f A 1- S ob2dsSLJ jIESQ :1883500041F9042221469948FFF78DFFB02881DATA 2 A y R,

contain a load of numbers using the characters
0,1,2,3,4,5,6,7,8,9,A,B,C,D,E®nce you have created a hex file you can send it to your friends. They can
either send it to their own micro:bits, or open it in the PXT editor. Try it now.




1. Making the micro:bit displayrespondto its buttons and sensors

The BBC micro:bit is quite a different animal from the Raspberry Pi. The RPi has to have input (keyboard and
mouse) and output (TV or monitor) devices connected in order to be useable. The mitas:iig own

input (buttons and sensors) and output (the 25 LED display) devices built in. It can also have other ones
attached, such as buzzers, speakers and electronic components. In this section you will learn how. We will
start with the simple inputg the A and B buttonsThe micro:bit has a very simple way of accepting inputs

from its buttons and using them to control the pattern of LEDs illuminated on the disBtayt a New

program. We will build a simple-4tate device which tells the microtbhihat to display

(a) when no buttons are pressed:
(b) when button A is pressed: ﬂ
(c) when button B is pressed: ﬁ :

(d) when both buttons A and B are pressed.

Here is the complete program:

Basic fi show leds

Input

Music

c/aaaen

Led
Loops

Logic
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Math

Radio

Advanced

BT Microsoft

The'showled®) o f 2 B4si) IO Yd yil®a @ f 2 ddp IORBSYFhgbuttonQ o6f 201 a |
‘InputQ 02 YY I ¥ R &,dhe led désplal BilFble bienKiunless either or both of the buttons are pressed.

See what happens to the emulator when you run the program. Note that it creates an extra A+B button!
WhenyouarK I LILIB S IA GBS @2dzNJ LINPANI Y + yIFYS fA1S 6t dzAK
Pusho dzii i 2y A PKSEQ | yR GNI yaFSNI AlG (G2 @2dz2NJ YAONRYOAG®
all of the buttons. Now you have the basic idea \&e see how the micro:bit can make decisions about

what to display based on its own sensors e Titst one we will try is the Liglit Sy & 2 NJp ¢CKAa Aa A
the actual micro:bit, but it uses a clever way to detect light intensity falling on thed?8isplay. (The
technical details ar@ere.) Start a new program and build the following one. Tightleveld o6f 2 01 A

Q)¢
N


https://lancaster-university.github.io/microbit-docs/extras/light-sensing/

InputQ Y Sy dzo wauk Betwhidh O alztN3b5 Ybu can simulate this by using your mouse to pull
GKS &8Stf2g 60fAYRQ dzLJ ' YR R2gy 2 @SN (BechusatheYeszit | (G SR
can have up to three digits, the display will scroll to show you itmellsted reading.

C forever

Basic :
B show number [ {3 light level
Input " EV( N 1000
Music
Led

I nans

Giwe your program a title such as "Light l&@dbownload it as the “microbitightf S @St PKSEQ FAf S
it to your micro:bit. Try moving it closer and further from a light source, or shine a torch at the display.

We willnow use a little trick to make thdightleveld S| &A SNJ (2 o@WRQ DX ROD AFA VK
MathQ YSydz | YR shgvwanBde Adif 20Q7 ® KS9 BA G G KS+Qy &YRAS/NIGR2 NE
64. If you use a calculator to do a divideesption you will usually get a decimal point in the answer. Try

dividing 156 by 64 and see what you get. Division on the micro:bit works rather differently. You only get the
gK2tS ydzYoSNI ol 1 dAYyGES3ISNRO LI NUf {25FR (16KASY iINSRSINI (1RM ¢
resulting program with the emulator. Now we see that atligvel of 156 produces the silegdigit 2on

the display. What are the only possible numbers this program can display?
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2+ pause (ms) 18608
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We can now merge this idea with ouwstate program, AT R ’
replacing thebuttonQ (i § &lightdevalOK (i \Bex « Siten G o g

GATE y26 AYQNRRdAZOShHHKS I
Variable) Y #hefalis a block calledake a

VariableQ g KA OK | ff2g8a @&20izkdn2 Ot  ———

Project®) | yopenyibo6t dzA K odzii2yaQ
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the Variable) Y S¢ledzbrightnessQ A y & iile$iQ R
the variable namandinsert the light levelQ I djiigeQ 6
blocks as shown. Ineachofthi€® of 2 O1 & bMNBNICK
block with anéqual) o6 f 2 O] LGB YS{ H® 6
variable namebrightnes©) I y R  SsRvalik toll,R&nd 3
in turn.




The completed

program is shown Basic
here. Check it works Input
using the emulator to

simulate changes in Music
light intensity. Led

But the logic is all Loops
wrong!!! We need

more leds when it gets Logic
darker, not lighter! Variables
So can you edit the Math
program to fix it? Now

you have not only Radio
created a program, but Advanced
also detected and =l Microsoft e

corrected an error.
¢CKIFIG LINRPOS&daa Aa OlFftftSR 6RS0dz33IAYIAQD { I @S &2 dzNJ LIN.
properly. Move the micro:bit so that the ligHevels change and check it works OK.

Congratulations You havebuilt your first Internet of Things devicesing the light sensor to switch on and

2FFT (GKS fSRa Ay (KS RAaLieladomatic systems tO switdkedr ightaog a i O dzNJ
and offas the lighf S@Stf OKIy3Sao . 2dz O2dzAZ R FddGF OK @2 dzNJ YA (
a smart rear lampl have saved my version of the corrected program on Dropbox withittkisCheck you

can copy this program to your computer, open it with the PXT editor and transfer it to your micro:bit.

Themicro:bit has severaensorsother than
temperatureor light which can be used to detect | [

motion. These include accelerometers and - EEEId to () ([ y rotation (°) (x| CHD RN
magnetometers which can be used to detect R 1L - |

gestures, collisions and direction. ThetationQ
block from the Input Moremenu can measure
the pitchforward and back) andollIside to
side) motion of the micro:bit. This program s
the micro:bit into a spirdevel

then & show string

else EA show string

So how does the program work? It continuously| [ e
checks the angle being returned by thpit¢chQ
sensor. Dividing this angle by 50 returnsatue for the variableitemQ ¢ KA OK @& 2 dz O2stzfwR NXB |
numbeQ O2YYlI YR FNBY (GKS .l aA0 0f201 P -danlMaWdaejust aiy
going to test whether thisiskJ2 a A G A @Sz yS3AF GA GBS 2NJ T SNB ylder o SN L
[ SOSET AT AUQDFRNIISRMEFS ¢ RRMFLIMrOM THelewe hdvda@iht g S R
pause before doing the job again. Yeantest this with on screen ealator by clicking the mouse

somewhere inside the image of theiero:bit at the top left. Check that you can get it to display each of

the 3 letters. So this imatherway to use the ricro:bitQ &  -in dehdors to control an output. It simulates

the way a smarphone or tablet senses the orientation of the waywhich you are holding the deviggand



https://www.dropbox.com/s/6qldqk5jy54fsyb/microbit-Light-sensed-LEDs.hex?dl=0

so is able always to display text in the right direction for you to read cle@hg.last example in this section
turns the micro:bit into another kind of instrumegta thermometerwith a difference. We will use the
variable’MinTemg£1o record thelowest temperature reached while the micro:bit is awake and sending.
This starts with a large number stored in it. Every time the tempegatensor records a value lowdan

the lowest reorded so far, we replace the value stored in the variablanTem with the current one,
saved initemQ You cartest the program with the emulator by sliding the simulated thermometer. Once
you have transferred the program to the micro:bit, you chatach it, attach batteries and place the
micro:bit in the fridge. Whe | take mine out after half an houifind the lowestvalue wass°C. 8 ny nice
bottle of white wine is probably just a bit too cold!

Basic

set (TN to WPEE
Input

set BiLZ1R# to [, ¢ temperature (°C)

Music =~
BRI en (< [ FinTenp -]

Led then Get MinTemp -~

show number [~ [LENE -
Loops E :

s pause (ms) 1000

Download

Logic

Can you edit the program to record the maximum temperature reachlesi?sgctit Will not doa micro:bit
much good byestingthis in a kichen oven! Can yodevelop a programvhich displays the current
temperature while also storing the maximumaminimum temperatures reached®lake itdisplaythe
maximumtemperaturewhen the A buttoris pressed and the minimum when the B button is presdtldce
your micro:bit in a plastic bag and leave it outside for 24 hours to check the max and min temeratures.

2. Connecting external devices

One of the micro:bit menus is calledlisicQ = 06 dzii  sp&akeNdd thé raicro/b itself.

& play tone PR for HERE I Input
Music
& ring tone (Hz) & play tone for
Led Plays a tone through pin “"P0"" for the given duration.
rest(x9)
Loops
beat .
Logic
tempo S Variables
change tempo by (bpm)
Math

set tempo to (bpm)

When you try to run the simple program to play a single note, the emulator suggests that you need to
O2yySOiG d6LAYNQ | YR 6 Db 3nGhe phdto belovidts: boidrikett ghSws 2 dithpie LIS | 1 S
black circular buzzer attached to the micro®Rir0 with a green cable and crocodile clipad to its GND

pin with a blaclcable. You could use the cralile clips to attacho the separate sections of the jack plug of
headphones orspeakers.



For £225 you can buy a readgnadejack plug
adapor from "Handy LittleModule<or for £5 4 !;ﬁ%?)‘: e
you can buy the Kitronikl1 power adaptor \ o V4 W
(bottom right) which has a built in buzzer 'R\ /7 1
connectedto the right pins.So now you can
build a range of alarms to display warnigigns
onthe led array asvell, as makingoises.

@ micro:bit B Projects - Blocks = JavaScript ? Help -3

Basic ¢ forever

LA brightness - RN NS
@, ght level |EED
@ if brightness - mn

Input
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Logic
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Could you use the temperature sensor to sound an alarm and flasht#f fiiga temperaturein the room
gets too highor too cold? This is, of course, the principle used by a thermostat to control the central
heating in a home, or the climate controlnmanymodern cars.

As well as external outputs, such as a buzzer, or bright/coloured LEDS, you can also attach external inputs
such as sensors. A very nice project to build an automated plant watering system is delserégerthis

uses an external moisture sensor to detect the dampness of the soil in a plant pot.Idibeoused to sound

an alarm so that you are prompted to water the plant. Bagtter still,the micro:bit could turn on a pump

to water the plant automatically. Theater sensorcosts £3and thepumpcosts £5.More tutorials and
suggestions are othis site /

Let@test the water sensorThe red lead is connected to |
3V, the black to GND and tlistue to pin PO.Here is the
simple code to check it works:

[ set to | analog read pin (FUED

shownimber | IETENS | €1 {0

il |



http://microbit-accessories.co.uk/shop/music/headphone-adapter/
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https://www.kitronik.co.uk/5610-mipower-board-for-the-bbc-microbit.html
http://microbit-learning.co.uk/bbc-microbit-plant-watering/
http://microbit-accessories.co.uk/shop/sensor/water-sensor/
http://microbit-accessories.co.uk/shop/output/water-pump/
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3. Designing a working systemsmartlighting

In this sectionwe will simulate woriaglike an electronic systems designéie will just use the micro:bit as

the smat control device. We will design a system in which a dimmable light emitting diode (LED) responds
to the amount of light falling on another electronic component called a light depeniksistor (LDR)This
simulates the automatic lighting system in a car or houBeese compoentsare widely available and quite
cheap. A very convenient resource for this kind of activity is ready made kit, such at the K@ronik
‘Inventor@ Kit for the BBC micro:bitostng£25. This consists of an "edge conne@tup which you plug

your micro:bit. This is connected to two parallel ravfins which you use to attackires. This is stuck on

a base board along with arbject called abreadboard with many holes in to allow you to place

components, like an LED, and connecting wirésephotogragh below shows page 24 of the tutorial with

0KS OANDdzA G RAIFINIY ¢S ySSR (2 o0dzAf RO hy GKS NA3
micro:bit plugged into the edge connector, with the battery boxed tucked away underneath. The coloured
leads slip ovethe 1/O pins connected to the iero:bit through the edgeconnectorand plug into holes in the
bread board. We are using three 1/O pins, 0, 1 and 2. Also tieadN +3V power pins. Tfiest test
compments are a pusbwitch, a potentiometefvariable resistor)a red LED and a #ibhm resistor

In thisfirst version we will use the potentiometer as a manual dimiswitch, like we used the A and B
buttons in earliest example.

Here is the prgram writtenin the airrent Microsoft PXT editor. |
havecalledi® 5A YYSNJ a6 A 1 0OKQ® R dzaS | GFENARIFotS Ol ff
stateQ téil &vhether the LED is switched on (1) or off (0). So th
first bit of code just tells the mro:bit to use the push switch
attachedto pin PO as &lip-flopCio change the state of the LED.

D
w
pul



https://www.kitronik.co.uk/5603-inventors-kit-for-the-bbc-microbit.html

