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ARDUINO: PREAMBLE

TODAY’S GOALS

▸ Appreciate DYI, the Arduino ethos and science on-a-
budget. 

▸ Create some basic electronic circuits 

▸ Become familiarised with Arduino IDE and language. 

▸ Use an Arduino to control simple systems.  

▸ Use an Arduino to measure solar module performance.



ARDUINO: PREAMBLE

ALSO

▸ We’re going to go on the roof 

▸ We’re also going to be trying to transmit current-voltage 
measurements via radio from the roof and across campus 

▸ We’re going to get a visit from Dr Bowman who 
distributes 3D-printed microscopes with an xy stage 
controlled by a Raspberry Pi. 

▸ We should tweet absolutely everything (with pics) and 
make Rob really really jealous…
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ARDUINO: INTRODUCTION

WHAT IS ARDUINO?

▸ An Italian project which wanted to 
make tinkering with electronics, as a 
teaching method, cheaper and 
easier.  

▸ Completely open source with off-
the-shelf parts. Genuino approx 
£20, clones/knock-offs between £2 
- £10.  

▸ Programmed in modified 
‘Processing’ language (basically C) - 
“programming in a visual context.”

wikipedia.org



ARDUINO: INTRODUCTION

WHAT IS ARDUINO?

▸ Terminology: Arduino is a brand 
name. They sell a variety of boards, 
with different sizes and features. 

▸ Most people buy Arduino ‘shields’ 
which mount onto a board to add 
features (GPS, WiFi, Bluetooth, 
SDCard slot, accelerometer, etc.). 

▸ Today we’ll be using lots of 
Leonardo boards and creating 
everything on breadboards. 



ARDUINO: INTRODUCTION

WHAT IS ARDUINO?

▸ In principle it’s just the ATMega 
computer chip in the middle 

▸ The chip interfaces with the input/
output pins 

▸ It interprets your code and 
executes
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ARDUINO: INTRODUCTION

WHY SHOULD YOU CARE?

▸ Arduino (or similar) is a cheap 
option. 

▸ Suitable for field measurements, 
lab measurements, process 
automation. Can be re-tasked. 
Often used for prototyping. 

▸ A fun and useful, if lonely, hobby. 
(See YouTube at various points 
throughout then day). amazon.co.uk

http://amazon.co.uk


ARDUINO: INTRODUCTION

WHY SHOULD YOU CARE?

<iframe src="https://player.vimeo.com/video/31007050" width="640" height="360" frameborder="0" 
webkitallowfullscreen mozallowfullscreen allowfullscreen></iframe>

▸ Arduino controlled R/F 
Lawnmower

▸ Ardustat 2 (Galvanometer) - 
90% cheaper than alternative

arduino.cc instructables.com

https://player.vimeo.com/video/31007050


ARDUINO: INTRODUCTION

WHY SHOULD YOU CARE?

▸ Arduino Plotter.   
 
(Think drawing, cutting, laster etching, probing).  
 
https://www.youtube.com/embed/2VFOU-WUQIY

https://www.youtube.com/embed/2VFOU-WUQIY


ARDUINO: INTRODUCTION

WHY I CARE
▸ 2013. Vienna, Austria. 
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ARDUINO: PROGRAMMING

A PROGRAMMING LANGUAGE AIMED AT NON-PROGRAMMERS

▸ Arduino runs off ‘Processing.’ 

▸ Syntax is very, very similar to C/C++. 

▸ Most of the work has been done for you. 
You just need to chose commands and 
assign values to variables (more or 
less…).  

▸ Programs can be no larger than the 
Arduino’s SRAM (Leonardo has 3KB).

image: wikipedia.org
amazon.co.uk

http://amazon.co.uk
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ARDUINO: PROGRAMMING

SIMPLE QUESTION QUATRE
▸ Has everyone downloaded the Arduino IDE? 

▸ arduino.cc 

▸ www.arduino.cc/en/Main/Software

▸ Has everyone downloaded the Arduino IDE?

http://www.arduino.cc/en/Main/Software
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ARDUINO: PROGRAMMING

BOOT CAMP
▸ Now it’s your turn.  

▸ Plug the USB into the Leonardo and your computer. 

▸ Write a sketch which outputs “Hello, World!” to serial. 
 
 

▸ If you have problems connecting or compiling, please let 
me know. 

▸ If you’ve finished grab a coffee…. 



THE REALLY 
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ARDUINO: PROGRAMMING

MISSION ONE
▸ In-front of you is an Arduino Leonardo, a breadboard (with 

an LED, a resistor and a button), a USB cable. 

▸ We’re going to make those breadboards light-up like the 
4th of July and let command know we landed okay. 

▸ Write a sketch which turns-on digital output to pin 13.

SECONDARY OBJECTIVE
▸ Modify the breadboard so that a button provides a 5V 

input to pin 4. Then modify the sketch so, when the button 
is pressed, it turns-on pin 11 for 10 seconds. 



CONTROL



ARDUINO: CONTROL

UNLIKE A PI
▸ An Arduino is a micro-controller, not a 

computer. 

▸ Ultimately you want to be using it to 
send/receive digital and analog signals. 

▸ It’s great at making things happen 
repeatedly (a stepper-motor moving at 
4KHz) but bad at numerical integration 
or displaying HD movies.  

▸ Everything else is like the LED but 
bigger, better, bolder…

image: wikipedia.org
raspberrypi.org

http://raspberrypi.org


<iframe width="560" height="315" src="https://www.youtube.com/embed/dTy0Qg_cY6Y?
list=PLXjYDPhN_K6uU0__wYsf7JRBtUE_kgbHk" frameborder="0" allowfullscreen></iframe>

BURGLAR DETECTOR

https://www.youtube.com/embed/dTy0Qg_cY6Y


ARDUINO: CONTROL

CONNECTING AN LCD

▸ LCD display 

▸ Don’t need to worry 
about how the LCD 
works.  

▸ Can just use the 
LiquidCrystal library 
(we just need to let it 
know which pins are 
for data).

https://www.youtube.com/watch?v=dZZynJLmTn8
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ARDUINO: CONTROL

MISSION TWO
▸ We’re expecting a radio message from command but have 

no way of displaying it.  

▸ We need to hook-up the LCD to an Arduino and test that it 
can display a character string. 

SECONDARY OBJECTIVE
▸ Tinker with the brightness and contrast. You should be 

able to find some spare resistors and modify the current 
going to V0. 
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ARDUINO: MEASUREMENT

MISSION THREE
▸ When the radio message comes in we’re going to need to 

return a status report. ‘Loud and clear’ won’t cut-it, we’re 
here to take measurements, damnit!  

▸ Connect the thermistor to your Arduino and take a 
temperature reading. Use the data sheet and, if necessary, 
adjust the value of your reading.

SECONDARY OBJECTIVE
▸ Make sure the sensor is working. Try and heat the 

thermistor by connecting more pins to the supply and 
increasing the current. 
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ARDUINO: MEASUREMENT

MISSION FOUR
▸ The radio transmitters haven’t been repaired yet, but Private 

Cave is close to getting them working. As reliable as he is, 
we’re going to want to make a backup of the data. Just in 
case…. 

▸ Use Python to interface with the Arduino and record 
anything it sends over. It should be running the same sketch 
as last time so we should get some nice temperature data. 

SECONDARY OBJECTIVE
▸ Modify the Arduino to start recording after the python 

script sends a command to the Arduino. Then collect the 
data. 

pyserial.readthedocs.io/en/latest/shortintro.html

http://pyserial.readthedocs.io/en/latest/shortintro.html


ARDUINO: MEASUREMENT

RADIO
▸ Let’s suppose we want to measure something but it’s far 

away (or there are hundreds to measure).  

▸ Really we want to have something automatically measure 
and then transmit the data to a base station.  

▸ We could do this over WiFi, telecoms or cabling. But these 
can get quite expensive, quite quickly.  

▸ Alternatively we can use radio frequency messages. 
Generally cheap. These can also be extremely long range.



ARDUINO: MEASUREMENT

RADIO
▸ For how radio’s work….  

▸ There are a lot of sources out there. Still a large hobbyist 
community. Sites like Wikipedia have days of information 
on radio, including design / circuits. 

▸ Most of you are probably vaguely familiar.  

(But we don’t need to make a radio. We could… But you can 
buy a receiver / transmitter pair for about £1 on Amazon (or 
other online shop incl. P&P).



ARDUINO: MEASUREMENT

A PLACE CALLED NEW ZEALAND

‣ And for a little bit extra you could even do this 

https://www.youtube.com/watch?v=zddC8rQasrg

https://www.youtube.com/watch?v=zddC8rQasrg
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ARDUINO: MEASUREMENT

MISSION FIVE
▸ The radio’s are fixed! We should be able to send and 

receive messages now. Command are transmitting and 
waiting for our replies. We should try to receive this first. 

▸ Take a receiver unit and connect it to the Arduino. Using 
the VirtualWire library get the Arduino to receive 
messages and display them on the LCD. 

OBJECTIVE #2
▸ Modify your sketch so that only messages which begin 

with your ID are displayed. 

pyserial.readthedocs.io/en/latest/shortintro.html

http://pyserial.readthedocs.io/en/latest/shortintro.html
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ARDUINO: MEASUREMENT

MISSION SIX
▸ Now we can receive messages, let’s check we can transmit 

between our squad.  

▸ On your LCD displays you should see a target and an 
instruction. You should do what it says and send that to 
your target. Format your messages (separate by “,”): 
 
TheirID ,YourID ,YourMessage………….

SECONDARY OBJECTIVE
▸ Have fun with this. 

pyserial.readthedocs.io/en/latest/shortintro.html

http://pyserial.readthedocs.io/en/latest/shortintro.html
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ARDUINO: ELECTRONICS

THERE’S ONLY ONE THING YOU NEED TO KNOW
▸ Honest….

V = I R 

▸ And maybe something about resistors in series and in 
parallel

R = R1 + R2 R = R1 + R2-1 -1 -1



ARDUINO: ELECTRONICS

THERE’S ONLY ONE THING YOU NEED TO KNOW
▸ Capacitors 

▸ Inductors 

▸ Transistors 

▸ Transformers 

▸ ICs 

▸ Amplifiers 

▸ Rectifiers

We’re not going to worry about 
any of this today. 

For more info:  

Horowitz and Hill 

The Art of Electronics



ARDUINO: ELECTRONICS

BUT WE WILL WORRY ABOUT
▸ Ohm’s Law 

▸ Voltage dividers 

You might want to worry about ‘the other stuff’ if you want to 
create something yourself, especially if you want to process 
non-digital signals.  

‣ That Geiger-Müller detector used: capacitors, transistors, 
rectifiers, ICs, amplifier and transformers. 



ARDUINO: ELECTRONICS

OHM’S LAW EXAMPLE
▸ Voltage across resistor is 2.5V 

▸ Resistor has a rating of 10 Ohms.  

▸ What’s the current going through the resistor? 

Yes, 0.25 Amps. But I knew you knew that….

image: wikipedia.org



ARDUINO: ELECTRONICS

VOLTAGE DIVIDER

▸ R1 = 10 Ohms. 

▸ R2 = 40 Ohms. 

▸ V(in) = 5V. 

▸ What’s V(out)?  

image: wikipedia.org

Yes, 4V…. 

Easy, right?
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ARDUINO: ELECTRONICS

MISSION SEVEN
▸ So getting the temperature is all well and good, but we 

came all the way to Bath to establish if a solar farm would 
be viable. We need to measure the voltage and the 
current. But one thing at a time…  

▸ Create a circuit which includes a voltage divider and 
measure the voltage before the resistors and at the divider 
output. Use the Arduino 5V pin as a power source.

SECONDARY OBJECTIVE
▸ Try and measure the output voltage of a solar cell. There 

should be a multimeter lying around - check your answer. 
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ARDUINO: ELECTRONICS

MISSION EIGHT
▸ *Clap. Clap. Clap*. Great, that’s a voltage. But what about a 

current? We need that to work out the power. 

▸ Modify your circuit to measure the current across a known-
resistance. If you measure near the solar cell’s output you 
should have an output voltage. Calculate the power output 
of the cell. 

OBJECTIVE #2
▸ Transmit your voltage, current and calculated power to base 

(begin with code: 0, followed by your code, separate by 
comma). There is a prize & this is your course assessment.
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ARDUINO: FIELD TEST

MISSION NINE
▸ Well done. You can now measure the power output from a 

solar cell indoors!  

▸ Go to the roof. Inspect the solar module test site and check 
on the current and voltage. Then arrange yourself as relay 
bacons and transmit the data from the roof back to the lab. 

NOTE
▸ This might not work. Make sure you keep the next beacon 

in line-of-sight.



ARDUINO: FIELD TEST

BRIEFING

1

2
3

4

5 6
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ARDUINO: FIELD TEST

DEBRIEF
▸ Thank you all for your attention. I hope you all found today 

useful and could find a place for Arduino in your lab & life.

NOTE
▸ Remember to fill-out the feedback for #Mod_Bath. While 

it’s fresh in your mind could everyone send a few words 
and a score out of ten to receiver 0. 

▸ Don’t include your group ID. 


