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By now we have met quite a few different lemost hardware products
which allow us (a) to monitor digital changes of state suchf @asswitch
or button, (b) tosenseand measure analoguelues such as distance or
light intensity and (c) to output digital signals to control physical device
such as an IIE buzzer omotor. We have also met several different
software systems to delop, test and download programs to these
products which contain the rules they are to use in sensing their
environment and controlling the way they respond.

Living objects such as animals and plants survive through their ability

respond to stimuli A perfect example is the way a sunflower turns to
find light. For a long time humans have attempted to mimic such
systems with machinery such as automatons. With my setamd pre
war Meccano set 8 and its clockwork motors | was able to build my ov
mini versions as a kid. My son grew up in a LEGO world in which
technical LEGO emerged with electric motors and plastic gears. My
grandsons have the benefit of both of these but now also with other st
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PICAXE.In this section we will have a look at some of the other new
tools available to theifand our)generation mcludmg Raspberry Pi, LEC
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There are many other devices £
which we could include but
LINR 6 | otfadd mich yeR.
One is the range of educational
devices called “graphical _
OF £t Odzf I (12 NEQ & dzCig
HP and Texas Instruments which '
interface to other kit for sensing 3 S :
and control, such as that made by Vernler Another are new pemtkdewces
for smart phones such abé very cheap Yo!Bot shown here

Before we dive back to the chips, breadboard and solder it might be sensible to think a bit more about what

we can learn from the different ways we have seen to send instructiottgtanicrocontrollers which are

the brains of these devices. Whichever we write them, the key programming structures we have ikt are

based on decisions such #sx then yQ'If x theny elsezQ Repeaty until xCand "Whilex doy. Herexis

something which can be tested to be true or false, ar@hdz are actions to be taken. Whether we use

code blocks like Scratch, drawings like flowcharts or text like Basic or Python it is the logical structure behind
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name of analgorithmQ This is derived from the name of th& @entury Rrsian mathematiciaMohammed

ibn-Musa alKhwarizmi whose work also gave risedigebrad6 b 2 G KAy 3 G2 R2 gAGK ! L

The keypoint isthat “codingby itself is thelow-level task of changintpe notation for an algorithm from

one g/stem to another, such as from a flowchart to Python, or from Scratch tA€#e have seen, a

system like Ardublocks can do that automatically to produce Arduino IDE code, ditto with PICAXE. The smart
bit is designing the logical flow of a processhia torm of an algorithm. Whether you call that
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designers, technologists, engineers and scientists is the ability to come up with the smart algeritivms

provide the intelligence for physical systems to perform useful taskskering withkitsis a great way in.
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12. Raspberry Pi and add-ons

One of the design featurasf the Raspberry Pi &sset of \ ) ) in
programmablegeneral purposénput and output(GPIO)ins available Advent“"es_y Pi’
for users to connect up for sensad-control applications. | have to RaS‘Pbeﬂ

admit to being neither a frequent user of my Raspberry Pis (I now
three), nor of having done nulh programming in Python.al have
to find my way alone just using the support | can find in print and or
line. So | had a good look at the Raspberry Pi SWAG website:
http://swag.raspberrypi.org/dnd chose what looked like a good bapk
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simple kitq¢ Adventures in Raspberry Pi Parts Kit for £14. | hooked t
my Pi to (a) a modern TV with HDMI input, (b) to the mains with a n  3wesomeProjots
USB power cable, (c) to a powered USB hub to drive the keyboard

mouseand (d) with a WiFi dongle to connect to my wireless broadband netwdhe kit contains a guide to
the pins which slips over them so you see which are the power, ground and other pins.
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Before getting going in Python you need to check you havé&REO utility library installed. So in the
LXTerminal window you typeudo aptget install pythorRPi.GPIG whichwill install the library if it is not
already there. | am assuming that you, like me, have a revision 2 board whose pins match théstempla
provided in the kit. The first task is to create the circuit on the left which just blinks a single LED. The kit
includes sets of wires with different kinds of connectors at their ends. The two shown on the left have pins
at one end which go into thioles in the breadboard. At the other end are sockets which slide over the
GPIO pins on the board. A GND pin is connected to the blue (negative) rail on the breadboard.
The kit contains 2 kinds of resistors. A 330 ohm resistor is [ . .
conneced from the Bue rail to the Eéole on the board. The :mgg: ErEIE;GPIO as GPIO
sho_rter leg of an LED is inserted m t'he D6 hqle, and the lon GPIO.setmode(GPIO.BCM)
leg in the D10 hole. A connector is inserted in the A10 hole

. ) .1 GPIO.setup(24, GPIO.0OUT)
and over the GPIO pin 24. So when there is power on pin 4 while True:

the LED will light.

Openthe Python IDLE3 editor, select FjIBlew Window and
enter the Pythomrogram to flash the LE@n Pin 24on and
off. Save the file asEDDblink.pyn the Documents folder.

GPIO.output(24, True)
time.sleep(1)
GPIO.output(24, False)
time.sleep(1)

In order to run the file we need to go back into the LixTiaal
to write some Linx code to run the file as a “supdzd S NI |

cd Documerd
sudo python3 LEDDblink.py
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You will need to use Control and C to stop the progragg-—

The next exercise in the book is to move the LED out
to pin 23 and to wire a push switch and another 330 ::
ohm resistor as input to pin 24. The boarghisvered g
by connectinghe 5VGPIQpin to the red positive
power rail of the breadbod ® hyOS 6SQf¢
connected the components weave to modify the
LEDblink program to make the output to pin 23 depe
on the state of the input on pin 2dnot exactly rocket
science!{ I S G KS LINPINIY I &

import RPi.GPIO as GPIO
import time
GPIO.setmode(GPI10.BCM)

GPIO.setup(23, GPI0.OUT) P TR

LA

GPIO.setup(24, GPIO)IN
while True:
if GP1O.input(24
GPIO.output(23False)

My photo shows the program running. Wheno-one is
pressing thébutton the LED is shining. But when it is
pressed, the LED does go ¢ftionestly! What hardware

el(S;?D:|o 23 T and software changes woulgdu need to make this circuit
. -0utput(23, True) into a Morse code sender using sound rather than light?
time.sleep.1)

Now | am beginning to get a little more confident with using both the Raspberry Pi and the GPIO pins |
thought | would hunt to see if anyone has managed to build tirgima Scratch environment. The answer,
2F O2dz2NASE A& aGeSaé¢o a@ D223ftAy3 tSR YSéoyBen a[ St N
Miller: nhttp://computers.tutsplus.com/tutorials/learshow-to-use-raspberrypi-gpio-pinswith-scratch-mac59941 While thebasic ideas
are still upto-date, the links are not. So afteb& more hunting | foundust the site | was looking for:
http://simplesi.net/scratchgpio/scratchiaspberrypigpio/. With more than a little trepidation | followed the instructions

Installing ScratchGPIO6 software on a Raspbemyti?Raspberry Pi connected to Internet

Use theLX Terminal windowo enter:wget http://goo.gl/xzJIz70 isgh6.sh

Once the installer halseen downloaded then just typeudo bash isgh6.sh
This instdk two new icons on the Desktop. The one we need is cAlgdO NI G4 OKDt Lhc Q 6 KA OK
added commands to read from and write to the GPIO pins. The pin numbering used has nothing to do with
that we just used with Python! Pin 1 is the first pmtbe left marked 3.3V and pin 2 is the first on the right
marked 5V. The pins down the Wfand side are numbered 1,3,5,7,9,11,13,15,17,19,21,23,25,27 and on the
right they are 2,4,6,8,10,12,14,16,18,20,22,24,26,28. In my example | am using thersaiteas for the
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your commands will have been saved to a list from which you can pick it up agairder to control the
LEDwiththepusb dzi 2y ¢S ySSR I (Sad O2YYlIyR auidextest oL F
using a green Operator block and a blue Sensing block. Use thevslidey & 2 NJ @ f dzZSQ ot 2 O
menu of sensors by clicking on the black down arrow. You should see a list of available output pins including
pin 10. We are lookinto see when the button is pressed, which is when pin 10 goes high. When it is low it
returns a value of 0, so we could test when it is equal to 1, or when it is greater than zero. So thanks to the
322R 2FFAO0Sa 2F daAiyYLX S GahideafddHorgadetting Osing tkeARdSpbeyPi 1 y 2
and its GPIO pins with Scratch 2.

In part 1 | mentioned theRaspberry Pi Educational Mandfabm the Computing At School group (CAS):
http://www.raspberrypi.org/caseducationalmanual/. YOU can find further suggestions for ways of using the GPIO pins
iKSNB® !y2iKSNI SEOSttSyid a2dNDS Aa (GKS aS02yR SR
Gareth Halfacreeittp:/imww.amazon.co.uk/RaspberriserGuide EbenUpton/dp/1118921666/ref=dp_ob _title bk

This has a chapt¢i6) on ‘Ade2 y . 2 NR& 7 2 Open Gotlctr

designed to be used in conjuimn with GPIO Buffered Outputs (-
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Switched-mode
Power Supply
5V at 2A

One which | came across is the RaspiRobot Bo: 5V 12C header

. Adafruit Di C ib
V2 from Monk Makes via Amazon at £17.50; A Disiay Compatie)
http://www.amazon.co.uk/Mak-MakesLtd-RaspiRobot

Version/dp/B0oKLIMDLY This slips over the GPIO pins GPIO Socket Mbtor

to fit neatly on top of the Raspberry Pi board. LS
You still have access to the GPIO pins, but now Rangefinder Socket
you also have further handy inputs and outputsctinnect forsense and
control. TheinstizOG A2y & G2 Ayadlftt GKS a2 ¥ frommb2import* py {AY
https://github.com/simonmonkiraspirobotboard2 It installs a library to be used with Pythor] import time

Power
Screw Terminals

2 ¢ so open IDLE and write your programsa New Window.The instdhtion m = RRB()
created a folder withirthe “home/pilirectorycalled rrb2-1.1Cirom where you | while Trie:
have been typing in the commands in the LXTerminal.ag®gour progranin rr.set_led1(1)
this directoryas e.g. "RProliBkCand run it from the command window with rr.set led2(0)
*sudo python RProbBlink.@yAsbefore, you will need to use Control and Cto | time.sleep(1)
interrupt the program. rr.set_led2(1)

rr.set_led1(0)
The tantalising thing about Simon MdBlsite is the cool stuff he has been doin  time.sleep(1)

with kit attached to the Raspberry Pi. The wmdge we used
to find how toinstall the softwareshows a robot vehicle
carrying a Raspberry Pi, a Raspirobot V2 board dadtary
pack with 6 AA batteries mounted on a bdsgard and driving
two motors like those we used with Crumble.

Now we really are getting down near thetty-gritty of bio-
mimicry. If theRPi is itbrain, then theSD card is its memory,
the battery box is itdungs and storach, the Raspirobot board
is itsnerve centre and heart, the motoend wheelsre itslegs
and the distance finder is itsyes! It can also us&ViFi or
Bluetooth to provide itvoice andears!
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Of course, the Raspberry Pi also speaks many langua L — :

. . lan Eyegg ==
It Corneg \l;\”th rll_mux’ Python (2 sn@la’ldkSCratCh zre File Edit View Perspectives Options Tools Window Help \"
installed but there are many other packages an mnoERN RN
languages availableseesome of the many at L] dedliy —i“; —J—\JJ =/ =J|
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Raspberry Connesuch as
http://www.raspberryconnect.com/raspbiaipackagedist/item/61-raspbian
educational

The CASRaspberry HtducationaManuakwas released
with two chapterswithheld ¢ oneon Greenfoot and the
other on GeoGebra. This was because at the time the
early versions of Raspberry Pi ran Jbgaed — a2 |
applications at an unacceptabslow rate.l hope you
can find time to explore GeoGebra whichais
remarkable project to make STEM tooéwvailablefreely
for all: http.//www.geogebra.org. The missing chapter from

the Educational Manual is available from:
https://www.dropbox.com/s/fw8I9wg0a767zl4/pi Heogebra virc.pdf?dI=0

. An example from it is showmere where graphs and
geometric figures can be drawn over an importethge.
Similarly the Arduino IDE can be found at: = =
http://www.raspberryconnect.com/raspbiaackagedist/item/62-raspbianelectronics- and once this is installed it will also work
with the Engduino as a "Lilypatevice. The only difference is that the Serial Roiools now has a
different name like: “/dev/tty/ ACMQ

In orderto make life a little
easier | have just invested i
a new Model B+ for £24.35

from: http://uk.rs-
online.com/web/p/processor
microcontrollerdevelopment

kits/8111284/.

engduino 3

This now provides 4 USB
ports and extra GPIO pins.
Here it is with the keyboard,
mouse, WiFi dongle and
Engduino all connecteit

UB portsand an Adafruit
strip over the GPIO ps.

While this is finedr home
use in place of a deglop
PC, there is also a smart
way to turn a Raspberry Pi
into a laptop for mobile
computing! The answer lies in what was a very experageessoryo go with a brand of mobile phone

which are no longer madethe "Lapack forMotorola ATRI®hone. They appear from time to time en

Bay(this link is toone costing £65.50 inc P&B)makesure thatA (i Qaision withan Englistkeyboard.

Unless gu are pretty confident with a soldering iron you might need to find a frieadntake yowp a

suitable cable!nttps://www.youtube.com/watch?v=yZkz a52i6s&feature=youtu.dehe phOtOS below show a model B

Raspberry Pi (not the new B+) attached to the Lapdock through the micro power USB, the HDMI and USB
ports. This gives us a spare port on the Raspberry Pi to which an Engduino has been connected. There are
also two USB ports on the Lapdock to which a memory stick and a WiFi dongle have been attached.
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You dof®2need a mouse or key board because the Lapdacka touckpad and its own keyboard.

The screen show the normal
programming tools: Scrat¢Rython 2,
Python 3, and the LXTerminal together
: with our new installations of Scratch
GPIO, Arduino IDE and GeoGebra. The Scratch preg@mmis for the LEGO WeDblars Crawle®

Anothero 2 NR L 02dza3Kd + gKAES : Cl OS¢
developed by a team from Manchester University
http://www.piface.org.uk/products/piface _digital' Thisnow has arupdated

versionwhich has yet to arriveut works in the same way
http://piface.qgithub.io/pifacedigitalio/pifacedigital.html

It costs £24.50 fron€PdFarnell After installingthe PiFace
Digitalio p&kage 6r either Python 2 or Python 3 you can use
its inputs and outputs in Python programs. But you can also

up Scratch to use these as well. Instructions are found at:
http://www.piface.org.uk/quides/scratch with pifacedigital/Gettin§tarted With Sc

ratch PiFace Digithl.
So that concludes this section which

has been entirely devoted tihe
Raspberry Pi and devices designed t
enhanceits use. There is a wide
community of users and developers
who blog frequently and continually
develop free anddr low-cost tools to
enhance itgange of applications.

For those who have come to rely on
Windows or Mac computers it does
take rather a lot of getting used to,
but it is clearly well worth the effort.
Once you have set up the hardware
and softwareyou plan to use, then its
Deskbpis just azag to use a|
Windows or Mac one.

The final section will be out shortly
and there are still some very cool nev
toolsto find our way around! o @i elementit
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