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Welcome to

Drones are everywhere. And while the term ‘drone’ may have 
picked up negative connotations due to its use by the media when 

reporting on the role they play in the military, nowadays drones have 
become part of everyday life for so many people. As prices have 
dropped and availability has increased, the range of affordable 

drones on offer to people has skyrocketed, meaning anyone can get 
involved and start flying today. 

In this book we’ll take you through all the basics, and examine some 
of the best drones and accessories on the market. You’ll then find 
inspirational guides to show you what you can do with your drone, 

and even build your own. On top of that, discover the amazing ways 
drones are being used today and how they are changing the world, 

from protecting wildlife to mapping the world. You will find that 
throughout this book we’ve also referred to quadcopters and UAVs, 
but in general we’ve included everything under the umbrella term of 
a drone. And one final thing to bear in mind: it’s important to always 

stay safe and know the laws related to flying drones, so we have 
included a feature on that very subject inside. So let’s get started 

and uncover what the wonderful world of drones has to offer so you 

                  

DRONESTHE

BOOK

©Lily





Imagine Publishing Ltd
Richmond House
33 Richmond Hill

Bournemouth
Dorset BH2 6EZ

% +44 (0) 1202 586200
Website: www.imagine-publishing.co.uk

Twitter: @Books_Imagine
Facebook: www.facebook.com/ImagineBookazines

Publishing Director
Aaron Asadi

Head of Design
Ross Andrews

Production Editor
Hannah Westlake

Senior Art Editor
Greg Whitaker

Photographer
James Sheppard

Printed by
William Gibbons, 26 Planetary Road, Willenhall, West Midlands, WV13 3XT

Distributed in the UK, Eire & the Rest of the World by 
Marketforce, 5 Churchill Place, Canary Wharf, London, E14 5HU 

Tel 0203 787 9060 www.marketforce.co.uk

Distributed in Australia by  
Network Services (a division of Bauer Media Group), Level 21 Civic Tower, 66-68 Goulburn Street, 

Sydney, New South Wales 2000, Australia Tel +61 2 8667 5288

Disclaimer
The publisher cannot accept responsibility for any unsolicited material lost or damaged in the 

post. All text and layout is the copyright of Imagine Publishing Ltd. Nothing in this bookazine may 
be reproduced in whole or part without the written permission of the publisher. All copyrights are 

recognised and used specifically for the purpose of criticism and review. Although the bookazine has 
endeavoured to ensure all information is correct at time of print, prices and availability may change. 

This bookazine is fully independent and not affiliated in any way with the companies mentioned herein. 

The Drones Book Second Edition © 2016 Imagine Publishing Ltd

ISBN 978 1785 462 412   

                  

DRONESTHE

BOOK

bookazine series

Part of the 



 8  DRONE CAM
Inspirational images taken by drones 
and of drones in action

 18  GETTING STARTED WITH 
YOUR DRONE
Understand the basics and fi nd out 
how to buy, fl y and maintain your drone

 30  ESSENTIAL DRONE 
ACCESSORIES
The must-have kit that everyone 
needs to invest in 

 34  TOP 10 DRONES
Discover the fantastic range of drones 
currently on the market

  46   BUILD YOUR OWN DRONE
Get hands-on and fi nd out how to 
construct your very own quadcopter

 52  GETTING STARTED 
WITH FPV
Upgrade to fi rst-person view and fl y 
your drone in style

 90  HOW NOT TO GET 
INTO TROUBLE
Understand the rules and make sure 
you don’t break any laws when fl ying

 94  10 AMAZING WAYS 
DRONES ARE BEING USED
See how UAVs are deployed for an 
incredible range of tasks

 98  HOW DRONES ARE 
CHANGING THE WORLD
A fascinating look at the roles drones 
are playing in the world today 

 138  THE FUTURE OF DRONES
How will new advances in technology 
shape the drones of the future?

 

GET STARTED 
WITH FPV

52

HOW 
DRONES 
ARE 
CHANGING 
THE WORLD

98

6  THE DRONES BOOK

CONTENTS
What’s in the bookazine and where 

BUILD YOUR 
OWN DRONE

46

©
H

ub
sa

n

©
R

om
eo

 D
ur

sc
he

r /
 D

JI



THINGS TO DO 
WITH YOUR 
DRONE:
 60  PHOTOGRAPHING & 

FILMING
Learn how to create 
professional-looking videos 
and photos with your drone

 66  RACING WITH DRONES
Supercharge your drone and 
battle it out to find out who’s 
the fastest

 72  FLYING FOR FUN
Master the basics of flying, 
teach others and get the whole 
family involved

 78  DELIVERIES, ERRANDS 
& MORE
Find out how drones can make 
your life easier and undertake 
essential tasks

 84   EXPLORE WITH 
YOUR DRONE
Get a whole new perspective 
and explore the world like 
never before

HACKER DRONE:
 146  PROGRAM A RASPBERRY 

PI QUADCOPTER
Discover how this mini-computer 
can help you build and program 
your own drone

 152  PROGRAM A DRONE’S 
FLIGHT PATH
Code a set path for your drone 
and explore the world of 
autonomy

 156  CONTROL YOUR DRONE 
WITH A JOYPAD
Connect your drone to a PC and 
navigate it during fl ight using a 
simple joypad

THE FUTURE 
OF DRONES

EXPLORE 
THE WORLD 
WITH YOUR 

DRONE

138

ESSENTIAL 
ACCESSORIES

30
GETTING 

STARTED 
WITH 
YOUR 

DRONE

18

84

THE DRONES BOOK  7

never before

EXPLORE 
THE WORLD 
WITH YOUR 

DRONE

84

TOP 10
DRONES
page 34

©
N

AS
A 

La
ng

le
y/

D
av

id
 C

. B
ow

m
an

©
S

ta
cy

 G
ar

lin
gt

on
 / 

D
JI



8  The Drones Book

Gallery

FEAST YOUR EYES ON THIS 
SELECTION OF JAW-DROPPING 
IMAGERY OF DRONES IN ACTION 
AND BREATHTAKING PHOTOS 
THEY’VE TAKEN FROM THE AIR
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l  A panoramic 
view of the 
Hawaiian island 
Maui surrounded 
by crystal clear 
waters taken by 
a DJI drone
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●  Drones like this are 
ideal when you’re 
looking to explore or 
photograph remote 
locations or hard-to-
reach places
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●  Drones can even 
be used to snap 
a bird’s eye view 
of actual birds, 
as this eagle 
action shot 
demonstrates

●  An adult whale and 
its calf photographed 
swimming beneath the 
waves using a DJI drone 

©Capungaero/Dronestagram 
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l  Drones can be used to capture 
otherwise-impossible 
images, as shown by this 
group shot on the observation 
deck in front of the Christ the 
Redeemer statue in Rio de 
Janeiro, Brazil 
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●  A DJI drone 
helped capture 
this artistic 
overhead shot 
of a maple tree 
shedding its 
bright red leaves
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●  A Spitfire (left), a Typhoon (centre) and 
the Taranis demonstrator drone (right) 
show the evolution of aerial technology



THE DRONES BOOK  15

l  The Parrot AR.Drone, controlled using Parrot’s 
dedicated app, can be used to capture images as 
well as do battle against other AR.Drones ©
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●  This shot of Ashlett 
Creek looking out 
over the waters in 
Southampton, UK, 
was captured using 
a DJI Phantom 2 and 
GoPro Hero3
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You might have heard of drones in the 
past, but now suddenly you’re able to 
buy them! It’s not uncommon to watch 

a video shot from a drone and immediately 
want to do the same yourself. As you’ll have 
discovered by now, there are so many uses for 
drones that more and more are being thought 
of every day, and in addition to their practical 
uses, they’re also fun devices to play with. 

With great fun comes a great range of 
choices to make. Quadcopters, multirotors 
and unmanned aerial vehicles (UAVs) are 
serious tools with specifi c uses and benefi ts. 
Every type has different advantages and 

disadvantages, but they all share the same 
issue of security. You won’t be allowed to fl y a 
drone over Downing Street, for example, but 
you need to understand why this is so.

If you ever visit London, you might notice 
that police and medical helicopters are 
allowed to fl y wherever they need to, but 
commercial and private aircraft are heavily 
restricted to certain routes, and must avoid 
specifi c areas. Pilots need to know these 
things, and you are now a pilot.

You also need to learn how to fl y your drone. 
It might sound obvious, but it is very important, 
and will take time. You must understand what 

your drone is capable of and practise fl ying it. 
Fortunately, it can be very enjoyable to just fl y 
a UAV around your garden and then up out over 
your neighbourhood.

Once it is airborne, you could fl y your 
drone up to check out storm damage on your 
chimney, for example, or check out those hard-
to-reach ledges and gutters without spending 
money on scaffolding. If foxes are getting 
into your garden, you could fl y the perimeter, 
looking out for where they are coming from. 
You could drop items off to your neighbours, 
although you’ll need to be aware of what’s 
permitted in your specifi c region or location. 

GETTING STARTED 
WITH YOUR DRONE
Find out how to buy, fly and maintain your drone, as well as 
how to get involved in online and real-world communities 

18  THE DRONES BOOK
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 “YOU MUST 
UNDERSTAND 

WHAT YOUR 
DRONE IS 

CAPABLE OF 
AND PRACTISE 

FLYING IT ”
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One of the most exciting uses 
of any drone, though, is video 
capturing. If you do check out your 
house’s gutters, you can set up 
the drone so its cameras send you 
live images. They can also record, 
though, and in remarkable quality right 
up to 4K. Imagine replacing dull estate-agent 
photographs with a two-minute fl yby around 
your house.

All of this has now been made possible 
because of recent technological advances, 
such as lightweight but strong materials, 
powerful enough batteries, digital remote-

control units, 
and also the 

miniaturisation 
of computers, which 

means that drones can be 
exceptionally adaptable.

Thanks to these developments, 
ordinary people are now able to have a go at 

fl ying quadcopters for themselves. Perhaps 
one of the most exciting things of all is 
discovering endless new uses.

You might be surprised to hear that drones 
are both affordable and widely available. You 
just need to make a few decisions when it 

comes to choosing one, because the types 
differ signifi cantly. You will fi nd that what’s 
best for someone else might not suit your 
individual needs.

If you are a hobbyist, you could build your 
own drone, and would undoubtedly fi nd this a 
fun and rewarding process. However, if money 
is an object, it would be cheaper to buy one. If 
you do purchase a drone, though, bear in mind 
that some will need more assembling than 
others. The size, power and number of rotor 
blades are also important, because they affect 
what you can do, how you can fl y the drone, 
and also what all this will cost.



Drones are now common enough that 
there are stores that stock them and, of 

course, online shops that sell different types. 
The differences can be as obvious as cost and 
manufacturer, but more importantly affect 
how much work you have to do. You’re not likely 

to ever be able to fl y a drone home straight 
from the shop. There are some that need 
assembling, and some that just need their 
batteries charged up fi rst.

Drones are highly complex devices that rely 
on so many different parts. The more your 

interest and hobby develops, and the more 
experience you gain, the more you’re going to 
be aware of these components. You’ll no doubt 
start off buying a complete drone, but later on 
you might prefer to assemble one yourself in 
order to get precisely what you need.

THE TYPES OF DRONES

BNF
● This stands for Bind-N-Fly. These drones 
are always sold as complete quadcopters 
or UAVs, but they don’t usually include the 
controller. That’s the key difference between 
an RTF and a BNF. With this type, you need to 
separately buy your own handset controller.

You could interpret this as being a way of 
making a drone cheaper. It’s not necessarily 
ideal for a complete beginner, but as you get 
more experienced and try out different models, 
a BNF is handy. It’s usually always a complete 

drone, and you might be able to use your old 
controller. That’s not guaranteed but, in theory, 
you could keep the same controller forever and 
use it with many different drones. In practice, 
not all controllers work with all drones, but you 
could easily buy alternative ones if you fi nd you 
need to. 

Anyone can buy a BNF but, given that its big 
benefi t is your re-use of an old controller, it’s 
probably for someone who has already fl own 
a drone.

RTF
● RTF means Ready To Fly. It means that you 
can be up and fl ying very quickly indeed. It 
doesn’t quite mean that the drone is ready to 
fl y out of the box, though. If your bus home is 
delayed, you cannot simply fl y it home to tell 
your loved one. Nor can it deliver itself to you 
direct from Amazon.

What it does mean is that you’ll be able to fl y 
it more or less as soon as you have removed its 
packaging. More likely, you will need to charge 

up the drone’s batteries fi rst. You’ll perhaps 
need to put on the rotor blades and bind the 
drone with the handset. Binding is like the 
pairing you do with Bluetooth devices.

Nonetheless, RTF drones are a good choice 
for beginners, because they mean you can 
fl y the UAV sooner rather than later. They can 
be more expensive, though, because they’re 
aimed at a broader range of users and are 
capable of doing lots of things.

ARF
● As RTF stands for Ready To Fly, ARF means 
– you guessed it – Almost Ready to Fly. The 
only problem with this term is that the word 
‘almost’ can be quite subjective. The one thing 
that you can guarantee is that you will need to 
work on the drone before you can get it up and 
running and airborne.

Beyond that, it can mean as little as 
needing to assemble it. You don’t usually get 
a controller or the transmitter/receiver for the 
drone to be controllable. 

So, an ARF kit might not include the fl ight 
control computer that makes fl ying the drone 
physically possible, and it might also leave out 
the motor, but you do get a nice box. 

This isn’t really aimed at a beginner. You’re 
more likely to choose an ARF drone if you’re 
a hobbyist who will enjoy learning how to 
assemble and pilot a fl ying machine. You’d also 
opt for an ARF if you’re an existing drone user 
and therefore already have parts and know 
how to transfer them to the new machine.©Jörgens.mi

PICKING THE BEST FOR YOUR NEEDS AND BUDGET

20  THE DRONES BOOK
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You could go on Amazon right now 
and take your pick from more than 

700 different drones. However, you might 
encounter a problem when it comes to 
choosing which one to buy, as you will be 
swamped with jargon and reviews. 

Quadcopters cross lines between 
electronics, hobbyist products and, in some 
cases, even toys. So, high-street stores that 
sell any of these could also sell drones. The 
electronics company Maplin, for example, 
offers a number of UAVs, but not every store 
will necessarily have every product. 

Once you have an idea of the type of drone 
you want, and the amount of money you can 
afford to spend on it, use online sites to narrow 
down your search. Read the reviews on these 
sites, but remember to read them with a pinch 
of salt; cheap UAVs might get poorer reviews 
for not being top of the range, while state-of-
the-art drones might also receive criticism 

for being expensive. It’s not entirely the case 
that you get what you pay for, but you need to 
know that not all buyers will be as prepared 
and researched as you are. Many people 
buy the fi rst drone they can afford, and don’t 
appreciate that there are differences in terms 
of what each type is useful for.

You also need to look at what type of camera 
comes with the drone, if any. The cheapest 
drone not only won’t come with a camera, 
but you also won’t be able to fi t one to it. Mid 
and even low-price drones will include basic 
cameras, but many people will want the same 
picture quality that you see on YouTube’s 
collection of drone videos. If this is the case, it 
means getting a more expensive camera.

What is often overlooked is getting a drone 
with a gimbal. This is a mount like a miniature 
version of the ones used in aerial photography. 
It offers the camera a wide range of movement, 
and also enables it to move smoothly. All 
rotorcraft vibrate, and helicopters have tail 
rotors specifi cally to stop the entire machine 
being fl ung around in the opposite direction to 
the main rotors. Gimbals even that out.

UAVs are cheap in the sense that they are 
affordable, but not cheap in the sense that you 
can’t casually keep buying them until you fi nd 
one that you like. Take your time thinking about 
what you will actually use one for, and at the 
very least try to talk to someone who already 
owns and fl ies drones.

BUYING YOUR 
FIRST DRONE
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WHAT TO BUY AND WHERE TO GET IT

 “THERE ARE SIGNIFICANT DIFFERENCES IN 
TERMS OF WHAT EACH IS USEFUL FOR ”   

● Decide on the type 
of drone that would suit 

your needs, then think 
about how much you 

can afford to spend

THE DRONES BOOK  21



ANATOMY OF A DRONE
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ONE MACHINE, SO VERY MANY COMPONENTS
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BATTERY
●  Your drone isn’t going 

anywhere without a charged 
battery. This is perhaps the most 
limiting element you’ll face. Fully 

charged ones will typically only 
power the drone for 20 minutes

LANDING GEAR
●  In this example, the landing gear is an extension 
of the boom, but you can have more elaborate 
ones. They let the drone set down on the ground 
without anything hitting the rotors or body

ROTORS
●  You’ll see they’re 
twisted slightly. Rotors 
are not straight; they are 
shaped exactly like aircraft 
wings, and for the same 
reason. Their shape affects 
air flowing over them and 
that is what produces lift

SHELL
●  Unless you crash your drone very 
neatly, you will usually just see this 
shell. It is the casing; the fuselage of 
the UAV. Bright colours really help you 
spot this from a distance

GETTING STARTED WITH YOUR DRONE



5 Essential 
safety tips

01 Always ensure you never fly your 
drone anywhere near people’s 

bodies and faces.

05 Follow instructions for recharging 
Lithium Polymer batteries. They 

need greater care than regular ones.

04 Don’t risk flying unless you see 
weather conditions are good, and 

you know that this is going to continue. 

03 Remove the rotors when you’re 
not using the UAV. Take them off 

and there is little the UAV can do.

02 Be sure you’ve switched off the 
drone’s motor before you switch off 

the controller handset or remove batteries. 
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 “ GPS KNOWS 
WHERE YOUR 
DRONE IS, AND WILL 
MAKE DECISIONS 
BASED ON THAT ”   

BOOMS
●  The arms of your drone are 
crucial. They have to be light 
but strong and thin enough to 
not get in the way of the rotor’s 
downdraft. Length determines 
stability and manoeuvrability too

BODY
●  The core of your drone is this 
hub; all the physical elements 
connect to this, which is always at 
the centre of gravity of your UAV. 
Rotors, landing gear and computer 
controls connect here

FLIGHT CONTROLLER
●  You have positive flight control, 
so you choose where the drone goes, 
but this unit handles the conflicting 
pressures and strains to keep the 
flight stable at speed and in wind

GPS AERIAL
●  Hopefully you can always see where your 
drone is, but with GPS it knows exactly, and 
will make decisions based on that. It may also 
record GPS data along with your video



BEFORE YOU GET STARTED

ENSURE IT’S LEGAL
●  THE LAWS SURROUNDING drones are constantly changing 
and being readdressed. One of the most important things to 
do before you even take your drone out for the fi rst test fl ight is 
to do some research and understand the basic laws regarding 
fl ying a drone in your country. Ignorance is not an excuse, and 
you don’t want to get on the wrong side of the law before you’ve 
even got the most out of your drone. There are limits to where 
you can fl y, especially near people, airports and military bases, 
so check before you head out and about. Use your common 
sense and always make sure you’re abiding by the rules.

KNOW YOUR BOUNDARIES
●  THERE’S A REASON so many stunning drone videos are of landscapes: 
you cannot fl y one within 150 metres (about 500 feet) of a congested area. 
Similarly, you cannot fl y one within 50 metres (around 160 feet) of an 
individual. There’s also a weight limit: the drone must be less than 20kg (44lbs). 
Also, if you are doing any fl ying for commercial reasons, like fi lming a pop 
video, for example, you’ll need a licence from the Civil Aviation Authority.
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ONE MACHINE, SO VERY MANY COMPONENTS

WHAT YOU MUST ALWAYS CHECK FIRST

PICK 
YOUR SPOT
●  YOU’RE NOT GOING to fl y your 
quadcopter around your kitchen. When 
you take it outside, though, the UAV must 
remain within your sight at all times. 

That’s specifi cally within your unaided 
eyesight. It’s an easy rule to understand: 
if you can’t see your drone without 
binoculars, you’re in the wrong. The rule 
of thumb is that you are limited to 500m 
(1,640ft) horizontal distance and 400ft 
altitude. (Note that the Civil Aviation 
Authority lists altitude in feet, and 400ft 
is approximately 122m.)

24  THE DRONES BOOK
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Label 
your UAV

Label the drone with your name and 
phone number. Your quadcopter could 
blow away in the wind. If your controller 

battery fails or there is some 
unexpected obstacle between you 

and the drone, you could lose 
signal and therefore 

control.



TRACK THE WEATHER
●  TH ERE’S ALSO A reason those stunning drone videos show perfect weather 
conditions. You can’t fl y a drone in the rain (these are electrical devices you’re putting up 
there), and you must not fl y through clouds.

Sunshine and rain are easy to spot, but wind speed is harder. Drones vary a lot, but 
typically if wind is below 28mph (45km/h) then most drones will fl y. Some can handle 
40mph (65km/h) winds, but no matter what drone you have, you’ll struggle to get decent 
video when fi ghting against strong winds.

CHARGE YOUR 
CONTROLLER
●  WITH ALL THE concentration on battery 
power for the quadcopters themselves, 
you can forget that your controller actually 
needs it as well. If your controller fails while 
your drone is aloft, that drone is going to 
keep on going until its own battery dies and 
it falls from the sky.

Granted, that’s a worst-case scenario, but 
avoid any potential problems by taking extra 
AA batteries for your controller. You could 
also practise changing them quickly, so 
you’re confi dent should you ever need to.

TEST THE CAMERA
●  YOU KNOW YOU can use drones to do many things now, but perhaps one of the best is for 
aerial video, and that is completely wasted if your recording doesn’t work.

Some UAV cameras will just transmit video back to your phone to record there. However, 
high-end ones stream back so you can see what they’re fi lming, as well as record up to 
4K quality video on board. Make sure you have a completely empty SD card, then test it to 
check it’s working before you pull off a fantastic aerial fl yby that doesn’t get recorded.

WATCH YOUR TIME
●  YOU’RE CONSTRAINED ON how long 
you can keep a drone aloft, but it’s not due 
to legal concerns; it is in fact the limits of 
battery technology.

We couldn’t do it without them, but 
batteries are also holding back UAVs. 
Batteries powerful enough for a drone’s 
rotors are heavy, so you need more power to 
lift the drone.

At present, you can expect to get around 
of 20 minutes’ fl ying time per charge. 
Professionals keep it to around ten and 
carry many, many spare batteries that they 
swap in for the rest of the shoot. The best at 
present are Lithium Polymer (LiPo).
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 “ WE COULDN’T DO IT WITHOUT THEM, BUT 
BATTERIES ALSO HOLD BACK UAVS  ”   
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THE BASICS OF FLYING

 Crash occasionally
●  IT’S GOING TO happen, so learn how to 
get it right by letting the drone crash from 
a small height. You’ve got to learn how to 
quickly recognise when a crash is going 
to happen, then switch off the throttle 
straight away. 

The blades will still spin for a while, but 
they will do less damage to themselves and 
other people if their power has been cut.

This is so important that lesson seven of 
learning how to fl y a full-size helicopter is 
about doing exactly this.

Beat the wind
●  THE WIND WILL always win, but you can 
make it work for that victory by learning 
how to counteract sudden gusts. Gusts 
come from one direction at a time, so if 
you are buffeted from the right, then you 
should fl y to the right; fl y into the wind 
that’s moving the drone. 

You’ll know when this is necessary, 
as you’ll feel your loss of control even 
quicker than you can see the effect on your 
quadcopter. Just also be very aware that 
your best option may be to land the UAV.

Know your equipment
●  THE WAY YOU control your UAV is not 
as black and white as you might imagine. 
Check whether the drone that you have 
bought comes with auto-levelling controls. 
If it does, then as soon as you have tilted 
the UAV in any direction in order to change 
course or pick up speed, the drone itself 
will tilt back and get on the level.

You are able to switch off auto-levelling 
when you want greater precision controls. 
However, it also handles one of the hardest 
jobs in fl ying, so it is advisable to keep it on 
if possible.

Roll, Pitch, Yaw
●  FLYING COMES WITH different axes 
of movement. If you get your UAV to tilt 
up and down, that’s its pitch. Slightly 
turning it toward the left and right is called 
controlling its yaw. Then, imagine wiggling 
your quadcopter; that’s its roll. 

These movements are signifi cant both 
for what they are able to do and how 
you need to control them. Pitch the UAV 
forward and it will go faster, for instance, 
because the rotors are pushing it along, but 
you could also pitch it into the ground if you 
get it wrong.

Hover your drone
●  WHEN YOUR DRONE is close to the 
ground, the downdraft from the rotors is 
refl ected up, and makes it hard to keep the 
UAV steady. Raise it to 1.5m (5ft) and then 
practise holding it still. This is known as 
hovering and you won’t manage it at fi rst.

You may not manage it for a long time, 
but practise from the start because when 
you do get it, it is supremely useful. As 
diffi cult as hovering is to do, it means your 
UAV can get steady video shots and is 
totally under your control.

Take short hops
●  YOU’LL BECOME VERY weary if you 
spend all your time learning to hover, so 
make sure you alternate that with learning 
short hops.

If you’re in a garden, try to fl y the UAV 
to a bench or a particular open patch 
of ground. You’ll be learning the core 
controls of turning left and right, moving 
up and down, forward and back. They’re 
essentials to learn and practise, and if you 
do them in short hops, the worst that can 
happen is that you have to walk over and 
pick it up.
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YOU’RE THE PILOT OF AN AIRCRAFT NOW
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Your drone is subject to enormous 
stresses. Each of its rotors is really 

trying to spin the entire machine and, 
although having four or more of them 
cancels that out, it strains the entire 
airframe. Drones have to be light too, 
so there are limits to how strong they 
can be, and if you want to keep your one 
working well, you need to know how to 
maintain it.

There are two things you should 
always do: check the batteries and bring 
spares. Batteries decline in power over 
time and if they are not handled well, 
so get used to having spares when you 
can and making sure you use them 
fully. That’s harder in a drone than, say, 
a mobile phone because leaving them 
on means leaving the device fl ying. Do 
what you can, though, and that includes 
regular cleaning of the contact pads 
between the battery and the UAV. 

Bring spares of anything you can. 
There’s little point keeping spare shells 
or bodies because, if they are damaged 
in a crash, then the odds are so is 
everything else. Rotor blades are an 
essential spare, because you will get 
through several of those.

It’s going to be obvious when a blade 
has broken off in a crash, but they can 

also develop cracks. Test for those by 
feeling across them, and also by fl exing 
the blades between your fi ngers. 

Before you fl y, inspect your UAV. Every 
pilot in the world does a walk-around 
inspection of their aircraft before fl ying 
it; it’s considered their responsibility. 
In your case, you’re looking for any 
damage to the landing gear, or warning 
LED lights on the fl ight computer or GPS 
equipment. You’re also looking for any 
damage to the gimbal mount that holds 
the camera; it’s not a lot of use fl ying a 
drone if it’s going to drop the camera.

Keep a track of how long you fl y the 
drone for. Again, aircraft and helicopter 
pilots do this and are required to, but 
it’s also an important guide for your 
maintenance. Your battery will be rated 
for so many uses and, while typically 
every battery lasts for many more goes 
than that, the usable fl ying time you’ll 
get will decrease.

At regular intervals, such as every ten 
fl ights or few weeks, open up the drone 
and clean inside. See if you can rotate 
the rotors by hand without any diffi culty 
or feel of the blades catching. Then, 
when your fi ngers are clear, fi re up the 
motor and listen for any unusual sounds 
that could reveal wear and tear. 

MAINTAINING 
YOUR MACHINE

Start small
●  YOUR QUADCOPTER IS an aircraft and 
you are in charge of it. The computers 
in modern drones save you from many 
diffi culties, but they have their own 
challenges you’ll have to learn to handle.

Go out into a garden and place the drone 
on the ground with the front (where the 
camera is) facing away from you. 

Then, start the motor and gently 
increase the throttle until the UAV rises off 
the ground. Just take it a few inches off the 
ground and hold it there.

Try a selfie
●  YOU ARE ABLE to buy drones that will 
lock on to the GPS signal from your phone 
and basically fl y around you like your 
personal camera crew. However, selfi es 
are great to take because they require 
precision controls.

Remember that you are remotely 
controlling the UAV. When you point it at 
yourself, its left and right are the opposite 
of yours. Its forward and back are the 
opposite of yours. Selfi es are fun, but 
they’re also brilliant at getting you to 
practise using fl ying controls.
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Not everyone has caught the quadcopter 
bug yet, but so many people have that 

you will be able to fi nd someone out there 
who has answers to your questions.

They’ll have them because they’re likely to 
have been through the issue you’re facing. 
Groups are brilliant for offering information on 
the different types of drones and the best ways 
to use them. You’ll fi nd that there are groups 
of people online who are interested in very 
specifi c machines or uses, such as owners 
of Phantom products or people who are into 
shooting location video. There are also groups 
that are much more general, and people belong 
to one or more of both sorts.

Note that not all online groups (for any 
subject) are always welcoming to absolute 
beginners. Don’t take it personally, though. 
The majority will be excited to welcome you on 
board and show you the ropes. Take your time 
looking into the various groups out there, and 
get a feel for which one(s) would benefi t you. 
It’s defi nitely worth joining one, and a good 
place to try is the Facebook group My First 
Drone Beginners Group. It’s a private-interest 
group, so it’s closed, but you just need to 
request to join it.

Quadcopter users also tend to go outside 
into the real world. They would, wouldn’t they? 
It’s the only place to fl y. So, while you will fi nd 

online resources a boon, use them to fi nd out 
where there are local fl ying groups.

If there is anything better than hearing from 
someone about exactly how they use their 
quadcopter and what problems they’ve solved, 
it’s seeing them use it in front of you. You’ll 
improve your fl ying skills, and get entirely new 
ideas for what you can use drones for.

Perhaps consider entering your drone into 
competitions. It’s about pitching your fl ying 
technique against other people and also your 
brand of quadcopter against others. If you have 
any competitive spirit, you’ll have a blast, but 
you’ll also see useful results. For example, if 

a Phantom UAV wins every time, you know to 
take a look at that company’s models.

There are more organised events in the USA 
than anywhere else, but you will fi nd that UAVs 
increasingly feature in more general shows, 
such as the annual UK Helicopter Show, which 
runs every May. Check for details of the next 
one on www.heliukexpo.com/sectors/uav.

Those shows and any local groups you can 
fi nd will also feature demonstrations of new 
equipment. You can expect knowledgeable 
advice about legal issues, which is 
particularly important as you’ll fi nd they’re 
constantly changing.

These groups are also a fi rst-class source 
for details about buying and selling UAVs. 
Members will discuss deals they fi nd, and 
know where you can get spare parts. They’ll 
also be a boon to you when you want to move 
up to a new UAV and keep your controller.

So, it’s clear that joining a group can have 
lots of benefi ts, but above all, it can be great 
fun too. Try one out and you’ll see how you 
will receive all the practical benefi ts as well 
as meeting with like-minded people.
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 “   RECEIVE ALL THE PRACTICAL BENEFITS 
AND HAVE A GREAT TIME AS WELL  ”   
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Accelerometer: An electronic 
instrument used for measuring 
acceleration on a given path. 

Attitude: If you’re new to fl ying, don’t 
mix this up with altitude (height). Attitude 
is the orientation of the UAV, whether it’s 
tilting forward or fl ying upside down.

Autonomous: Not subject to 
outside control, this refers to when a 
drone is fl ying by itself on a set path using 
GPS or other means, rather than actively 
steered with a controller.

Bind: Connecting your controller to your 
drone. This is like pairing your phone to 
your earpiece, except it doesn’t normally 
use Bluetooth of course.

CAA (Civil Aviation 
Authority): The UK’s body in charge 
of all fl ight issues and licences. When you 
read American forums or books, you’ll see 
reference to their equivalent, the FAA or 
Federal Aviation Authority.

Controller: The device you use to fl y 
the UAV. They can be exactly the same as 
old-style helicopter remote controls, or 
you can use apps on your phone. Without 
exception, a device is better than using 
your phone.

Downdraft: The force of the wind 
from the rotor blades when they’re 
spinning. It’s partly that which gives lift, 

partly the shape of the blades and how 
the air fl ows over them. But it’s an issue 
when you’re hovering near the ground, 
because the force refl ects up and makes 
fl ying trickier.

FPV (first-person view): A 
way of controlling your drone which lets 
you see what the drone is seeing in the 
air in real-time. By using goggles or a 
display, the view from the drone’s camera 
is relayed to you. Particularly useful for 
racing and to get a view from the sky.

Gimbal: The type of mount that lets 
a camera stay steady on a UAV while 
turning and when in high winds.

GPS: The same as the global positioning 
system used in your satnav, but here 
how certain drones can know and record 
their position. Some will act on the GPS 
coordinates so that, for instance, they 
don’t fl y too far away from you.

Gyroscope: You could not fl y your 
UAV straight and steady if it didn’t include 
a gyroscope that could detect when it 
was level.

Lithium Polymer or LiPo: 
Currently the best batteries for drones 
due to their great power given their 
relatively small size. They do hold more 
than a regular battery, though, and they 
do require some care when disposing 
or recharging.

Multirotor: A general name for a 
drone with several rotor blades

Payload: Anything a UAV is carrying 
that isn’t needed for fl ight, which is 
usually a camera.

Pitch: Together with roll and yaw, this 
is a description of the UAV’s movement in 
fl ight. Pitch is when it is tilted up or down.

Quadcopter: A four-bladed drone, 
perhaps the most common basic type, 
because that number of blades gives 
more stability.

Roll: Together with pitch and yaw, this 
is a description of the UAV’s movement in 
fl ight. Roll is when you wiggle the drone 
as if you intend to twist it all the way 
around its central axis.

UAV (unmanned aerial 
vehicle): This description covers all 
drones and is what the Civil Aviation 
Authority calls them.

Yaw: Yaw is when the drone is turning 
slightly left or right.

4K Video: The best (and most 
expensive) drones come with cameras 
that will shoot video at 4K resolution. 
They tend to stream back 1K video during 
fl ight so that you can see what you’re 
fi lming, but they will be recording full 
strength on board. 

DRONE GLOSSARY
ESSENTIAL TERMS YOU’LL NEED TO MASTER
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 DRONE CASE 

YOUR DRONE WORKS hard 
for you, so make sure it’s protected 

while you take it on epic adventures. 
If you need to hike out on location, 
cover diffi cult terrain or even pack 

your drone safely in the car, an 
ordinary backpack just won’t 

cut it. Invest in a secure 
carry case today

ESSENTIAL 
DRONE ACCESSORIES

Kit your drone out with 
these must-have accessories

30  THE DRONES BOOK

Drones are a fantastic feat of 
engineering, but there are always 

improvements to be made. By carefully 
hand picking accessories, you can improve 
your drone. Some accessories, like a secure 
carry case and propeller guards, are ideal for 
keeping your drone in tip-top shape, while 
purchasing a crash pack and tool kit can be 
a godsend when things go wrong. 

That isn’t to say drone accessories 
are boring, as that isn’t true. Things like 
performance gears can almost double your 
drone’s maximum speed, while attaching a 
 ight recorder will give you a new way to 
track what your drone sees while in the air. 
Use this guide to get all the information you 
need about some of the must-have drone 
accessories on the market.

 MICROSD CARD 

ANY STANDARD MICROSD card 
will work in your drone, and turn out 
to be the most important purchase 
you could make. Not only are you 
able to store all the captured footage 
on to one of these cards, but you’re 
then free to view the footage on any 
desktop computer.

accessories on the market.

 MICROSD CARD 

Kit your drone out with 
these must-have accessoriesESSENTIAL
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 BATTERIES 

THE LAST THING you want is 
to halt your fl ying time due to an 
empty battery, so purchasing 
extra batteries will be 
necessary if you are an avid 
user. Depending on the voltage 
and size of the drone that you 
use, the cost of an extra battery 
varies signifi cantly. However, 
you will fi nd that, once 
purchased, they are very easy to 
attach to any drone, and most 
carry cases will include a 
separate battery compartment 
for easy storage and 
transportation. This is well 
worth investing in.

 FLIGHT RECORDER 

DEPENDING ON WHAT you’ll 
use your drone for, a fl ight 
recorder can be a handy 
accessory. These attach to your 
drone and help record in-fl ight 
footage over a long period of 
time. The quality of video you 
receive comes down to the 
money you’re willing to spend on 
one. Certain fl ight recorders even 
enable you to control your drone 
using your smartphone, and 
mark out the route you want your 
drone to take. Once you’ve got all 
the footage you need, detach the 
recorder and connect it to your 
computer via a USB. 

 PROPELLER GUARD 

PROPELLER GUARDS ARE 
important for any drone user. 
They protect you and 
bystanders from potential 
propeller accidents, and also 
help defl ect collisions with 
inanimate objects. They are also 
helpful if your drone constantly 
lands on its side, as they can 
prevent the blades taking heavy 
damage. Although the cheapest 
accessory you can buy, 
propeller guards are by no 
means the least important when 
it comes to keeping yourself and 
your drone safe when in use.

 LED LIGHT KIT 

TO MAKE YOUR drone stand 
out from the crowd, equipping an 
LED light kit could be a good 
choice. It’s worth paying extra for 
custom-built lights, as you might 
fi nd that a basic set won’t fi t too 
well. Cheaper sets can also be 
fairly detrimental to the lifespan 
of your chosen battery, so a 
replacement will often have to be 
carried. Arguably, the best thing 
about attaching a light kit is that 
they can be as crazy as you like, 
but they also have a purpose in 
making using your drone at night 
a real possibility. 

 DECAL SET 

DECAL SETS COME in a 
variety of sizes and designs. You 
can fi nd online retailers who 
supply full-body kits for drones, 
enabling you to transform the 
look of your drone in one go. Just 
like many of the other 
accessories we’ve covered here, 
it’s also possible to create your 
own decal and get it shipped to 
you. Some companies also offer 
a decal service, where they’ll 
create, print and apply the decal 
of your choice to a drone – the 
only choice you’ll make is the 
design you want.

 TOOL KIT 

IT’S A SAFE bet that at some 
point, something will go wrong 
with your drone that’s beyond 
your control. Instead of relying on 
a third-party service to fi x it, use 
a specifi cally designed toolkit to 
get your drone back in action in 
just a few hours. Most kits ship 
with your standard Phillips 
screwdriver that can be used to 
remove and reassemble the 
motors on your drone. A Torx 
screwdriver and circlip tool will 
also be packaged to help gain 
access to the navigation board 
and propellers respectively.

 CRASH PACK 

PURCHASING A CRASH kit is 
highly recommended if you want 
to attempt on-the-spot repairs to 
your drone. Most kits will come 
with spare propellers and a 
battery, while certain retailers 
enable you to purchase kits with 
an entirely new body shell. 
Obviously the latter costs more, 
but if you’re a new drone user, it 
may soon be a valuable resource. 
Another plus of purchasing a 
crash kit is that it will help you 
learn how to repair your own 
drone and discover how some of 
the more intricate parts help 
keep your drone in the air. 

 PERFORMANCE GEARS 

PERFORMANCE GEARS CAN 
dramatically increase the overall 
speed of your unit, but without 
compensating on safety. Some 
can also be used to help increase 
the dexterity of the drone while 
in the air, but these changes are 
often minor and are only really 
recommended for those who 
race their drones. It’s important 
to note that these alternate 
gears can be tricky to attach at 
fi rst, due to the intricate nature 
and how they fi t into your drone, 
so make sure you thoroughly 
research how to fi t them before 
you begin.



Protect the investment of your quadcopter 
with the perfect carrying system. 
Choose from two purpose-built options:

DroneGuard
Above & beyond 

DroneGuard Kit – Be flight-ready with 
the ultimate modular carrying system from 
Lowepro. With a place for everything in this kit: 
quadcopter, transmitter, blades, action video 
camera, batteries, chargers, cables, tools and 
manuals. This unique and highly functional kit 
offers a perfect, out-of-the-box solution.

Protect the investment of your quadcopter 

Choose from two purpose-built options:



DroneGuard Case – Lightweight and 
sturdy the composite-shell construction 
delivers superior impact protection. With a 
flexible interior providing storage for every 
accessory, action cam and tool, it also 
includes backpack straps to make trekking 
to your flying location hassle free! 

Find out more at www.lowepro.co.uk/drones
or call 0845 250 0792

©2015 DayMen Canada Acquisition ULC.  

@loweproUK 
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For fun with the family to aerial photography, drones are 
not only incredibly versatile but also surprisingly affordable 
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As technology advances and prices 
fall, the demand for consumer 
drones continues to grow. Drones 

are available in all shapes and sizes from the 
tiny, entry-level Blade Nano QX to the high-end, 
professional Turbo Ace Matrix. 

It can all be a bit confusing, as these 
remote control or autonomous aircraft 
go by a variety of names, including UAVs, 

drones and quadcopters. These are largely 
interchangeable, although the term quadcopter 
refers to the number of rotors.

From as little as £40/$60, you can experience 
the fun and excitement of owning a drone 
without breaking the bank. Explore, perform 
stunts, and even play multiplayer games. You 
can choose from a range of drones to suit your 
budget and experience level. 

With so many drones on the market, it can be 
hard to fi nd the right one. We have compiled a 
guide to introduce you ten of the coolest drones 
on the market, which will suit everyone from 
fi rst-timers to fi lmmakers. Whether you are a 
complete beginner and want to learn how to fl y 
or an expert pilot looking for a high-end camera 
drone to take photos and record video, we’ve 
got you covered. 
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HUBSAN H109S X4 PRO 
QUADCOPTER

TOP FEATURES
      The camera can be 

detached from the X4 to 
reduce the weight and 
increase flight time.

      Hubsan’s custom HD 
camera has a 1/3-inch 
sensor and can capture 
12.2 MP stills.

      If there is a collision, the 
X4 automatically deploys 
a parachute to prevent 
further damage. 
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HUBSAN TAKES AIM AT FILM MAKERS WITH THE X4 PRO AND LOOKS TO ATTRACT A NEW USER BASE

TOP 10 DRONES
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Aimed at prosumer and professional 
users, the Hubsan X4 Pro boasts 

an aerodynamic lightweight design and 
detachable high defi nition 1080p camera. 
The X4 Pro is a capable high-end camera 
drone and a strong competitor to the popular 
DJI Phantom drone models.

The X4 Pro is classed as ready-to-fl y (RTF) 
which means all the hardware is included 
in the box and only basic assembly, such as 
attaching props, is required. Unlike many 
of Hubsan’s hobbyist quadcopters, the X4 
Pro certainly isn’t a toy. With the camera 
mounted, the relatively heavy 1.4kg drone 
features a super-strong plastic body shell 
and sleek, stylish design. Removable prop 
guards help protect the propellers from 
collisions and can be easily replaced if 
damaged. The large, rechargeable, 7000mAh 
battery provides up to 25 minutes of fl ight 
time, depending on the payload.

Four brushless motors power the 
quadcopter’s propellers allowing it to reach 
speeds of up to 9mph. Speed and fl ight time 
vary depending on the payload, which can 
include the camera and optional emergency 
parachute. A decent range of sensors including 
a barometer and compass are on-board, as 
well as an autopilot system that uses GPS 
location tracking.  

At its core is the Hubsan HBS1080p action 
camera which records video in Full HD at 30 
frames per second as well as taking high-
resolution stills. The ultra-wide angle lens 
provides a fi eld-of-view of up to 170° which 
makes it easy to keep your subject in view. 
Images should be smooth and lacking any blur 
or distortion thanks to the X4’s three-axis gimbal 
stabilisation. Expandable storage in the form of 
a microSD, supporting up to 32GB cards, make it 
easy to transfer pictures and videos recorded by 
the X4 onto other devices. 

Flight control systems
While the X4 Pro may be marketed at more 
experienced users, the range of built-in fl ight 
control systems make it easy for anyone to 
fl y. As well as being able to set waypoints, 
you can engage one of four autopilot modes, 
including: Return-to-Home, Headless, Altitude 
and Position. These make the drone perform 
specifi c actions such as maintain a fi xed 
position or return to a pre-defi ned ‘home 
point’. This ensures the X4 will never get lost, 
even if it loses connection with the remote 
control transmitter. 

The Hubsan X4 Pro isn’t as widely available in 
the UK as most drones, but can be purchased 
for around £726 / $1,199 with the camera and 
recovery parachute. 
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reduce the weight and 
increase flight time.

                  Hubsan’s custom HD 
camera has a 1/3-inch camera has a 1/3-inch camera has a 1/3-inch 
sensor and can capture sensor and can capture sensor and can capture 
12.2 MP stills.12.2 MP stills.12.2 MP stills.

     If there is a collision, the If there is a collision, the If there is a collision, the 
X4 automatically deploys X4 automatically deploys X4 automatically deploys 
a parachute to prevent 

Photography  
Videos
Exploration
Work

Use it for…

HUBSAN TAKES AIM AT FILM MAKERS WITH THE X4 PRO AND LOOKS TO ATTRACT A NEW USER BASE

TOP 10 DRONES

Aimed at prosumer and professional Aimed at prosumer and professional Aimed at prosumer and professional 
users, the Hubsan X4 Pro boasts users, the Hubsan X4 Pro boasts users, the Hubsan X4 Pro boasts 

an aerodynamic lightweight design and 
detachable high defi nition 1080p camera. 
The X4 Pro is a capable high-end camera 
drone and a strong competitor to the popular 
DJI Phantom drone models.

The X4 Pro is classed as ready-to-fl y (RTF) 
which means all the hardware is included 
in the box and only basic assembly, such as 
attaching props, is required. Unlike many 

At its core is the Hubsan HBS1080p action 
camera which records video in Full HD at 30 camera which records video in Full HD at 30 camera which records video in Full HD at 30 
frames per second as well as taking high-frames per second as well as taking high-frames per second as well as taking high-
resolution stills. The ultra-wide angle lens 
provides a fi eld-of-view of up to 170° which 
makes it easy to keep your subject in view. 
Images should be smooth and lacking any blur 
or distortion thanks to the X4’s three-axis gimbal 
stabilisation. Expandable storage in the form of 
a microSD, supporting up to 32GB cards, make it 
easy to transfer pictures and videos recorded by 

The X4 Pro is Hubsan’s first, 
high-end camera drone

The X4 returns 
home and 

lands via GPS if 
signal is lost

The gyro stabilised 
HD camera has a 
one-hour battery life
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3D Robotics, the company behind the 
upcoming Solo quadcopter, claims 

this is the world’s smartest drone. Mount 
your own compatible GoPro camera onto 
the Solo to create an incredibly fl exible and 
versatile camera drone.

Two powerful computers housed in the main 
body and the controller means the Solo can 
offer a number of advanced features, such as 
Smart Shots and the Pixhawk 2 autopilot. 

The Smart Shots technology allows you to 
capture footage using a range of camera set-
pieces, which the Solo automatically performs, 
including Cable Cam, Orbit and Selfi e. Cable 
Cam, for example, will lock the drone onto a 
virtual cable between two waypoints, allowing 
you to freely control the camera and record the 
perfect footage. 

You can further enhance the camera 
stability by investing in the additional solo 
gimbal, which helps the GoPro to achieve even 
smoother video footage. 

The Solo comes with an innovative remote 
control, designed to look and feel like a 
videogame controller. It adds familiarity and 
removes the learning-curve associated with 
using typical drone controllers. True to the 
videogame theme, it even features a dedicated 

pause button, which activates the air brake 
and stops the Solo mid-fl ight. In addition, one-
button fl ight controls allow you to take off, land 
and return home without any user input. These 
autopilot functions mean the Solo is easier to 
use, regardless of your fl ying experience.  

Extend the functionality
As well as fl ying the Solo from the bespoke 
remote control, you can dock your phone or 
tablet onto the controller and download the 
free app for iOS and Android devices to access 
even more functionality. From the app you can 
access the GoPro’s camera controls as well as 
viewing a live HD feed, allowing you to fl y the 
drone in fi rst-person view (FPV). 

The four, ten-inch diameter propellers and 
large 5,200mAh battery provides the Solo 
with a maximum speed of 55mph and a fl ight 
time of 20 to 25 minutes, depending on the 
payload and weather conditions. With a range 
of over half a mile, it’s capable of capturing 
both high-speed and long-distance video. LED 
spotlighting helps you track the drone and 
makes using it in low-light conditions easier.

Best suited to users with some fl ying 
experience, you’ll have to dig deep as the Solo 
will set you back around £980/$1,000.

3DR SOLO
3DR HAS WORKED WITH GOPRO TO CREATE A SMART, CAPABLE AND EASY-TO-FLY CAMERA DRONE

TOP FEATURES
      Smart Shots provide you 

with a range of preset 
camera angles.

      The videogame-themed 
remote control makes 
flying a much more 
familiar experience.

      Choose from a range of 
compatible GoPros to 
mount to the Solo.

 “   IT’S CAPABLE OF 
CAPTURING HIGH-
SPEED AND LONG-
DISTANCE VIDEO  ”   

 Videos  
Photography   
Exploration 
Sports

Use it for…
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videogame theme, it even features a dedicated will set you back around £980/$1,000. DISTANCE VIDEO    

 Videos  
Photography   Photography   
Exploration 
Sports

Use it for…

The quadcopter 
is capable of 

reaching speeds 
of 55mph 

The Solo is compatible 
with a range of 
different GoPros
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The Parrot Bebop 2 builds on the 
success of the original consumer 

camera drone by featuring a more durable 
body, higher quality camera and longer fl ight 
time. The Bebop 2 is one of the most advanced 
drones you can buy, and is absolutely 
packed with gadgets and technology. The 
ultrasound and pressure sensors measure its 
altitude while the three-axis gyroscope and 
accelerometer keep the drone stable in fl ight.

Keeping all this tech safe is the new and 
improved glass reinforced chassis and 
shockproof feet. Weighing just 500 grams, the 
lightweight and compact design makes the 
Bebop 2 surprisingly portable.

Four brushless outrunner engines 
provide enough power for the 
Bebop 2 to reach speeds of up to 
37mph horizontally and 13mph 
vertically. It can reach its top speed 
in just 14 seconds, allowing it to climb 
to 328 feet in less than 20 seconds. It’s 
incredibly fast and thanks to its rechargeable 
2700mAh battery, has an impressive fl ight 
time of 25 minutes.

Flying action camera
One of the key selling points of the drone is 
its ability to take pictures and record high-
defi nition video using the 14-megapixel 
on-board camera. The front-facing camera 

has a fi sh-eye lens and has been specifi cally 
designed to produce stabilised, wide-angle 
shots. Images are live streamed to your piloting 
device and saved on to the 8GB fl ash memory 
drive which can be easily transferred onto your 
phone, tablet or computer. 

Flying the Bebop 2 is easy with the 
FreeFlight 3 app available for iOS or Android 
smartphones and tablets. A powerful on-
board computer with a dual-core processor 
and fast Wi-Fi ensures all the data from the 
seven sensors is instantly relayed back to 
you through the app, ensuring you remain in 

complete control. If you prefer to fl y by eye, 
you can use the LED lights on the back 

of the drone to help you see which 
direction it’s facing. 

Interested in taking your fl ying 
to the next level? You can invest in 

the optional Parrot Skycontroller 
Black Edition remote control. The 

two-handed controller features dual-
joysticks for unparalled control as well as a 
Wi-Fi extender which increases the range 
up to nearly 2km. The Android-powered 
Skycontroller works with the FreeFlight 3 
piloting app which means you can connect 
it directly to the Bebop 2 without needing a 
smartphone or tablet. 

Available from early 2016, the Bebop drone 
will retail for around £439.99 / $499.99.

PARROT BEBOP 2 DRONE
THE BEBOP 2 IS A FASTER, LONGER-LASTING DRONE THAT COULD BE THE ULTIMATE FLYING MACHINE

TOP FEATURES

Photography  
Videos    
Exploration 
Fun

Use it for…

PARROT BEBOP 2 DRONE TOP FEATURES

 “  PACKED 
WITH GADGETS 
AND TECHNOLOGY ”   

You can digitally 
adjust the camera 

angle by 180°

The Skycontroller 
controls can be 
customised to suit youThe Bebop 2 features an 

advanced autopilot system

A built-in magnetometer 
helps locate the 
drone’s position

       The 14-megapixel 
HD camera is digitally 
stabilised on three-
axis using powerful 
computer algorithms.

      The engines and propellers 
have emergency cut-out 
features in case of contact 
or damage.

      The Bebop 2 connects 
to your smartphone or 
tablet using Wi-Fi MIMO 
(2.4Ghz and 5Ghz).
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Choose between indoor 
and outdoor hulls to 
protect the drone

Now in its second generation, the 
AR.Drone 2.0 is smaller, lighter 

and more agile than its predecessor and 
available in a range of colours. Compared 
with the more expensive Parrot Bebop, 
the AR.Drone 2 is considered an entry-
level drone. It offers a built-in HD camera 
optimised for video recording and can be 
piloted in real-time from the AR.FreeFlight 
app. The app is available to download for free 
on iOS or Android devices and allows you to 
fl y, record videos and much more.

Included with the drone are 
indoor and outdoor hulls. They are 
designed to protect it in different 
environments, for example the 
indoor hull adds propeller guards. 
Weighing just 380g with the 
outdoor hull attached, four motors 
drive the drone up to speeds of nearly 
25mph. The 1,000mAh battery provides 
approximately 15 minutes of fl ight time.

A host of on-board sensors from 
gyroscopes to accelerometers ensure the 
drone is stable and easy to fl y. You can 
control the drone in fi rst person view (FPV) 
from the front camera’s live feed on your 
paired device.

The built-in camera features a 92° wide-
angle lens and is capable of recording HD 
video. Digital stabilisation and software 

processing help create smooth and stable 
shots. You can save videos on the fl y directly 
to your smartphone or tablet over Wi-Fi and 
even upload your movies to YouTube directly 
from the app. 

Access “Director Mode” from the app to 
create high quality and professional-looking 
video. From adjusting the speed in real-
time to programming the drone to move in 
a certain way, you can create impressive-
looking travelling, pan and crane shots.

Multiplayer gaming
The front camera has another use 
too: it can detect the hull colour 
of other AR.Drone’s, which makes 
multiplayer gaming possible. 

Currently only available on iOS 
devices, the objective of games 

such as AR.Pursuit is to earn points by 
taking turns attacking and fl eeing from your 
opponent’s drone. Multiplayer games require 
two sets of drones and iOS devices, but 
getting friends or family involved is great fun.

The AR.Drone 2.0 is priced at £249/$299 for 
the Elite edition, or a little more for the Power 
edition. There is no functional difference 
between them, the models simply refer to 
what accessories are bundled, as well the 
inclusion of a larger 1,500mAh battery for the 
Power edition.
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TOP FEATURES
      Easily take pictures 

and record HD video 
thanks to the AR.Drone 
2.0’s built-in camera. 

      Choose between indoor 
and outdoor hulls to protect 
your drone. 

      You can play games like 
AR.Race and AR.Pursuit 
with friends and family on 
your phone. 

PARROT AR.DRONE 2.0
THE AR.DRONE 2.0 IS LOTS OF FUN, OFFERING AN HD CAMERA AND MULTIPLAYER GAMING POTENTIAL

 “  THE DRONE CAN 
BE PILOTED IN REAL-
TIME FROM THE 
AR.FREEFLIGHT APP  ”   

Videos  
Multiplayer   
 Battles 
Exploration

Use it for…

Sensors ensure the 
drone is stable and 
easy to fly
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DJI PHANTOM

TOP FEATURES
      The Phantom range is a top 

choice if you want to shoot 
videos or take photos.  

      Live View provides you 
with a real-time HD video 
feed up to 1.2 miles away. 

      Dock your phone or tablet 
into the remote controller 
for precision flying.
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The DJI Phantom 3 is the fi rst drone 
in the successful Phantom series to 

feature a built-in camera. Historically, they 
have been considered high-end or ‘prosumer’ 
drones that required a separate camera to 
be mounted onto the body. Its predecessor, 
the Vision+ brought silky smooth and 
professional-looking aerial video to the 
mainstream market, and the Phantom 3 
expands these capabilities further.

Two versions of the Phantom 3 are 
available; the Advanced model features a 
12 megapixel camera capable of recording 
video at 60 frames per second in Full HD 
resolution. The more expensive Professional 
model can record video up to 4K at 30 
frames per second. Paired with a three-axis 
gimbal, both offer exceptional stability for a 
consumer drone and empower you to capture 
professional-grade video and imagery.

Similar in design to previous models, the 
white plastic body is relatively portable 
considering the inclusion of a camera and 
gimbal, weighing in at 1.28kg. Powered by a 
4,480mAh battery, the four rotors are capable 
of propelling the Phantom 3 up to 35mph for 
approximately 23 minutes of fl ight time.

Download the free DJI Pilot app on your 
Android or iOS device to access Live HD 

TOP 10 DRONES

 Videos  
 Photography
 Exploration
 Work

Use it for…

THE PHANTOM RANGE FROM DJI COME PACKED WITH INCREDIBLE FEATURES FOR ALL USERS

View, fl ight settings, remote photo and video 
control, as well as the Director video editor. 
The Live HD View feature beams an HD 
camera feed, in real-time, to your connected 
phone or tablet. Utilising DJI’s Lightbridge 
technology, it enables you to view and control 
the drone up to a distance of 1.2 miles.

Complete control
Precise fl ight and camera control of the 
Phantom 3 is achievable using the included 
remote control. With your connected phone or 
tablet placed in the dock of the controller, the 
two physical thumb sticks allow you to stay 
in complete control of the drone. In addition 
to manual control, you can set waypoints, 
specifi c altitudes and even order the drone to 
return home.

It is priced at £899/$999 and £1,159/$1,259 
for the Advanced and Professional models, 
respectively. The Phantom 3 is positioned 
at the top of the mainstream camera drone 
market and is therefore best suited for users 
with some experience. However, a Beginner 
mode assists fi rst-time pilots learning to 
fl y by limiting the maximum distance and 
altitude the drone can reach. Alongside the 
previous Phantoms, this third iteration is 
likely to take the drone world by storm. Al
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The DJI Phantom 3 is the fi rst drone 

DJI PHANTOMDJI PHANTOMDJI PHANTOM

The Phantom 
range is hugely 
popular among 

hobbyistshobbyists

Phantoms are easy 
to control and offer 
fantastic functionality
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Videos  
PhotographyPhotography
 Exploration Exploration
 Work

Use it for…

THE PHANTOM RANGE FROM DJI COME PACKED WITH INCREDIBLE FEATURES FOR ALL USERS

View, fl ight settings, remote photo and video 

The DJI models can have a GoPro 
camera attached or you can use 

the built-in camera 



No remote control 
is needed, as the 
drone flies itself

The Lily Camera can reach 
speeds of 25mph and the 
IP67 certification means the 
drone is dust and waterproof

Simply throw it into the air to start a 
new video, claim the makers of the 

upcoming Lily Camera drone. With a release 
scheduled for summer 2016, ease-of-use is 
the concept behind this quadcopter.

Featuring a built-in HD camera, Lily intends 
to be the one of the simplest camera drones 
to operate. Throw it into the air, off a cliff or 
even into a river and Lily will follow you using 
a dedicated tracking device. Capable of 
recording audio, this palm-sized tracker can 
be positioned anywhere. This will make the Lily 
Camera one of the few completely autonomous 
drones on the market. It requires no user input 
or control other than turning it on, throwing it 
in the air and enabling the tracker. Therefore 
no previous fl ying experience is required as it 
fl ies itself.

The on-board camera is capable of taking 12 
megapixel stills and Full HD video at 60 frames 
per second. It can also record slow motion 
video in HD at 30 frames per second. Digital 
gimballing, fi xed focus and image stabilisation 
technology should help ensure the camera 
produces smooth and sharp images. 

Made from black plastic and brushed 
aluminium, the Lily Camera weighs 1.3kg, can 
fl y at speeds of up to 25mph and has a fl ight 

time of 20 minutes. An IP67 rating means Lily 
is also waterproof to a depth of one metre. 
In terms of range, it can reach a maximum 
distance of 30 metres from the tracking device. 
However, unlike most drones where the user 
has control, Lily also has a minimum distance 
set at 1.75 metres. 

A safe flight
Two LEDs indicate Lily’s status and also 
illuminate its ‘eyes’, giving the drone a 
distinctive and friendly appearance. A range of 
on-board sensors including an accelerometer, 
three-axis gyro and GPS will keep Lily safe 
and stable in-fl ight. If you see an upcoming 
obstacle, press the middle button on the 
tracking device to make Lily stop and hold its 
current position. 

The Lily companion app, available on iOS 
and Android devices, allows you to change 
the camera settings as well as create custom 
shots. This provides you with a level of control 
over the drone’s movements, allowing you 
to capture a picture or video from a specifi c 
position or angle. You can then edit and share 
your content online.

Lily Camera is available to pre-order online 
now from the United States for $600.

LILY CAMERA
MEET LILY, A WATERPROOF DRONE FEATURING A FULL HD CAMERA AND CAPABLE OF FLYING ITSELF

TOP FEATURES
      No controller is required 

here as the Lily Camera 
flies itself by following a 
tracking device.

     Take pictures as well as 
capture Full HD videos from 
the built-in camera.

      Film all your water sport 
action from the waterproof 
Lily Camera.

 “  LILY INTENDS TO 
BE ONE OF THE 
SIMPLEST CAMERA 
DRONES TO USE  ”   
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Place the palm-sized tracking 
device anywhere you want

The on-board camera 
can film in slow-
motion and Full HD

Videos  
 Photography   
 Racing 
Sports

Use it for…
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Plastic propeller 
guards help prevent 

damage to the drone
Stabilisation 
software helps keep 
the QX stable when 
it’s in flight
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• Fun  
• Tricks
    Stunts 
• Learning

Use it for…

As the name implies, the Blade Nano 
is one of the smallest and lightest 

quadcopters on the market. Built from a 
lightweight and fl exible plastic material, the 
main body and rotors are surprisingly versatile 
for a quadcopter weighing just 18 grams. 
Available in yellow or green, its compact size 
and weight means the Nano QX is best suited 
for indoor fl ying. To protect the four main 
rotor blades, the NX is equipped with durable 
plastic bumpers, making it a bit more resilient 
to bangs and scrapes. 

Part of what makes the Nano QX suitable for 
novice pilots is the ability to switch between 
Stability and Agility modes. With Stability 
mode enabled, the Sensor Assisted 
Flight Envelope (SAFE) system is 
activated and keeps the drone in 
an upright position during fl ight 
and stable while hovering. If you 
fi nd yourself losing control, by 
letting go of the controls completely 
the SAFE system will bring the Nano QX 
back to a safe hover all by itself. 

Once you feel more confi dent fl ying and 
don’t need this backup, switch to Agility mode 
for faster speeds and greater manoeuvrability. 
This allows to you perform more advanced 
tricks and aerobatics.

The QX features LED lights on the base of 
body, which not only help you to see it when 
fl ying in low light but also highlight what fl ight 
mode the drone is in. Blue lights indicate 
Stability mode is active, whereas red lights 
show Agility mode is selected.

STABILISATION SOFTWARE
A remote control is also included with the 
Nano QX RTF model. In either fl ight mode, 
you can use the controller’s thumb sticks 
to precisely control the drone and even 
attempt various stunts. In addition, six-axis 
stabilisation software helps to keep the drone 

stable. The 150mAh battery will give you 
around seven minutes of fl ight time. 

A special version of the Nano 
QX is available in the form of the 
QX FPV. This model comes with 
a built-in camera and headset. 

The camera transmits live video to 
the headset’s display, giving you an 

immersive fi rst-person view of fl ying.
Despite costing more than similar sized mini 

quadcopters, at around £70/$110 the Blade 
Nano QX RTF can be enjoyed by beginners and 
experts alike. By switching between SAFE and 
Agility mode, you can tailor the diffi culty and 
capability of the drone to suit your needs. 

BLADE NANO QX
TOP FEATURES
      Innovative SAFE 

technology and 
stabilisation software help 
new pilots stay in control.

      The remote control 
provides accurate flight 
control and the precision to 
attempt aerobatics.

      You can switch between 
Stability and Agility modes.

 

TOP 10 DRONES

OFFERING TWO FLIGHT MODES, THE BLADE NANO QX IS SUITABLE FOR NEW AND EXPERIENCED USERSOFFERING TWO FLIGHT MODES, THE BLADE NANO QX IS SUITABLE FOR NEW AND EXPERIENCED USERS

- 

- 
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The X5’s modular design
 makes it easy to repair

Suitable for indoor and 
outdoor use. LEDs help 

its visibility in low-light

Plastic propeller guards 
reduce damage to the 

drone and your property

THE DRONES BOOK  43

Low cost and suitable for beginners, 
the Syma X5 is a fun, entry-level 

quadcopter. Beginner drones are designed to 
be fl own by users with little or no experience, 
which is why the X5 uses a six-axis gyro 
stabiliser to make fl ying easier. It’s also 
equipped with a ‘3D lock’ option, which is 
responsible for keeping the X5 smooth and 
steady while hovering and in-fl ight. 

Ensuring you are in complete control of 
your drone, the X5 is bundled with a 
dedicated remote control featuring 
an LCD display. The controller 
includes twin thumb sticks for 
precision fl ying, as well as a range 
of fl ight controls from a high and 
low-speed option to directional fi ne 
tuning. It also includes a ‘3D Eversion’ 
button, causing the X5 to perform a full 360° 
roll, as well as a photo and video capture 
button for the X5C model.

The standard X5 does not have a camera, 
however the X5C is available for a similar price 
and does come with a built-in 2 megapixel HD 
camera. Although relatively low-quality, the 
camera does allow you take pictures, record 
video and can help you learn basic fi rst-person 
view (FPV) fl ying.

GO EXPLORING
With the 500mAh battery providing 
approximately seven minutes of fl ight time, 
you can go exploring with the X5 up to a 
distance of 30 metres from the remote control. 
To assist with fl ying in low-light and checking 
the drone’s orientation, the X5 features four 
colourful fl ashing lights underneath the rotors. 
These lights fl ash to alert you if the battery is 

running low, giving you time to land. 
The X5’s fl exible plastic frame and 
elastic blade protectors will help 
protect the drone against hard 
landings and minor bumps. Its 
modular design should also ensure 

it’s easy to replace components.
Suitable for indoor and outdoor 

fl ight, the X5 is a reasonably priced entry-
level quadcopter (RRP £50/$64). The range 
of built-in stabilisers, from the six-axis gyro 
to 3D lock, make it a good choice for novice 
or inexperienced pilots. You don’t have to be 
an expert to perform stunts either, as the 
3D Inversion button allows you to perform 
an impressive roll automatically. The built-
in camera on the X5C model offers a basic 
FPV fl ight mode as well as capturing decent 
pictures and HD videos. 

SYMA X5 EXPLORER
LEARN TO FLY WITH THE SYMA X5, A CHEAP AND CHEERFUL QUADCOPTER FOR BEGINNERS

TOP FEATURES
      Gyro stabilisers and 3D lock 

help you fly smoothly.

       Perform stunts straight 
away with the 3D 
inversion button.

      Opt for the X5C model to 
add an HD camera.

 “  LIGHTS FLASH 
TO ALERT YOU IF 
THE BATTERY IS 
RUNNING LOW ”   

Videos  
Fun
Exploration 
Stunts

Use it for…
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The plastic exoframe 
protects the drone’s 
propellers and body

The X4 Stunt is 
designed for speed 
and agility

Select Novice 
mode on the 
remote control 
for extra 
stability

Agile, fast and easy to use, the Air Hogs 
Helix X4 Stunt quadcopter is a fun toy.  

Ready to fl y out of the box, it’s quick and easy 
to start fl ying and performing stunts.

Despite its small size and entry-level price 
tag, it features active gyro-stabilisation 
and a remote control with four-channel 
control inputs for stable fl ying. This gives you 
complete power over the X4 as you fl y, spin 
and perform tricks. It also has a dedicated 
‘stunt’ button which makes the X4 execute 
tricks, including a barrel roll or 180° fl ip. The 
stunt button cycles between tricks each 
time you press it, so regardless of your fl ying 
experience you can enjoy the full range of 
aerobatics on offer.

The X4 is available in two colour schemes 
and features LEDs at the front that fl ash red 
and yellow to indicate battery status, so you 
know when it’s time for a recharge.

ROUGH AND TUMBLE
The soft and durable plastic body of the X4 
is designed to survive bumps and crashes 
indoors. Many other entry-level quadcopters 
offer minimal protection to the exposed 
propellers, often in the form of small plastic 

bumpers. The X4 uses a radically different 
exoframe design, enclosing the propellers 
within plastic ducted fans. These serve to 
protect the four propellers, as no blades are 
exposed, and improves the overall durability 
of the X4. If you do have any bangs or scrapes 
while fl ying, the soft ducts will also help 
prevent damage to you and your property. 
This makes the X4 an ideal drone for fi rst 
time or less-experienced fl yers and gives you 
confi dence to attempt more stunts. 

Choose between Novice and Expert modes 
to tailor the sensitivity and overall diffi culty of 
fl ying the drone. You can perfect your skills in 
Novice mode before switching to the Expert 
mode, unlocking more speed and power, 
which allows you to perform a wider range of 
tricks and stunts.

You can expect to get six to eight minutes of 
fl ying time from the X4 and a range of up to 90 
metres from the remote control.

With an RRP of £70/$80, the X4 is a fun 
and relatively affordable starter drone and 
is aimed at those looking to perform stunts 
and execute tricks. Its innovative exoframe 
design not only looks sharp, but also serves to 
protect the drone from damage.  

AIR HOGS HELIX X4 STUNT
PERFORM TRICKS AND STUNTS WITH THE SIMPLE AND LOW-COST HELIX X4 STUNT TOP FEATURES

      It has excellent agility and 
performs stunts, including 
barrel rolls and 180° flips.

      The plastic exoframe and 
ducted fans protect the 
drone and your property.

      Novice and Expert modes 
make it a great starting 
drone for those learning 
to fly.

44  THE DRONES BOOK

• Fun  
• Stunts
    Tricks
• Challenges

Use it for…

TOP 10 DRONES
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TOP FEATURES
        Add your own camera, 

from a GoPro to a DSLR, to 
suit your filming needs.

         Configure the Turbo Ace 
Matrix for speed, stability 
or capacity.

        A gyro-stabilised gimbal 
ensures you can capture 
sharp photos and record 
smooth video.

• Videos  
• Work
    Photography 
• Exploration

Use it for…

A step up from the prosumer drones 
such as the DJI Phantom 3, the Turbo 

Ace Matrix is a quadcopter capable of high-
altitude, long distance and incredibly stable 
photo and videography. Turbo Ace claims it 
is the undisputed leader in aerial video and 
surveillance, and it will set you back upwards 
of $1,600 (approx £1,000) for the DIY kit. 

The Matrix is capable of fl ying and recording 
video at speeds in excess of 60mph and 
altitudes of 18,000 feet. Depending on the 
remote control transmitter you use, the drone 
has range of over a mile. Even longer and 
more complex fl ights of up to 23 miles can 
be achieved by programming the on-board 
autopilot. Using GPS-based fl ight modes 
including GPS-Lock, Home-Lock, Course-Lock 
and Return-to-Home, you can set the Matrix to 
go to specifi c coordinates, follow waypoints or 
just return home.

Designed with maximum fl exibility for 
professionals in mind, the drone supports 
a wide range of dedicated cameras. From 
GoPros to DSLRs, you can adapt the Matrix to 
suit your needs. The camera is mounted on 
an auto-stabilised gyro-based gimbal, which 

ensures images captured from the drone are 
smooth and sharp. For more experienced 
pilots, compatible cameras can also be used 
for FPV, or fi rst-person view fl ying. The fl ying 
experience can be enhanced by mounting 
the camera directly on the drone without 
stabilisation, allowing you to experience the 
full tilt and roll of the drone.

CUSTOMISE YOUR DRONE
The Matrix’s design allows it to be upgraded 
with an array of extras to suit a variety of 
applications. Opt for a super lightweight 
confi guration to increase range and speed, 
or improve the camera stability by installing 
a more substantial three-axis gimbal and 
vibration-isolation mount. 

Built using carbon fi bre and aluminium 
components, the Turbo Ace Matrix is both 
strong and portable. The carbon wood 
propellers are available in a range of different 
sizes from 9 to 15 inches. Depending on 
the confi guration, its powerful motors, 
propellers and battery provide three times 
the payload capacity and fl ight time of 
smaller camera drones. 

TURBO ACE MATRIX
A HIGH-END AND EXTREMELY VERSATILE QUADCOPTER AIMED AT PROFESSIONAL USERS

sharp photos and record 
smooth video.

• Videos  
Use it for…

GoPros to DSLRs, you can adapt the Matrix to GoPros to DSLRs, you can adapt the Matrix to 
suit your needs. The camera is mounted on suit your needs. The camera is mounted on 
an auto-stabilised gyro-based gimbal, which an auto-stabilised gyro-based gimbal, which 

propellers and battery provide three times 
the payload capacity and fl ight time of 
smaller camera drones. 
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• Videos  
• Work
    Photography 
• Exploration

 “  THE MATRIX 
IS CAPABLE OF 
INCREDIBLY STABLE 
VIDEOGRAPHY  ”   

Mount a range of 
cameras to the 
front of the drone

9, 12 and 15-inch 
propeller sizes 
are available

Wings can be folded 
in to make it much 
more portable 

Reach distances 
of 23 miles with 
pre-programed 

flight plans
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DRONE 

BUILD YOUR OWN DRONE
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Three years ago, if you 
wanted a quadcopter 
you had to build it. Now 

there are several companies 
producing affordable, easy-to-
fl y multirotors that fl y straight 
out of the box. But that doesn’t 
mean the days of DIY drones are 
over. In fact, there has never been 
a better time to build your own. 
Drone components have become 
cheaper and more modular, and 

the software that controls them is more stable 
and easier to use than ever before. Even if 
your ultimate intention is to fl y a Parrot Bebop 
or a DJI Phantom 3, there is a lot to be gained 
from building your own quadcopter fi rst. You’ll 
end up with a much better understanding 
of how the different fl ight systems work 
together and you’ll have an aircraft that is 
much more versatile. That gives you a chance 
to experiment and fi nd out whether you really 
want a glass-smooth aerial photography 
platform, or a high-performance racing quad. 
And a home-built drone is much easier to 
repair yourself, if you have some crashes along 
the way.

The steps here will guide you through the 
process of building a miniquad. This uses the 
popular ZMR250 frame from tentech-rc.co.uk. 
All the other components are available from 
hobbyking.com and hobbyrc.co.uk. It will 
cost around £300 and take about ten hours to 
assemble if you’ve never built one before. At 
the end of it you’ll have a quadcopter that can 
take HD aerial video, fl y at 40mph and stay in 
the air for over ten minutes on a single battery.

01 MOUNT THE MOTORS
We’re using Emax 1806 brushless 

motors. These come in clockwise and 
anticlockwise flavours, but this only affects 
the direction of the thread for the ‘prop nut’ 
that secures the propellor to the top. The 
actual motors can spin in either direction, 
but using the opposite thread on the prop nut 
means that the torque from the motor serves 
to tighten the nuts in flight. You can just use 
clockwise threads on all four motors if you 
like, but make sure you use nyloc nuts instead 

of the supplied prop nuts, otherwise your propellers will quickly work themselves loose. Mount 
each motor in the centre of the X-slots, using a dab of Loctite on each screw. Trim and strip the 
wires so they reach about a third of the way along the frame arm and ‘tin’ the ends with solder.

THIS VERSATILE DRONE 
CAN BE USED FOR RACING, 

ACROBATICS OR AERIAL 
PHOTOGRAPHY. IT’S A 

GREAT WAY TO LEARN 
ABOUT THE HOBBY
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04 SECURE 
THE ARMS

Make sure all the exposed 
electrical connections are 
insulated with heat-shrink tubing 
or electrical tape. This is especially 
important with a carbon fibre 
frame, since carbon fibre conducts 
electricity. Feed four 10mm M3 
bolts for each of the arms through 
from the bottom of the frame and 
add the mid plate. Make sure the 
power wires are routed properly 
with none pinched between the 
arms and the frame, or crossing 
the bolt holes. Secure the arms 
with M3 nyloc nuts. The three-wire 
ribbon cables from the ESCs should 
run over the top of the mid plate. 
Feed eight 16mm M3 bolts through 
the remaining holes in the bottom 
and mid plates. Screw the tubular 
aluminium standoffs onto these 
bolts. Don’t overtighten the ends, to 
avoid bending the plates together.

02SOLDER THE ESCS
You need one electronic speed controller (ESC) for 

each motor. These take the low-power control input from the 
flight controller board and turn this into a high-power output 
that drives the motor. A quad of this size needs ESCs rated for 
at least 10 amps, so we have opted for 12A Afro ESCs, which 
come with the latest SimonK firmware. ESCs come with bullet 
connectors on the output leads. You can solder corresponding 
bullet connectors onto your motor leads, but you’ll end up 
with wires that are much too long for a miniquad like this. The 
neatest solution is to cut the heat-shrink plastic off the ESC, 
desolder the three motor leads entirely and solder the wires 
from the motor directly onto the circuit board. Commercial 
circuit boards use high-temperature solder, which can be 
tricky to melt using a hobby soldering iron. Melting some extra 
solder onto the pads helps because the two solder types form 
an alloy that is easier to melt.

03 POWER DISTRIBUTION SYSTEM
The bottom plate of the frame will carry the power from the 

battery to each of the four arms. Because the motors draw significant 
current, you’ll need fairly heavy gauge wire. Use 14AWG (American wire 
gauge) for the battery connector and 18AWG for the ESC connectors. That’s 
about 1.6 and 1mm diameter respectively. All the arms share a common 
positive and negative connection to the battery, so the simplest way to 
connect this is to use two small strips of brass or copper mounted in the 
middle of the frame, with positive on one side and negative on the other. Cut 
two 15cm lengths of 14AWG wire and solder one to each plate, so that they 
run to the back of the quad. Solder a male XT60 connector onto these two 
wires. This will be your battery connector. Now solder four 18AWG wires to 
each plate, long enough to reach each arm of the quad. You can either solder 
these to the power leads coming from the ESCs, or desolder the supplied 
leads and solder yours directly to the circuit board as before. The clearance 
between the bottom and middle plates of the frame is very small, so make 

sure your cables cross each other as little as possible. It’s a good idea 
to connect a spare pair of wires to the plus and minus plates, with a 

connector on the other end, just in case you want to power any 
other components directly from the main battery in the future.

04SECURE 
THE ARMS

Make sure all the exposed 
electrical connections are 

an alloy that is easier to melt. about 1.6 and 1mm diameter respectively. All the arms share a common 
positive and negative connection to the battery, so the simplest way to 
connect this is to use two small strips of brass or copper mounted in the 
middle of the frame, with positive on one side and negative on the other. Cut 
two 15cm lengths of 14AWG wire and solder one to each plate, so that they 
run to the back of the quad. Solder a male XT60 connector onto these two 
wires. This will be your battery connector. Now solder four 18AWG wires to 
each plate, long enough to reach each arm of the quad. You can either solder 
these to the power leads coming from the ESCs, or desolder the supplied 
leads and solder yours directly to the circuit board as before. The clearance 
between the bottom and middle plates of the frame is very small, so make 

other components directly from the main battery in the future.

between the bottom and middle plates of the frame is very small, so make 
sure your cables cross each other as little as possible. It’s a good idea 

to connect a spare pair of wires to the 
connector on the other end, just in case you want to power any 

between the bottom and middle plates of the frame is very small, so make 
sure your cables cross each other as little as possible. It’s a good idea 

Can’t 
glue it, tie it! 
● Cable ties are extremely 

handy for building quadcopters. 

You can use them to secure 

ESCs, hold radio antennas at 

the right angle, or build 

sturdy and shock-

absorbing landing 

gear!
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05THE FLIGHT 
CONTROLLER

The Naze32 is an ideal flight 
controller for small quads. It’s 
cheap, easy to fly and simple to 
configure. If your Naze32 didn’t 
come with headers pre-soldered, 
your first job is to solder these 
pins to the connection pads. 
It’s a good idea to plug some 
connectors to the other end to 
hold them in place while you 
do this, since the heat from 
the soldering iron can soften 
the plastic that keeps the pins 
aligned. You can mount the flight 
controller on the frame using 
nylon standoffs or just use a self-
adhesive foam pad. A triangle on 
the Naze32 indicates which way is 
‘forward’, but it is actually easier 
to mount the board with this 
facing right. This makes it easier 
to access the micro-USB port for 
configuring the board later.

 ”THE NAZE32 IS AN IDEAL. 
.FLIGHT CONTROLLER FOR. 

..SMALL QUADS: CHEAP, EASY TO. 
.FLY AND SIMPLE TO CONFIGURE” .

● Propellers 
come in different 
sizes and pitches. 
We used ‘5030’ 
props, for a 
balance of speed 
and efficiency

Keeping it together
● To avoid your nuts and screws from gradually working loose, use a dab of Loctite fluid on each one. Use blue Loctite, because this can be undone later if 

necessary
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● Using a radio receiver 
with twin antennas allows 
the drone to use whichever 
is receiving the strongest 
signal at the time

● An LED strip at 
the rear makes it 
easier to work out 
which way your 
quadcopter is facing

06THE RADIO RECEIVER
The radio receiver needs 5V and 

ground to power it, so we can take this from 
one of the ESCs. Carefully prise the red and 
brown wires out of the connector and use 
heat-shrink tubing or a two-pin Dupont 
connector to insulate them from each other. 
We have chosen the FrSky V8FR-II radio 
receiver, which has eight channels. The top 
row is for ‘signal’, and the ground and 5V 
connections are all common again, so you 
can just plug the power wires from the ESC 
into any channel. The signal wires run from 
each channel on the receiver to the block of 
2x5 pins on the Naze32. Fix the receiver to the 
frame with a blob of hot glue.

● Keep spectators 
behind you during 
test flights, especially 
during takeoff 
and landing

Choosing 
a transmitter

The Turnigy 9X (from 

hobbyking.com) is a great 

beginners’ controller for your 

quadcopter and it’s easy to 

upgrade the radio receiver/

transmitter unit if you 

want to improve 

the range.
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08CAMERA AND BATTERY
Use the rubber damping washers to fix the 

camera plate to the top plate of the frame. These can come 
loose in a hard crash, so it’s a good idea to also use wire or 
string through the centre as a backup. Now you can bolt 
the top plate to the aluminium standoffs, using M3 bolts. 
The Mobius ActionCam and 2200mAh 3S LiPo battery are 
secured to their plates with Velcro straps.

09CONFIGURE CLEANFLIGHT
To configure the Naze32, you’ll need Cleanflight Configurator from 

www.google.com/chrome/webstore. On the Welcome tab is a link to install the 
CP210x driver that allows your Mac or PC to talk to the Naze32. Now click the 
Firmware Flasher tab and select the most recent Naze32 firmware from the 
drop-down list. Click Load Firmware [Online]. Now connect your Mac or PC to 
the Naze32 with a micro-USB cable and click Flash Firmware. Once the board 
has been updated, the software will connect. There are lots of settings you can 
play with, but the most important is on the Modes tab. Under Angle, click Add 
Range and drag the sliders until the yellow bar covers the entire range. This ensures 
your quad always flies in self-levelling mode, which is the easiest for beginners.

10CHECK THE MOTORS
Gently test the throttle to check the motors spin 

the right way. Motors 1 and 4 should spin clockwise, 2 and 
3 need to spin anticlockwise. If any are wrong, all you need 
to do is unsolder and swap any two of the black wires from 
the ESC to the motor to reverse its direction. If you mounted 
the flight controller facing right, make sure you set the 
Board Alignment Yaw adjustment to 90º, otherwise the 
Naze32 will try to fly your quad sideways. Now you can fit 
the propellers and take it for a test flight! 
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Each of the ESC ribbon cables has an orange wire for ‘signal’, red for 
+5V and brown for ground. Plug them into the block of 3x6 pins on the Naze32 
with the signal wire on the innermost pin. Motor 1 is back left, 2 is front right, 3 
is back left and 4 is front left. The pins for motor 1 are marked on the Naze32 
with a dot. The flight controller can handle up to six motors, but we only have 
four, so two outputs will be unused. The ground and 5V connectors are all 
common, which means you actually only need to connect these wires from one 
of the ESCs, which comes in handy for the next step.

 ”WASHERS CAN COME LOOSE 
.IN A HARD CRASH, SO USE 
.WIRE OR STRING THROUGH 
.THE CENTRE AS A BACKUP” 

the propellers and take it for a test flight! 



Getting 
started 
with FPV

Turn your 
drone into the 
ultimate eye 
in the sky and 
upgrade to first-
person view 
when flying 

First-person view, or FPV, means you 
see what your drone sees. Instead of 
just squinting up at your quadcopter 

from the ground, you can see the live view 
through the on-board camera, using special 
goggles or a portable monitor. This lets you 
fl y further, higher and faster without getting 
disorientated. Watching from the ground, 
it’s all too easy to lose track of which way 

your drone is facing and whether you need 
to reverse the stick inputs to make it turn 
the right way. When you’re fl ying FPV, left 
and right never get reversed, because your 
perspective is the same as your drone’s. 
Flying FPV is also a lot more immersive. You 
don’t need to wait until you land to see the 
aerial footage; you can experience it as you 
fl y. This doesn’t just help frame shots for 

aerial photography, it makes a whole new 
kind of fl ying possible – quadcopter racing.

DIGITAL VS ANALOGUE
Many ready-to-fl y UAVs, like the Parrot 
BeBop and DJI Phantom 2 Vision series, 
provide high-quality video downlinks that 
you can watch through an app on your 
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GETTING STARTED WITH FPV

VIEW FROM INSIDE THE QUANUM

● The FPV display 
shows you some 
vital information, 
allowing you to 
pilot your drone 
safely and easily

● Pointing the video antenna 
downwards can improve your 
reception but you need long 
enough landing legs to avoid 
squashing it

The Quanum headset is bulky, but it actually provides a 
wider field of view than more expensive goggles

● The view through FPV goggles is 
always much lower resolution than the 
HD video your drone records



phone or tablet. These use Wi-Fi to transmit 
the video signal, which requires a special 
antenna on the control transmitter to be 
able to reach further than a few tens of 
metres. But more importantly, Wi-Fi signals 
experience a slight latency, or lag, in the 
image that you see on the screen. For 
framing a shot, or fl ying fairly sedately, this 
isn’t a problem but for high-speed, low-level 
fl ying, especially around obstacles such 
as buildings and trees, Wi-Fi video isn’t 
responsive enough. That isn’t a problem for 
home-built multirotors though, because 
these almost always use analogue video 
systems. The picture is sent as a much 
lower resolution analogue TV signal over 
5.8GHz radio frequencies. Although these 
systems can suffer from ‘snow’ interference 
and the picture quality is generally worse, it 
updates virtually instantly. This is ideal for 
acrobatic fl ying. Analogue systems are also 
much cheaper and easier to install yourself.

CONNECTING IT UP
If you have a simple mini quad, like the one 
we showed you how to build elsewhere in 
the book, you can upgrade it for FPV fl ying 
for under £110. The Mobius ActionCam can 
output analogue TV video at the same time 
as recording its own HD digital video on the 
memory card. This lets you save weight and 
money by combining two cameras in one. If 
you’re already fl ying with a GoPro camera, 
it’s better to add a simple front-facing 
600TVL (TV lines) board camera, such as 
the CC1333-B (£23 from www.hobbyrc.
co.uk). Whichever camera you use, you will 
need to connect it to a video transmitter 
(VTX). We used the 200 milliwatt Aomway 
mini transmitter, which has plenty of range 
for park fl ying. If you need to make up your 
own cable to connect the two, you can 
quite easily hack an old mini-USB cable. 

● Mounting the headset on a 
tripod as an external monitor 
lets you quickly glance up for 

take off and landing

● From this height, your drone might just 
be a speck in the sky, but FPV lets you 
stay in full control
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“For high-speed, 
low-level flying, 
Wi-Fi video just isn’t 
responsive enough“

Ignore the white wire, which you don’t need 
because it is the audio signal, and connect 
the yellow wire to the video-in pin on the 
transmitter, red to +5V and black to ground.

To catch the video signal at the other end, 
you need a 5.8GHz receiver. FPV goggles 
such as the FatShark range have a receiver 
built-in but these goggles cost £200-£300. 
Until you know for sure that FPV fl ying is for 
you, it’s better to start with a separate video 

“For high-speed, “For high-speed, 
low-level flying, low-level flying, 
Wi-Fi video just isn’t Wi-Fi video just isn’t 
responsive enough“responsive enough“

Ignore the white wire, which you don’t need Ignore the white wire, which you don’t need 
because it is the audio signal, and connect because it is the audio signal, and connect 
the yellow wire to the video-in pin on the the yellow wire to the video-in pin on the 
transmitter, red to +5V and black to ground.transmitter, red to +5V and black to ground.

To catch the video signal at the other end, To catch the video signal at the other end, 
you need a 5.8GHz receiver. FPV goggles you need a 5.8GHz receiver. FPV goggles 
such as the FatShark range have a receiver such as the FatShark range have a receiver 
built-in but these goggles cost £200-£300. built-in but these goggles cost £200-£300. 
Until you know for sure that FPV fl ying is for Until you know for sure that FPV fl ying is for 
you, it’s better to start with a separate video you, it’s better to start with a separate video 
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● Be careful of wire fences and 
power lines – they are very hard to 

see in FPV goggles
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receiver, such as the £23 Boscam RX305. 
This will plug into any analogue screen and 
the best one for beginners is the Quanum 
DIY. This £34 kit includes a 4.3-inch screen 
with a simple lens and case. You can wear it 
like a bulky pair of goggles, or you can take 
the lens out and use it as a monitor with a 
sunshade. Your fi rst few fl ights in FPV can 
feel quite claustrophobic, particularly during 
takeoff and landing. Using the Quanum DIY 
as a monitor to begin with will make the 
learning process much more comfortable. 
If you are prone to motion sickness, fl ying 
FPV with goggles can also make you feel 
nauseous at fi rst. Watching the action on 
a monitor screen, where you still have your 
peripheral vision to orient yourself, will 
defi nitely help with this. If you later decide to 
upgrade to FatShark goggles, your Quanum 
screen won’t be wasted because you can 
use it to allow a ‘passenger’ to fl y along with 
you, sharing the same view as you.

FLYING FURTHER
Once you have installed and tested this 
basic setup, there are some easy upgrades 
to greatly improve the experience. The most 
important is an antenna upgrade. The basic 
stick antennas supplied with the transmitter 
and receiver only provide good reception 
when they are aligned parallel to each other. 
As the quadcopter banks and pitches, its 
antenna will inevitably tilt out of alignment 

“If you are prone to motion sickness, 
flying FPV with goggles can make 
you feel nauseous at first”

● To begin with, practise FPV flying by 
following the hedge around the outside of a field

● Make sure you stay well clear of people and 
buildings. FPV doesn’t make you crash-proof! 

and your reception will suffer. Simply by 
replacing both antennas with ‘cloverleaf’ 
circularly polarised antennas (£10 for two), 
you will hugely improve your effective range 
for FPV. This is actually a much better way 
to improve your range than increasing the 
power of the transmitter on the quadcopter. 
The tyranny of the inverse-square law 
means that doubling the transmitting 
power only improves your range by about 

40 per cent, whereas switching to cloverleaf 
antennas can double your range without 
using any more power.

HEAD-UP DISPLAY
A more advanced upgrade is to add an 
on-screen display (OSD). This takes 
telemetry from the drone’s fl ight controller 
and displays it as text and numbers overlaid 

FPV AND THE LAW
In the UK, the Civil Aviation Authority 

requires that small unmanned aircraft, 
such as quadcopters, can only be flown 
when the operator has ‘direct, unaided 
visual contact’ with the aircraft. This 

means that even using FPV, it is 
illegal to fly so high or far away 

that you can’t see it from 
the ground.
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● See what your drone sees thanks 
to the monitor you can attach to 
your Phantom’s controller

● Use the Parrot 
Skycontroller to pilot 
your Bebop in style

over your view through the camera. You can 
confi gure what information is displayed on 
the OSD, from something as simple as just 
the battery voltage to an entire dashboards’ 
worth of data, including speed, altitude, 
heading and artifi cial horizon. If your 
quadcopter has a GPS unit fi tted, your OSD 
can also show how far you have travelled 
and an arrow pointing back to the launch 
point. This provides a very handy reference 
point – from 100 metres up, one fi eld looks 
very much like another! A very popular 
OSD unit is the £16 Micro MinimOSD. This 
postage-stamp-sized circuit board plugs 
into the serial port pins in the centre of 
the Naze32 fl ight controller, as well as the 
video connectors on both the camera and 
the VTX. The extra data is only added to the 
transmitted video feed, so the aerial footage 
that you record on your Mobius or GoPro 
remains pristine.

Whether you decide to stick with a 
budget system or to upgrade as far 
as current technology will allow, 
fl ying FPV is a breathtaking 
experience and defi nitely 
something that every drone 
pilot should try at least 
once. It isn’t just the 
closest thing to fl ying 
a plane; it’s the 
closest thing 
to being a 
bird.

● Use the Parrot 
Skycontroller to pilot 
your Bebop in style

postage-stamp-sized circuit board plugs postage-stamp-sized circuit board plugs 
into the serial port pins in the centre of into the serial port pins in the centre of 
the Naze32 fl ight controller, as well as the the Naze32 fl ight controller, as well as the 
video connectors on both the camera and video connectors on both the camera and 
the VTX. The extra data is only added to the the VTX. The extra data is only added to the the VTX. The extra data is only added to the 
transmitted video feed, so the aerial footage transmitted video feed, so the aerial footage transmitted video feed, so the aerial footage 
that you record on your Mobius or GoPro that you record on your Mobius or GoPro 
remains pristine.

Whether you decide to stick with a Whether you decide to stick with a 
budget system or to upgrade as far budget system or to upgrade as far 
as current technology will allow, as current technology will allow, 
fl ying FPV is a breathtaking fl ying FPV is a breathtaking 
experience and defi nitely experience and defi nitely 
something that every drone something that every drone 
pilot should try at least 
once. It isn’t just the 
closest thing to fl ying 
a plane; it’s the 
closest thing 
to being a 
bird.

● FPV flying means you 
won’t need to crane your neck 

and look to the skies
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THINGS TO DO 
WITH YOUR DRONE

Get inspired and find 
out what your drone is 
really capable of. 
Whether it’s racing or 
exploring, there’s so 
much you can do with 
your drone…   

 60  Photographing 
& filming
Learn how to create 
professional-looking videos 
and photos with your drone

 66  Racing with 
drones
Supercharge your drone and 
battle it out to fi nd out who’s 
the fastest

 72  Flying for fun
Master the basics of fl ying, 
teach others and get the 
whole family involved

 78  Deliveries, 
errands & more
Find out how drones can 
make your life easier and 
undertake essential tasks

 84  Explore with 
your drone
Get a whole new perspective 
and explore the world like 
never before
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CHOOSING A SUITABLE 
DRONE FOR PHOTOS & FILMING
Drone and camera technology is advancing 
all the time. There’s nothing more frustrating 
than spending money on a quadcopter and 
camera that just a few weeks later is replaced 
by a better model. But quadcopter technology 

PHOTOGRAPHING & FILMING
HOW TO CREATE PROFESSIONAL LOOKING AERIAL SHOTS AND MOVIES WITHOUT A BIG BUDGET DRONE
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Drone filming is big news on television right now. Almost every time you sit 
down to watch, there will be some great sequences showing buildings and 
places in a way we’ve never seen before. Many of us would love to try our 
hand at drone photography and filming, but don’t know where to start. So 
here’s our guide to getting started, along with some tips on what to watch 
for and how to avoid the pitfalls.

The DJI Phantom is designed to lift the 
GoPro series of cameras. In just a short time, 
GoPro has become the go-to brand for small, 
high-technology cameras, now recording up 
to 4K in video and burst rate stills of over 12 
frames per second. But as the GoPro capability 
increases, the camera size amazingly doesn’t 
change, making your UAV easily upgradable. 

Secondly, the gimbals are steadily improving, 
with the Zenmuse gimbal currently the leader 
in stability. This can also be upgraded on 
certain Phantom models, so you’re buying into 
a full upgradable platform that can grow with 
you as advancements roll out and your skills 
develop. For example, as we write this, DJI has 
a camera that it claims is better than a GoPro, 
although now GoPro has just launched the 
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at a price point that’s affordable has now 
matured into a stable platform that is very 
reliable. However, video camera technology is 
still advancing and improving, so it’s important 
to choose a drone with a useful life ahead of it. 
Our recommendation for a suitable fi lming UAV 
is to choose one that allows you to change the 
camera and the gimbal. 

© Corbis
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Hero4 Session. It’s a never-ending, Darwinian 
game of leapfrog. 

LEARNING TO FLY FOR
PHOTOGRAPHY AND FILM MAKING 
Our number one rule for creating great fi lms 
from a UAV is really simple: stop thinking about 
it as a drone and simply think of it as a rock-solid 
camera without a tripod that can be placed at 
almost any point of your choosing and moved 
as if by an invisible hand. At fi rst, there will 
be some novelty value in seeing your footage 
from an elevated view yet, while this is a great 
feature, it soon wears off. Begin thinking about 
composition and planning shots from all angles 
and your skills will quickly move forwards. 

UAVs can create great looking fi lm footage 
even at ground level. Their ability to move 
in between objects and across scenery as 
if being operated by the smoothest walking 
cameraman ever is what makes them so good. 
So don’t just think about high viewpoints, 

“YOU NEED TO BEGIN THINKING ABOUT COMPOSITION AND 
PLANNING SHOTS FROM ALL ANGLES“

● A drone 
camera films 
Andy Lewis on a 
slackline between 
buildings in 
central Bangkok

● There are a variety of 
controllers and consoles for 
operating UAVs, to help you 

get the perfect shot

● A fairly typical scene, 
but one that can be vastly 
improved with some 
creative filming

PHOTOGRAPHING & FILMING



and practise panning and tilting. Panning is 
swivelling the camera horizontally, just as you 
would if turning your head to follow a passing 
car. The drone stays still, the gimbal moves 
the camera. Pans can be different speeds, 
from gentle moves as if you were admiring a 
beautiful landscape right through to ‘whip 
pans’ which is the type of camera move you’ll 
see in motorsport when a high speed car 
flashes past a camera at close range. Try to 
experiment with different speeds of panning 

and you’ll see that smooth, gentle pans work 
best with UAVs.  

Now try a tilt. Tilt is taking the camera 
pointing at the horizon and slowly rotating it 
downwards, just as you would if you walked 
to a cliff edge and looked over it. Tilts can 
start looking out horizontally then smoothly 
look down. Or you can start looking vertically 
downwards, before tilting upwards to show the 
subject. This second shot is called a ‘reveal’ 
and is the type of move that the Hollywood 
camera operators use all the time. But you can 
do the same thing with your drone. 

Once you’ve practised these moves, it’s time 
to bring everything together with combinations 
of UAV tracking movements with gimbal 
pans and tilts to create rock solid camera 
moves that you’d think had been shot from a 
helicopter. The best way to film a sequence 
like that is to have a pre-planned idea in your 
head of what you want the finished sequence 
to look like. Combining these movements 
takes practice, but planning in your head 
where you’re going to fly your drone, when 
you’re going to move the camera gimbal and 
where you plan to end can result in some great 
looking footage.  

Once you’re confident with combining drone 
and camera gimbal moves, it’s time to move on 
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“TRY TO EXPERIMENT WITH DIFFERENT SPEEDS OF 
PANNING AND YOU’LL SEE THAT SMOOTH, GENTLE PANS 
WORK BEST WITH UAVS“

look at how you can fly your drone camera in 
between archways and trees to create great 
looking films. 

If you only want to shoot still photographs it’s 
a relatively straightforward skill to learn. Once 
you’ve mastered your quadcopter flying skills, 
it’s simply a matter of achieving a composition 
that you’re happy with and hitting the shutter 
button. But by just taking still photographs, 
you’re missing out on the coolest, most 
creative part of aerial filming – shooting those 
great, super smooth camera moves. Here’s 
how you get started. 

HOW TO CREATE THOSE SUPER COOL  
HOLLYWOOD CAMERA MOVES 
Chances are that if you’re new to flying a 
quadcopter, you’re loving zooming and diving 
around your patch of sky like a swallow chasing 
insects. But to create those professional 
looking aerial drone shots, the mantra is ‘less 
is more’. Get used to the idea that your UAV 
movement needs to be a gentle one and that 
your camera gimbal moves need to be the 
same; slow and gentle. Start off by practising 
a simple move past an object such as a car or 
a building, with the camera set at an angle of 
45 degrees to the subject. Don’t even move 
the camera gimbal, simply roll the camera, 
then gently ‘walk’ your drone past the object, 
so that it appears in shot, then steadily moves 
out of shot as you pass it by. Try this on a large 
building or something with several objects, 
such as a row of parked cars. Play it back and 
just look at how cool such a simple technique 
can be on camera with a little practice. You 
see? Less is more. This is called a tracking 
shot. Now to add in some camera moves. 

Once you’re proficient with simple tracking 
shots, set your drone into a hover somewhere 

l Filming high speed 
action shots is now entirely 
possible without the need 
to hire a helicopter

l Aerial shots like this are 
interesting and dynamic

62  THE DRONES BOOK
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PHOTOGRAPHING & FILMING
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Practise your skills and study
Great aerial filming takes research, practice and patience
● Reverse engineer aerial sequences that you 
see on television and at the cinema. Watch 
some of the great aerial camera moves in 
blockbuster movies, documentaries and other 
productions, then try to work out how they 

were achieved. For sure, the subject material 
may be way more spectacular than your own, 
but the same principles apply.

You really need to start thinking like an 
aerial cameraman and study not just drone 

footage, but helicopter-based gyro-stabilised 
work shot on high-end Cineflex systems. The 
budget may be bigger and the equipment 
more expensive, but the same techniques also 
apply to your UAV.

● Spending some time practising 
your flying and photography in 

any location you can will help 
when you want that perfect shot

to things like ‘reveals’ and using what is known 
as the parallax effect. As we mentioned, a 
‘reveal’ shot is one that steadily brings into view 
the main subject. You’re starting with a simple 
scene, then adding the subject and ‘revealing’ 
it to the viewer. Some great reveals include 
running your UAV across an open fi eld, before 
lifting up your drone and tilting to reveal a 
magnifi cent castle. 

Finally, one of the trickiest shots to get right 
is a parallax move. This manoeuvre requires 
two objects, one in the foreground and one in 
the background. Fly your UAV past the closest 
object to reveal the second subject behind it. 
You’ll see that the addition of the foreground 
subject adds drama to the shot and makes it 
look like your drone camera is moving much 

further than it actually is. Wildlife and nature 
cameramen use this to reveal one mountain 
from behind another. 

When you’re not fl ying your camera UAV, 
a good way to practise is to sit and study 
television programmes. Drone sequences are 
frequently used, so watch for them and then 
try and reverse engineer the shot to work out 
how it was done and think of locations and 
situations where you can use those techniques 
yourself. Filming using drones is an addictive 
thing and you’ll quickly fi nd yourself mentally 
planning moves everywhere you go, much to 
the annoyance of your friends and family. 

Above all, don’t be disheartened if you don’t 
nail the shot right away. It takes professional 
production companies several ‘takes’ to get 

a shot absolutely right, so be prepared to 
practise and practise some more. The fi rst 
time you nail a great aerial camera move, you’ll 
feel a huge smile coming on as you see what 
you’ve achieved. Next time you’re watching TV, 
look out for tracking, tilts, pans and reveals 
in camera moves. You’ll see them employed 
in every programme you watch – they are the 
basic tools of any cameraman’s trade. 

One fi nal thing about fi lming; don’t forget to 
‘pre-roll’ the camera for around fi ve seconds 
before you start your move, then hold position 
for another fi ve seconds with the camera still 
rolling at the end. This gives what editors call 
‘headroom’. It’s that little bit of wiggle room to 
shuffl e a sequence around when editing. Make 
sure you do this, you’ll thank yourself for it later. 
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It’s vital to be able to edit your footage, or at least have a friend who can. 
Being organised helps. Start by downloading your clips into a separate 

project folder. Don’t just download everything into your computer’s default photo 
or video folder. Create a separate folder for the project and name everything 
there. After this, your editing software will have everything to hand. Once you’re 
finished, your project can easily be archived to an external hard drive, but if you 
decide to change something in your edit, everything is still in place and your video 
editing software will be able to access your clips.

IT’S ALL IN THE EDIT
Once you return home with your footage, the 
work really starts. How do you edit the footage 
into something that’s coherent and actually 
good to watch? We don’t have space here for 
a tutorial on fi lm editing, but there are some 
techniques to editing aerial footage that are 
worth considering, especially if you’re starting 
out learning how to edit your drone footage for 
the fi rst time. 

Rule number one: what’s the story? You 
don’t need a script or a team of people behind 
you to create a short fi lm with your drone 
that tells a story. It doesn’t even need to have 
actors or action sequences. Your drone can 
take the viewer on a journey through a scene 
and reveal the subject in ways they’ve never 
seen before. Hopefully, as you were shooting 
you were beginning to see a sequence 
appearing that you might like to put together 
that will work well and fl ow smoothly, while 
holding your viewer’s attention. 

What about sound? The whine of your 
quadcopter motors just isn’t going to cut it. 
Good sound is easily 50 per cent of a quality 
aerial sequence. Decide on sound before you 
start the edit. There are a great many sources 
of royalty free music, with Vimeo having a good 
library of free music or very low licence fees. 
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ORGANISING YOUR EDIT
LEARNING HOW TO EDIT CAN BE DAUNTING, SO IT PAYS TO BE ORGANISED

● The DJI S1000 can be  
fitted with a digital 
SLR to get some truly 
stunning photos
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your soundtrack to this length. Then start 
fi tting your clips around that. Remember 
when we talked about pre-rolling the camera 
before you start a move? Now you’ll be glad 
you did that, as you have excess to trim off 
and make your job easy. Even so, you’ll be 
surprised at how much footage is needed 
to hold your viewer’s attention even for this 
short time.  

As you progress and become better at 
UAV fi lming, you’ll start to plan things more, 
including having a shot list noted down of 
sequences that you want to fi lm. This will 
dramatically reduce the amount of excess 
footage you have left over, plus it will mean 
your edit is far, far quicker because you 
already know what you’re going to do when you 
sit down to create your fi lm. 

Once you’re done, export your movie and 
upload it to your online account. As well as 
YouTube, Vimeo is a great free platform for 
displaying your work, plus it has a community 
of enthusiastic and creative people who often 
leave useful comments to help you. 

Just like learning to fl y your drone, aerial 
fi lming takes practice. But persevere with it 
and you’ll quickly become accomplished and 
justifi ably proud of your work as you strive to 
even greater things. It’s extremely addictive 
and very, very satisfying. 

BEST KIT TO USE

AVIATION MAPS
This might sound like an odd item to 
have, but don’t forget that you should 
always fly responsibly. One important 
aspect of responsible drone 
operation is knowing where to avoid. 
Study an aviation map of your area 
and be aware of prohibited zones 
and places where you may come into 
conflict with real aircraft.

GIMBALS 
Currently, the market leader in 
filming UAVs is DJI. Its popular 
Zenmuse Gimbal range delivers 
rock solid camera stabilisation. DJI 
offers different varieties of gimbals 
to be used with different cameras, 
meaning your drone can fly with other 
cameras as technology advances and 
your skills improve.

MEMORY AND STORAGE
You’ll need lots of storage for your 
footage, both on location and back at 
base. Invest in extra memory cards 
and an external hard drive, otherwise 
your computer will quickly fill up with 
chunky aerial footage files and you’ll 
run out of space. Good quality hard 
drives, such as G Tech, keep your 
footage safe.

Finding the right soundtrack takes time, but 
it’s worth the effort to fi nd music that fi ts the 
pace and context of your fi lm. Stay away from 
cheesy rock music sound tracks, YouTube is 
littered with them.  

Once you have your music chosen, lay it 
down on your editing software’s timeline and 
listen to it. Listen for a beat and transitions in 
the music. Those are the points at which your 
shots will transition from one to another – on 
the beat. Your viewers will appreciate being 
taken on an aerial journey like this when your 
footage fl ows with the music. The trick with 
editing aerial footage is to make your clips fi t 
the beat of the music, not vice versa. Choose 
a length of only around two minutes and edit 

“AS YOU PROGRESS AND BECOME BETTER AT UAV 
FILMING, YOU’LL START TO PLAN THINGS MORE“

● Composition and framing is key to 
achieving a great aerial shot

● Develop a story behind your aerial shooting by planning ahead

THE DRONES BOOK  65

PHOTOGRAPHING & FILMING

©DJI

©
M

ark Richardson

©DJI



66  THE DRONES BOOK

   R
A

CIN
G

 W
IT

H
 D

R
O

N
ES

©
 w

w
w

.fi
rs

tp
er

so
nv

ie
w

.c
o.

uk



Drone racing is a 21st Century motorsport. 
A unique and intoxicating combination of PC 
gaming, gladiatorial motorsport, Hollywood 
movie effects and, of course, adrenaline. As 
with any form of competition, the origins of 
drone racing are unclear. In all probability, it 
started with a couple of bored guys crashing 
into each other, then challenging one another 
to a contest. But just like street racing with 
cars, drone racing is probably hazardous to 
bystanders, so recently, drone-racing venues 
have begun to materialise and, as you’d 
expect, specialist racing and competition 
drones are now appearing. So, what are the 
appeals of drone racing and how do you get 
started? Is it expensive or, just like motorsport, 
is the answer to the question “How much?” 
the inevitable “How much have you got?” We 
talked to some drone-racing experts to fi nd 
out more about this 21st Century motorsport 
phenomenon, and how you can get started 
with drone racing.

GETTING STARTED
Nearly all drones used for racing have quad 
rotors. Known as quads, they are lightweight, 
stripped-down machines in the true 
motorsport tradition, with the absolute bare 
minimum of equipment. And yes, just like any 
other form of motorsport, there are varying 
degrees of machinery, from ‘production’ 
classes all the way to the Formula One 
machines of drone combat. 

RACING WITH DRONES
DRONE RACING IS THE NEW FORM OF AERIAL COMBAT. WE INVESTIGATE THIS VOLTAGE-DRIVEN PHENOMENON
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Take any invention or method of conveyancing and transportation from 
across the ages, and you will find that somewhere, humans have been 
racing it. From Roman chariots and horses to the first aircraft and internal 
combustion engines, it wasn’t long before we were creating racing circuits as 
we continued hunting our new fix for adrenaline. It’s a long-held belief that 
warfare and competition are the two elements that advance developments 
in any area, and drone technology is no different. Welcome to the world of 
drone racing.

Every drone-racing pilot we spoke to 
offered the same advice: start with a small, 
inexpensive drone. The Hubsan X4 is an 
impressive quadcopter that will allow you to 
practise a range of fl ight manoeuvres before 
you move onto a bigger quad. This is very 
important for three main reasons:

1.  Like most sports, the very good guys make 
it look far, far easier than it really is.

2.  You will crash a lot when learning to race 
a drone.

3.  Just like motorsport, crashing a full-size 
machine is both dangerous and expensive.

At the heart of the excitement of all drone 
racing are the initials FPV. These stand for 
fi rst-person view, and this is the key to how you 
will view and experience your drone race. Each 
drone has an on-board, fi xed camera, which 
transmits back a live video signal to your fl ying 
goggles. Because the camera is fi xed and not 
gyro stabilised, you experience the full effect of 
acceleration, and the roll of the horizon as you 
bank, twist and turn around the course. The 
view through the goggles can only be described 
as akin to the Star Wars speeder bike chase in 
between trees. Inevitably, you will crash. 
Just try not to jump or fl inch too much on your 
fi rst impact.

Once you’ve mastered fl ying, it’s time to get 
competitive and own your fi rst full race drone.

You have two options:
1.  Buy a ready-to-fl y (RTF) or almost-ready-

to-fl y (ARF) quadcopter.

● Most racing 
drones have quad 

rotors, which are 
lightweight and 

have minimal 
equipment



and keep everything running as it should. 
They’re a bit like the engine-management 
system for your drone.

Battery packs  All Lithium Polymer, these 
are your drone’s fuel tanks. Turnigy Nano-
Tech cells are the ones to go for. They employ 
technology that allows a very high discharge 

rate. You need this when drone racing, so that 
when you go for full throttle to accelerate, your 
engines are getting enough power at a high 
enough rate. Be very careful when handling 
these battery packs. Never leave them 
unattended when charging, and always check 
them after a crash. It’s been known for crash-
damaged packs to burst into flames when 
subsequently charged.

Flight goggles  Fat Shark are the leading 
brand. Flight goggles are expensive but 
essential, so look after them. The high 
magnification screens should always be kept 
covered when not in use. The magnifying 
effect of the screens if left in open sunlight 
can damage them, so always keep them in the 
protective case.

WHO YOU CAN RACE
There are two main categories for quad drone 
racing: the Spec Class for beginners and the 
Open Class for more advanced pilots.

As you’d expect, the Spec Class places 
restrictions on drone power and prop size to 
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“AN ADVANTAGE OF BUILDING YOUR OWN QUAD IS THAT 
YOU’LL HAVE THE KNOWLEDGE AND SKILLS TO FIX IT 
WHEN YOU CRASH. CRASHING IS INEVITABLE”

l There are two 
main categories 
for quad drone 
racing: the Spec 
Class and the 
Open Class

l Start with a small, inexpensive drone, as crashing is inevitable when you begin racing

2.   Buy parts, such as a frame, motors, props 
and so on, and build it yourself.

We can’t really say which of these options 
is better for you. If you like building things, 
the second option is great. For many people, 
building the quad is half the fun. The other 
main advantage of building your own quad is 
that you’ll have the knowledge and skills to 
fix it when you crash. As we’ve already said, 
crashing is inevitable. Get used to it.

ANATOMY OF A RACING QUAD
If you decide to build your own quad racing 
drone, each one has a series of essential 
elements that are needed to be successful. 
Here’s our guide to the vital things you’ll need to 
go drone racing.

The frame  What would be called the chassis 
or fuselage were it a car or an aircraft, drone-
racing frames are typically all carbon. Two of 
the most popular are the Blackout Mini H and 
the Lumenier QAV250. Both retail online at 
around $150.

Flight controller  Most popular, by far, are the 
Naze32 Acro and the OpenPilot CC3D. Expect 
to pay less than $100 for either.

Motors and props  You get what you pay for 
here, just like full-sized engines. Cobra engines 
with HQ Props are the premium brands. If 
you’re on a budget, try Sunny Sky motors with 
GenFan props. Whichever combination you 
choose, order spare props and make sure you 
have them to hand. They’re always the first 
casualties in an accident.

Electronic speed controllers (ESCs)  As the 
name suggests, they control the power output 
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This is a new global phenomenon. Each country 
has its own particular take on it right now, 

from Australians using disused, dockside warehouses 
to Scottish drone-race clubs arranging events in the 
Highlands. It’s not an underground movement, but you 

won’t find it in the mainstream press. Look online and 
on social-media platforms to hook up with racers to 
compete with. We found groups across the world, from 
Scotland to Australia and across the United States, 
including Ohio, Los Angeles and Arizona.
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HOW TO GET INVOLVED
DRONE RACING IS FAIRLY NEW, SO WHERE DO YOU FIND IT?

● Search for 
local groups on 

the internet and 
social media

RACING WITH DRONES
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help keep things more equal and control costs 
when you’re just starting out. The Open Class 
is just as the name suggests. This is ‘unlimited’ 
air racing, which means anything goes with 
some truly ballistic machines capable of a 
mind-blowing 128kph (80mph).

Finding someone to race against is more 
difficult. The sport is still growing, but largely 
unknown to the broader public. It’s a matter of 
checking in to some of the online forums and 
finding racers in your area. Websites such as 
www.fpvracing.tv have drone user groups who 
are organising events around the world. Search 
for pilots near you with whom you can hook up. 

Humans love to compete against one another. It’s how we’re wired, and no 
matter where you go in the world, you’ll find somebody organising a racing 

series for something. From Formula One cars to snails, we’ll race it. Most competitive 
sports involve significant costs, but drone racing allows you to feel the full-on 
adrenaline of competition without massive expense. Perhaps this will change, but 
we doubt it. Because even the latest technology is relatively inexpensive, drone 
racing will probably continue to be cost effective for some time to come. It’s in its 
early stages which, in our view, is the best time to become involved.

l The sport is 
growing, so it 
will no doubt be 
easier to find 
people to race 
with in future

HOW RACING WORKS
There are several types of competition in which 
you can get involved. Rotorcross is flat-out, 
side-by-side drone racing. All you need are two 
or more pilots to form a grid, then you race in 
real-time around a pre-set course. The winner, 
quite simply, is the person who crosses the 
line first. At the time of writing, first-person-
view drone-racing series are rather spread 
out, but with each passing week, there are 
new meetings being announced online and on 
Facebook groups across the world.

Drone dragster racing pits two drones 
against each other in a standing start drag 

race down a 100 metre track. This is where 
those high-performance props and that high 
discharge battery pack really come into their 
own. Unlike automotive drag racing, many 
drone dragster races count the time from lift 
off to touch down, with no flying finish. Note 
that we said ‘touch down’, not crash.

Finally, we have time trial. Just like special 
stage rallying for drones, you fly individually, 
against the clock, with the winner holding the 
fastest stage time. One of the practical things 
about a time trial is that there are several 
online communities that allow you to set up 
your own time trial and then record your efforts 
using an on-board camera. Upload your video 
to the time-trial community, and add your 
score to a global leaderboard. Each month 
there is a winner announced in the series.

Many people are becoming proactively 
involved in organising drone racing, as they find 
more people nearby with similar ambitions. 
We talked to drone-racing clubs, from the USA 
to Australia, about what’s needed to organise 
your own drone-race meet-up:

A venue  This can be anything from a farmer’s 
field to an old, underground car park or some 
woodland. Above all, make sure that you have 
permission from the landowner to be there  
and race. 
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IT’S RACING, PURE AND SIMPLE
IT’S THAT OLDEST OF HUMAN EMOTIONS: THE DESIRE TO COMPETE
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make a list of all of the possible things that 
could go wrong on a sensible level, and write 
down solutions for them, or courses of action 
should they occur. It doesn’t need to be a 
huge document, and you don’t need to be a 
fi refi ghting paramedic, but it’s well worth 
doing, if only to help your event run more 
smoothly on the day.

Right now is a great time to become involved 
in drone racing. Like any competitive sport 
in its early stages, things are advancing very 
quickly. While some people may think that 
it’s a good idea to sit back and watch before 
committing time and money, in our view being 
involved at the beginning of what is almost 
certain to become a global phenomenon is a 
far better way. Learning about drone racing 
by being at the coal face and getting dirty fi rst 
hand will give you invaluable experience in 
the technicalities, racecraft and developing 
winning techniques and strategies that will 
turn you into a drone-racing champion. You’ve 
got to be in it to win it.

● Safety is 
paramount. Use 

signposts and 
marshals to 

ensure you and 
others stay safe

ESSENTIAL KIT

FIRST-PERSON-VIEW 
(FPV) GOGGLES
Good flight goggles are an expensive 
but important element of FPV racing. 
The video feed is projected onto the 
small screen, but then high-quality 
magnification gives a stunning, 
immersive view of your race.

LITHIUM POLYMER 
BATTERIES
The latest in technology, they allow 
very rapid discharge rates, which give 
motors the rate of power they need to 
accelerate fast. Quads are capable of 
128kph (80mph) in forward flight, due 
to them. They can be temperamental; 
watch them when charging, and 
discard crash-damaged packs.

COBRA ENGINES
These are tiny, stepless, 8-volt 
electric engines, weighing just 22.5g 
(0.8oz). Not all motors are created 
equal; read the full specification. 
Some have high peak power, but lack 
midrange, while others have lots of 
torque, or midrange power, which will 
give stronger acceleration.

Safety  Be organised. Use tape to cordon off 
pathways where unsuspecting people may 
stray into the drone-racing area, and be sure 
to sign-post the area signifi cantly. It’s a good 
idea to post marshals with two-way radios if 
your course goes out of sight through trees, so 
that you can be sure the course is clear. With 
some drones now capable of speeds of 128kph 
(80mph) or more, they pose a signifi cant 
hazard. The people at First Person View in the 
UK have produced fl ag and banner kits at a 
low cost to help get grass-roots drone racing 
off the ground. They’re quite happy to help get 
drone-racing clubs organised.

Promote your event  With drone-racing forums 
and Facebook groups in abundance, spreading 
the word through social media is the best way 
to promote your drone-race meeting. 

Risk assessment  Health and safety is a boring 
subject, but a simple, written risk assessment 
is a good way to bring to your own attention 
things that might need to be foreseen. Simply 
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“LIKE ANY COMPETITIVE SPORT IN ITS EARLY STAGES, 
THINGS ARE ADVANCING VERY QUICKLY“

RACING WITH DRONES



ALL THE FAMILY CAN FLY 
Until recently, the best you could expect from 
any radio-controlled fl ying device was a scale 
model helicopter. These could prove almost 
as diffi cult to fl y as a full-sized helicopter, but 
without the benefi t of the reference points and 
perspective of actually sitting at the controls. 
So, while you could possibly manage as the 
machine was fl ying away from you, as soon 
as you bank around to return, everything is 
reversed and they become even harder to fl y. 
Add in the fact that they have no computer 
stabilisation, and you will spend a frustrating 
amount of time crashing and repairing.  

FLYING FOR FUN
USE YOUR DRONE TO LET LOOSE AND HAVE FUN WITH FRIENDS AND FAMILY WHEREVER YOU ARE 
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Many people see modern drones as something mainly 
used by filmmakers and hard-core technology geeks. 
UAVs can be seen as elitist, hard to fly and needing 
considerable technical skills as well as exceptional 
hand-eye coordination. In fact, the technology in 
modern UAVs means that radio-controlled flying is 
easier and more accessible than ever before. If you’re 
thinking of investing in a quadcopter of your own, 
but worry that it may be just a fad and will soon be 
forgotten at the back of the spare room, here are a few 
ideas on fun things to do with a drone that anyone can 
try, which will stop you becoming bored with your UAV. 
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Modern UAVs are a lot different. They have 
multiple rotors, meaning that there is no 
requirement for a tricky tail rotor to counteract 
engine torque. Many of them come equipped 
with fi rst-person-view cameras that actually 
put you aboard the machine. Plus, most vital 
of all, they have incredibly complex stability 
control systems, which give them the ability 
to hover at a single point in space without the 
continuous inputs you would normally need in 
a conventional scale model helicopter. 

What this means is that almost anyone 
can fl y a modern drone, opening up the 
opportunities to share the fun on a wider scale 
than has ever been the case before. Everyone 

“ALMOST ANYONE CAN FLY A MODERN DRONE, OPENING 
UP THE OPPORTUNITIES TO SHARE THE FUN ON A 
WIDER SCALE THAN HAS EVER BEEN THE CASE BEFORE“

● Everyone in the family can try operating the drone without 
worrying about major damage

● Radio-controlled 
flying is now easier and 

more accessible than it 
has ever been before

FLYING FOR FUN

from the smallest youngsters right through 
to your most senior family members can try 
operating the drone without worrying about 
major damage. You can have a great day of 
family fun with a drone-fl ying competition 
that will challenge your family to fi nd the 
greatest drone pilot. And while at fi rst you may 

need to teach your children how to fl y a UAV, 
frustratingly, it won’t be very long at all before 
they’re the ones doing the teaching as you ask 
them how they actually did that stunning drone 
move you just witnessed. 

We’re going to outline some great exercises 
for all the family to try. They’re really good ways 
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“MOST PEOPLE WITHIN THE INDUSTRY PREDICT THAT 
WITHIN THE NEXT DECADE, A HUGE NUMBER OF PEOPLE 
WILL BECOME DRONE OWNERS“

● GPS mode gives maximum protection and 
makes sure your drone will return to base

of teaching everyone how to fl y a drone safely, 
together with some reminders of ways to help 
complete beginners stay safe. 

First, use GPS mode for maximum 
protection and so it returns to base. 
Remember, there is no gentle take-off option. 
This is deliberate in order to take the drone to 
a safe hover height. Don’t try to hover close to 
the ground; it simply makes it harder than is 
needed at fi rst. Always fl y with the propeller 
guards fi tted, especially if everyone else in the 
family is looking on. 

Start with ‘tail in’ moves. By this we mean 
that the drone’s nose is facing away from you. 
This makes everything easier, as your left is the 
drone’s left and so forth. Have a contest to hold 
the steadiest tail in hover, then have a series of 
practice landings. 

Build on this with ‘side on’ manoeuvres 
where you get everyone to fl y the drone by 
looking at it side on. Ensure nobody turns 
sideways to match the drone’s orientation. 
That way everyone can develop the skills 
needed to operate it from any angle. Fly with a 
nose-in hover. This will sort out the winners, as 
that can be the hardest to master mentally. 

BECOME A DRONE COLLECTOR 
If the UAV-fl ying passion grips you early 
on, you’ll soon fi nd that owning just one 
quadcopter isn’t enough. As you become more 
accomplished and your skills grow, you’ll soon 
be casting your eyes around for additional 
drones. This is where it can become addictive 
because, while the technology has become 
more mature in the last few years, it’s still a 
rapidly developing science. Most people within 

the industry predict that, just like the 
explosion in mobile-phone ownership, 

within the next decade a huge number 
of people will become drone owners. 

● They have incredibly 
complex stability 
control systems, which 
give them the ability to 
hover at a single point

There are several ways to expand your drone 
collection; here are our favourite ideas on how 
to develop your UAV army. 

First, look at the areas you’re not currently 
active in drone fl ying, and think of acquiring 
specialist drones for each task, then learn 
to become as accomplished as possible in 
that discipline. Chances are, you may well 
have a DJI Phantom product. It’s the world’s 
bestselling drone, but hot on the heels are 
new drone models. Consider buying drones at 
different price points for different projects. 

For example, there are many drones at 
very low purchase fi gures that could almost 
be considered disposable. In the fi lmmaking 
industry, they’re referred to as ‘suicide 
cameras’, as they’re genuinely not expected to 
survive. As long as any camera footage can be 
recovered, that’s what matters. While you may 
not wish to harm your faithful drones in such 
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looking at it side on. Ensure nobody turns 
sideways to match the drone’s orientation. 
That way everyone can develop the skills 
needed to operate it from any angle. Fly with a 
nose-in hover. This will sort out the winners, as 
that can be the hardest to master mentally. 

on, you’ll soon fi nd that owning just one 
quadcopter isn’t enough. As you become more 
accomplished and your skills grow, you’ll soon 
be casting your eyes around for additional 
drones. This is where it can become addictive 
because, while the technology has become 
more mature in the last few years, it’s still a 
rapidly developing science. Most people within 

the industry predict that, just like the 
explosion in mobile-phone ownership, 

within the next decade a huge number 
of people will become drone owners. 

to develop your UAV army. 

active in drone fl ying, and think of acquiring 
specialist drones for each task, then learn 
to become as accomplished as possible in 
that discipline. Chances are, you may well 
have a DJI Phantom product. It’s the world’s 
bestselling drone, but hot on the heels are 
new drone models. Consider buying drones at 
different price points for different projects. 
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FLYING FOR FUN

l Choosing a large 
open space will allow 

you to practise without 
the risk of  crashing 

into objects or people 

l If you don’t want to buy a 
drone like this DJI Inspire 1, 
you could make your own

Many drone projects are crowd 
funded. The cutting-edge, global 

technology lends itself to this method 
perfectly. If you wish to speculate on 
a UAV project like this, do it through 
recognised sources, such as Kickstarter or 
IndieGogo. They verify that the projects 
that exist are worth supporting. Most 
projects offer perks for supporting them, 
such as special editions or early delivery. 

The idea is that, instead of trying to 
convince one big financial institution to 
give all the money, they ask lots of people 
across the world to loan small amounts 
each. When the project is successful, 
everyone gets their pledge returned to 
them in the form of the final product. 
      It pays to read up on each project and 
check the protections that are on offer 
from each platform.

INSIDE DRONE CROWD FUNDING
HOW CROWD FUNDING WORKS AND WHAT TO LOOK FOR

a brutal way, having drones like that will give 
you the confidence to experiment with sending 
your quadcopter into areas that you may well 
not wish to risk your more expensive drone. 

If competition is something that excites you, 
racing drones is a new but rapidly growing 
sport. You will definitely need to add to your 
drone collection for this one, and you will 
almost certainly be building some elements of 
this yourself. 

BE INVOLVED IN DRONE DEVELOPMENT 
You may well become fascinated in the 
technology behind drones and want to know 
more. While you can learn a significant amount 
by building your own drone from a kit, there is  
a limit to how much you can actually learn  
from existing technology. New drones are 
arriving all the time, and you can be involved  
in their development.  

Many fresh drone projects are launched 
through Kickstarter and other crowd-funding 
platforms, so this is a great place to get the 
heads-up on what could be the next cutting-
edge advancement in UAV development. To 
compete with industry giants like DJI, many 
fresh startup drone companies are looking to 
crowd-funding platforms to generate enough 
resources to get their project moving. 
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Modern UAVs have 
sophisticated software 

and stability controls that make 
them extremely easy and stable 
to fly. You can have great fun 
teaching everyone in the family 
to fly a quadcopter, but here are 
our important tips on how to do 
it safely:

TEACH THE FAMILY TO FLY
MODERN DRONES ARE THE MOST STABLE THEY HAVE EVER BEEN

● With many youngsters 
using drones, the next 
generation is going to 
grow up with them

● As well as being great fun, drones can also be commercially beneficial when 
selling properties, for example

•   Always fly with the prop 
guards on and stay more 
than a few metres away.

•  Fly with GPS mode enabled 
and allow the technology to 
help beginners to fly.

•  Fly at no more than walking 
pace until everyone involved 
becomes confident.

•  Remember, less is more. 
Make drone movements 
smooth and slow for the 
best results.

MODERN DRONES ARE THE MOST STABLE THEY HAVE EVER BEEN
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DRONES TO HAVE FUN

PARROT HYDROFOIL
For some serious fun, this new mini-
drone from Parrot allows you to 
connect your drone to a hydrofoil and 
skim across the water at speeds of 
up to 6mph. Twice the fun, this is the 
perfect drone for kids and anyone 
planning on taking their drone near 
water, without the worry of losing it! 

PARROT BEBOP
The Bebop is an excellent addition 
to your aviary, especially if you wish 
to partake in drone acrobatics. The 
Parrot Bebop has a built-in FPV 
camera, plus acrobatic ability at a 
very affordable price point. 

PARROT AIRBORNE
Another of the new range of mini-
drones from Parrot, the Airborne 
comes in two varieties; Night and 
Cargo. The Night version allows you 
to activate LEDs on the drone using 
the FreeFlight 3 app to explore 
during darkness, while the Cargo 
will let you attach small payloads 
to transport around the house.
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FLYING FOR FUN

Crowd funding can be diffi cult to understand 
sometimes, so it pays to do some research. 
Often, the developers are only looking for small 
sums of money from each ‘backer’. In return for 
an up-front pledge of funding, you receive one 
of the very fi rst UAVs when the design comes 
to fruition. Several leading fi lmmakers are 
actively involved in supporting crowd funding 
drone projects, so it pays to study what their 
views are. Filmmakers such as Philip Bloom 
have backed several successful crowd-
sourcing UAV ventures, so it’s worth reading 
his blog on what it takes to see a successful 
project through to production. 

The Zano nano drone, for example, started 
as a crowd-funding project, and has now 
reached the point where the designers are 
ready to ship. Being involved in a crowd-
funding drone project can be an exciting way 
to feel involved in the development and birth of 
a new UAV. Look carefully at the small print of 
each project before committing funds. You will 
learn an awful lot, not just about quadcopter 
technology, but also about the stresses of 
bringing a new product to market and watching 
the developers strive to be successful. When 
you receive your fi rst crowd-funded drone, 
you’ll justifi ably feel proud of the fact that not 
only do you own the latest in drone technology, 

“WHEN YOU RECEIVE YOUR FIRST CROWD-FUNDED 
DRONE, YOU’LL FEEL PROUD THAT YOU HELPED START A 
NEW BUSINESS AND LAUNCH A FRESH PRODUCT“

but you helped start a new business and 
launch a fresh product into the world. 

BECOME A UAV AEROBATIC PILOT 
As your drone skills reach a high standard, 
you’ll want to push the envelope of what’s 
possible. Just like pilots of full-scale aviation, 
the limits can be exciting places to be. 
Welcome to drone aerobatics. Many of the 
moves achievable by aerobatic or acrobatic 
drones are similar to conventional aircraft. 
The best way to learn drone aeros is to 
research online for how-to videos. There are 
experts able to give video walkthroughs of 
each manoeuvre to help get started. Obvious 
moves like loops and rolls are within reach of 
many of the smaller, agile drones. But once 
you’ve mastered these, it becomes obvious 
that a quadcopter is capable of far more than 
this. Acrobatic drones are fast-moving, aerial 
gymnasts able to undertake moves such as 
back fl ips on the spot, upside-down fl ying and 
many, many other moves. If an acro-drone is 
for you, there are specialist drones currently 
in development that will achieve ever more 
stunning moves. At some point, perhaps we’ll 
add smoke to them and start the very fi rst 
formation drone airshow team. Now that would 
be a project worth supporting.

● Once you’ve 
mastered your 
drone, you might 
think about 
entering drone 
competitions
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PAYLOAD LIFTING DRONES 
Most drones in the marketplace today have 
been designed to lift a simple, fi xed payload. 
That payload is almost exclusively a camera, 
as we satisfy our obsession on being able to 
triumphantly look down on the world from 
above, as never before. But to lift anything 
other than a lightweight GoPro, drones need 

DELIVERIES, ERRANDS & MORE
CAN DRONES UNDERTAKE TASKS ON OUR BEHALF AND ARE UAVS THE ASSISTANTS OF THE FUTURE?
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We’ve been coming up with ways to make our lives easier for centuries, 
starting with the invention of the wheel. Today, many people look upon 
the drone phenomenon as either something used by the military, or a bit 
of harmless fun that keeps enthusiasts busy when they’re not playing 
with metal detectors. Many people don’t realise that drones have the 
potential to become a very useful thing to have around the home. We look 
at ways for people to use drones in their everyday lives and how they 
might help us still further in future. 

at the stability and agility of the current UAV 
generation, it has to be said that each UAV is 
mainly built to undertake a specifi c task, 
with little performance left over to diversify 
into lifting loads. Most drones cannot 
multitask. Even adding a few grams of extra 
weight is enough to make some lightweight 
drones struggle to be airborne. However, 
there are ways around this, but they involve a 
little experimentation. 

EXPERIMENTING WITH PAYLOADS 
If you’re a drone owner already, the chances 
are that you have a DJI product. The company’s 
Phantom is the market leader and has been 
for some time. While it doesn’t come with 
any stated lifting capacity, it’s possible to 
ask it to do small things. The landing skids 
of the Phantom are perfect for hooking up 
small objects and carrying them around the 
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to change. Pick up a quadcopter for the fi rst 
time and you will probably be surprised at how 
little they weigh. That isn’t the manufacturer 
frugally skimping on materials – it’s done for 
a reason. Like anything involving aviation and 
fl ying, weight is the enemy. The more your 
drone weighs, the less of a payload it can 
accommodate. While we are certainly amazed 
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● Pars is a lifeguard drone that can carry 
and drop life preservers to people who need 
rescuing at sea

● The Burrito Bomber was created by workers at Yelp, and hopes to have tasty 
Mexican foodstuffs dropping from the sky once given the okay from the FAA
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house. The single biggest issue we found 
when attempting this is the amount of motor 
power required. Just like a heavily laden 
cargo aircraft struggling down a runway, 
the Phantom had to be coaxed off the fl oor. 
Gentle control inputs were vital to keep the 
machine sitting on it’s ‘air cushion’. Too much 
sideways movement and it was possible to 
run out of power, with the Phantom gently 
losing altitude. While this is challenging and 
great fun, it’s not going to be a practical 
way of fetching our drinks and snacks from 
the refrigerator. A simple way to improve 
a Phantom’s performance is using bigger 
batteries, which can deliver a higher discharge 
rate and also a longer fl ight time. But there 
are limits to what can be done before you 
simply overheat those hard-working motors 
and you have a crash. Perhaps your Phantom 
is best as a household servant delivering 
lightweight canapes and appetisers at your 
next garden party?

To lift objects around the home, or be 
able to send your drone to collect food for 
the barbecue while you stoke the coals, you 
really need a payload-lifting drone. The good 
news is that they’re surprisingly inexpensive. 
UAV Frame in the Netherlands is a leading 
European payload-carrying drone specialist 
chassis, while in the USA, Freefl y Systems has 
adaptable UAVs. These companies are able to 
supply you with everything you need to build 
a powerful drone capable of carrying loads 
of several kilos. While you’ll need to built a 
payload-lifting drone yourself, for many people 
that’s part of the fun. A payload-lifting UAV can 
be modifi ed and upgraded as the technology 

“JUST LIKE A HEAVILY LADEN CARGO AIRCRAFT 
STRUGGLING DOWN A RUNWAY, THE PHANTOM 
HAD TO BE COAXED OFF THE FLOOR“

DELIVERIES, ERRANDS & MORE
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l The DHL 
parcelcopter could 
change the way 
companies deliver 
packages to customers

l Many aspects of the drone’s 
autonomous flight have to be 

monitored, and it’s likely to still 
be a while before we see it in 

the skies over the UK or US

its own autonomous drone. On our busy roads 
today, one of the most frustrating things is 
sitting in what seems like an endless traffic 
jam, stationary with no apparent end in sight 
to your predicament. The Kwid concept will 
deploy a drone from a roof-mounted cargo 
compartment and send it ahead to investigate 
the source of the problem, relaying back 
information and images to the car’s central 
touch screen or to your tablet device. While it 
may not help speed up your journey, if nothing 
else it can help solve that annoying situation 
of sitting staring at the rear of the truck ahead, 
without the faintest idea why you’ve been 
sitting in one place for the last 40 minutes. 

An even more useful way to employ a car-
launched drone is to give yourself an edge over 
the opposition when it comes to finding that 

car parking space in a busy parking lot. This is 
something in theory you could be doing right 
now, without having to wait for a future concept 
car to arrive. Instead of creeping up and down 
each lane in the hope that you’ll find a space 
before the other people around you, simply 
take a small, autonomous nano-drone such 
as Lily or Zano and take a top-level overview 
of the whole parking situation. Once you’ve 
found your spot, you may not be able to use 
your UAV to defend it from others, but at least 
you’ll know where you’re heading. Obviously 
currently this is just a dream because of legal 
restrictions, but changes could be coming. 

BIG PAYLOAD DRONES 
Using UAVs and drones for automated tasks 
to make our lives easier is actually nothing 
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“THE KWID CONCEPT WILL DEPLOY A DRONE FROM A 
ROOF-MOUNTED CARGO COMPARTMENT AND SEND IT 
AHEAD TO INVESTIGATE THE SOURCE OF THE PROBLEM“

advances and we find new ways to transport 
loads remotely. Most cargo quadcopters carry 
cargo either as an underslung load, in true 
full-sized helicopter tradition, or on top of the 
UAV in a cargo tray. A drone such as this one is 
perfectly capable of conveying a tray of drinks 
around your garden barbecue guests or even 
delivering the odd burger or two.  

UAVs can help us in other ways, too. You 
know that hard-to-reach gable end of your 
house roof? And that inaccessible area at the 
highest point? Take your drone and fly yourself 
up there, recording on camera exactly how 
bad the condition is to get a clear idea just how 
much the job will cost. At all times though, 
make sure you stick to the rules and aren’t 
breaking any laws when using your drone 
around the house or others. 

DRONES AWAY FROM HOME 
Scouting by drones away from home is a pretty 
useful idea. One of the greatest applications 
we found, though one that’s not yet available, 
is the Renault Kwid with roof-deployed drone. 
In a brilliant piece of frustration-proofing 
design, this concept car comes complete with 

        D
ELIV

ER
IES, ER

R
A

N
D

S &
 M

O
R

E

x3 © DHL



THE DRONES BOOK  81

Renault Kwid – a drone-launching concept car
Renault is ahead of the game in integrating drones into our lives
l Beyond the playful and 
imaginative styling of the Kwid 
Concept, the concept car also 
comes equipped with a host of 
technology-driven features, led 
by its Flying Companion. Aimed 
at offering a safe as well as fun 
driving experience, the Flying 
Companion is the first of its 
kind in the automotive world. 
Taking off from the rotating rear 

portion of the Kwid Concept’s 
roof, the Flying Companion can 
be operated in one of two modes 
– the automatic mode using a 
preprogrammed flying sequence 
and GPS location; and the 
manual mode, which enables the 
companion to be controlled using 
a tablet inside the vehicle.

Whichever way it’s controlled, 
the Flying Companion can be 

used for a variety of purposes, 
including scouting traffic, taking 
landscape pictures and detecting 
obstacles on the road ahead.

“Customers in new markets 
are much younger,” says Serge 
Mouangue, brand manager and 
innovative cooperative laboratory 
manager at Renault. “Their 
expectations are different and 
customers are basically gamers. 

They tend to take a closer interest 
in technology and want to enjoy 
themselves. This concept car 
meets those needs in a variety 
of ways, but mainly thanks to the 
Flying Companion which makes 
driving both safe and fun. This 
is the very first time in the long 
automotive history we can drive 
on Earth with an eye in the sky. 
It’s an amazing feature!”

l As shown in this concept 
drawing, the drone would 

launch from a compartment 
in the roof of the Kwid

DELIVERIES, ERRANDS & MORE
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Payload-carrying drones are already with us. Yamaha’s agriculture drones are 
very successful, but held back by legal restrictions outside of Japan. Retailers 

such as Amazon are already planning autonomous drone deliveries and are testing 
right now. But drone capability is advancing faster than UAV rule-making. Legislation 
is currently trying to match the pace of UAV developments and demands from both 
consumers and businesses who can see the possibilities. 

The big sticking point will be drone autonomy. By that, we mean that UAVs are 
arriving with the ability to be aware of their surroundings, which means that they 
can make decisions to avoid obstacles and people. However, in most countries, drone 
legislation prohibits drone operators from operating their UAVs out of direct sight and 
also to allowing it to make flight decisions. 

So while we may welcome the idea of drones making our lives easier, right now 
we’re still tethered to the idea of having to supervise them. Perhaps when we learn to 
trust drones as future models appear, we may be able to resume drone beer deliveries.

l Using your 
drone to get a look 
up at rooftops can 
help you spot any 
damage in need  
of repair

new. Many people are unaware that Yamaha 
has been supplying agriculture specialists 
worldwide with an amazingly powerful UAV 
capable of crop spraying. In Japan, UAVs have 
a far easier life when it comes to legalities. 
As you may expect from such a technology-
driven country, it’s perfectly legal in Japan 
to operate a payload-carrying drone and 
use it to deliver that payload from the air. 
Yamaha has been operating remotely piloted 
helicopters for commercial purposes since 
1991 and has amassed well over 2 million 
total flight hours. The company’s UAVs 
carry payloads of over 25kg in hoppers or 
spray tanks. In Japan alone, there are over 
2,500 Yamaha remotely piloted helicopters 
utilised in agricultural applications, carrying 
out pest control in 35 per cent of Japan’s 
rice fields. Furthermore, remotely piloted 
helicopters are used in applications other 
than agriculture, such as academic research, 
disaster prevention, observation and survey 
work. The Yamaha drones are powered by 
petrol engines, but a full electric development 
prototype is not far away. The company is 
currently negotiating with the American 
FAA regulators to allow it to enter the US 
agriculture market for the first time.  
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BIG PAYLOADS AND  
AUTONOMY ARE COMING
DRONES ARE ADVANCING QUICKER THAN RULE-MAKING. WE LOOK AT THE FUTURE

“YAMAHA HAS BEEN OPERATING REMOTELY PILOTED 
HELICOPTERS FOR COMMERCIAL PURPOSES SINCE 1991“

l Lakemaid tested a 
drone delivery service of 
its beer to fishermen in 
Minnesota, before being 
stopped by the FAA
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of autonomy, will the rule makers allow them 
the legal freedom that’s needed to trust 
them to complete tasks without constant 
supervision from humans? In America recently, 
a beer company in Wisconsin introduced drone 
delivery of its products. Taking orders from 
enthusiastic fi shermen out on frozen lakes, 
the drone was able to autonomously deliver 
a payload of up to 12 cans to specifi c co-
ordinates. While it may have been a successful 
publicity stunt, the FAA, America’s regulatory 
aviation body, heard of the activity and banned 
any further beer delivery adventures. 

While drone technology is advancing, 
humans and rule makers perhaps need to 
take a balanced view on the technology and 
how best to integrate it in a useful way. After 
all, what is the point in having a UAV to free 
up more time if you then have to constantly 
monitor its activities? The time may come when 
we will be able to leave a task list for one of our 
UAVs as we head to the beach with its robotic 
colleagues to enjoy fi lming ourselves surfi ng 
while a third nano-drone fl ips the burgers on 
the grill. Drones may well eventually progress 
to having their own navigation lanes overhead, 
just in case we are unaware of that six-pack of 
beer that’s just broken loose. 

DRONES FOR THE JOB

HUBSAN X4 H107C
The X4 H107C revolutionises the 
micro-drone marketplace. Small 
enough to fit into the palm of your 
hand, you could keep it in the 
glovebox of your car and deploy it 
to investigate car parks and get the 
heads-up on that annoying traffic jam 
you’re sitting in.

FREEFLY ALTA
Designed for aerial cinematography, 
the Freefly ALTA drone is able to lift 
a heavy RED camera with associated 
gimbal, so one of these drones can be 
developed quite easily into a UAV with 
a useful payload. Not cheap, but top-
quality and at the leading edge of the 
big drone market.

YAMAHA 
AGRICULTURE DRONE
Yamaha’s large, heavy-duty drone is 
capable of delivering 25kg payloads. 
It’s powered by a four-stroke petrol 
engine and can be programmed 
to conduct aerial crop spraying 
autonomously. The potential for 
drones like this in countries across 
the world is huge.

WHAT’S THE FUTURE FOR 
OUR DRONE ASSISTANTS?
While they may be some way off, mainstream 
drone assistants are an exciting prospect. 
As battery technology improves and electric 
motor power increases, they will be able to 
carry greater payloads over longer distances. 
Add in the fast-developing technology of 
drone autonomy and self-awareness and 
they become genuinely valuable assistants. 
Battery power in the automotive sector has 
progressed massively in recent years. just 
imagine if someone such as Elon Musk, with 
his combination of Tesla car technology and 
SpaceX  astronautics, became involved in 
drone development? The future of drone 
assistants is potentially mind-blowing. 

The future could indeed be pretty exciting 
for drones as personal assistants and minions. 
In addition to hazardous activities and being 
able to photograph things from the air, UAVs 
have the potential to undertake boring and 
repetitive workload tasks with ease and 
release us to do more of the things we love in 
our lives. 

  The big thing is this: currently, technology 
is developing far more quickly than legislation. 
As drones are developed with a greater degree 
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BEST DRONES FOR EXPLORING 
The best drones for investigating new 
viewpoints are perhaps not the big, half metre 
diameter octocopters. While they can lift a 
signifi cant, high resolution camera, there’s 
little doubt that they’re far more intrusive 
than their smaller colleagues. Even a DJI 
Phantom can generate a signifi cant racket 
and downdraft, so it pays to give some 
thought on what type of exploring you may 
be undertaking. Exactly how you plan to view 
and record your progress will also need to be 
considered. If you’d simply like to take in the 
view and have a virtual stroll around from a 
unique perspective, then FPV goggles will 
give a totally immersive feel to your fl ight. 
Fat Shark is the leading drone fl ight goggle 
manufacturer. While not cheap, they are high 
quality with high magnifi cation.  

If you wish to record your exploration for 
viewing later, a drone with a gyro stabilised 
camera will be essential. The standard DJI 
Phantom comes with a perfectly acceptable 
built-in camera, while the Phantom Plus offers 
the ability to add the stunning GoPro camera. 
This gives you the option of being able to use 
the camera away from the drone for other 
projects without the additional cost of another 
camera. Indeed, if you already own a GoPro, 
this is the best option for you. 

EXPLORE WITH YOUR DRONE
DRONE EXPLORATION NEED NOT BE ARDUOUS AND PHYSICAL. HERE’S OUR GUIDE TO UAV EXPLORATION ON YOUR DOORSTEP
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Drones were invented for exploration. From the early Cold War space 
satellites that photographed our surrounding planets, through bomb 
disposal robotics to the latest military search and destroy UAVs, we have 
been sending drones into situations too risky for humans for many years. 
Drone technology is now accessible to all of us at a price point that we can 
only have imagined just a few years ago. And while we may not be able to 
reach up into the stratospheric levels of spy planes, we now have small, 
ultra-light quadcopters that let us see our immediate surroundings as never 
before. We take a look at ways to explore your surroundings and discover 
new viewpoints of the places we’ve previously only seen from eye level.

In big, wide open spaces, a ‘standard’ sized 
quadcopter will be perfectly fi ne. In fact if it’s a 
windy day, it’s probably for the best. They have 
more power giving resistance to winds, plus 
they have longer endurance enabling you to 
stay fl ying and investigating for longer. But as 
technology advances, we’re seeing more and 
more nano-drones appearing, plus UAVs with a 
degree of autonomy.  

The Zano nano drone, for example, has 
tiny dimensions that allow it to literally sit in 
the palm of your hand. Yet it has a powerful 
camera capable of transmitting images 
back to your iOS or Android device via Wi-Fi 
and has a degree of autonomy and stability 
unheard of from such a small UAV. Its ability 
to use a combination of GPS and inertial 
navigation means that it’s almost ‘self aware’. 
Add in infra red sensing and it’s able to ‘see’ 
obstacles and avoid them, making it a great 
drone to send exploring. 

Lily is another ‘self aware’ drone that is 
launching in early 2016. If you wish to fi lm your 
own exploration and record yourself as you 
hike across wide open countryside or climb 
trees, the Lily will focus on you without you 
needing to be actively involved in fl ying it. Lily 
will fl y off, hold position and fi lm you as you 
explore. Perfect for that David Attenborough ©

 S
ta

cy
 G

ar
lin

gt
on

 / 
D

JI



style ‘piece to camera’ once you’ve climbed 
that hill. 

Finally, as we’ve previously mentioned, 
exploring with drones can be a hazardous 
business. The very definition of the view you’re 
trying to achieve means that your drone is 
at risk. You may wish to consider choosing a 
drone at a lower price point that, should it die 
in the line of duty and never return, won’t be 
too distressing to your wallet. You don’t want to 
lose a DJI Phantom 3 or Parrot Bebop on your 
first flight. You might also want to invest in a 
crash pack to protect your drone if accidents 
occur, and a propeller guard can safeguard 
against serious damage.

TECHNICALITIES AND LEGAL ISSUES  
WITH GOING UAV EXPLORING 
Sending your drone exploring can be incredibly 
informative and gives you an angle on your 
environment that you’ve never experienced 
before. But in your enthusiasm, don’t forget 
several crucial technical, legal and simple 
common sense elements that are easy to 
ignore when you’re excited at achieving that 
first unique viewpoint. 

Firstly, the technicalities and legal stuff. 
Each country has its own rules for drone flying 
and many of these apply even if you’re flying 
privately and not as a business. Be sure to 
obey the rules regarding your UAV’s proximity 
to other people. For example UK rules state 
that you should be in control of your drone and 
it remains a certain distance clear of other 
people and within your direct sight. If you’re 
exploring on holiday with your drone, check the 
regulations in that country. 

If you’re sending your drone into an enclosed 
space, don’t forget that all UAVs depend 
heavily on GPS for their positional awareness 

and navigational ability. The Return To Base 
function will not work if your drone loses 
its positional fix, so your UAV will panic if 
the batteries run low and it needs to find 
somewhere safe to land. Also, don’t forget 
that most drones are still not ‘self aware’. They 
cannot see obstacles and they rely on you for 
guidance. We talked to one drone operator 
who was flying off a coastal pier, exploring 
the ancient timbers below his feet. His drone 
panicked about a low battery and activated 
its return to base function. All was well as it 
winged its way in a direct line towards the end 
of the sunny pier, until just a few feet from 
home it hit the safety railings and bounced 
into a salty, corrosive ocean. So before you 

send your UAV on a mission, consider what its 
escape plan is likely to be if and when things go 
a bit wrong. 

When exploring, be a good neighbour. Don’t 
forget that not everyone will find the high 
pitched whine of drone motors and propellers 
quite so exciting. Many people are worried 
about invasions of their privacy and indeed 
some countries, such as France, have quite 
strict laws on people’s right to privacy, even 
in a public place. As time passes, people will 
come to accept drones as just part of everyday 
life, but as a responsible drone owner you 
should accommodate other people when out 
exploring, and always ensure you’re aware of 
the laws before you start flying. 

WHERE TO EXPLORE 
You won’t need to travel far from home to find 
some fascinating places to explore with your 
UAV. Places that you’ve frequently passed by 
and are considered familiar take on a whole 
new dimension when you begin to consider 
approaching them with a quadcopter. Here 
are our favourite environments for exploration, 
many of which will be just a short distance from 
your home. 

A great place to practise exploration is a 
beach or shoreline. If you’re just beginning drone 
flying, this environment offers a diverse range 
of things to explore as well as offering you a 
chance to gradually dip your toes in the water 
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“SENDING YOUR DRONE EXPLORING CAN BE INCREDIBLY 
INFORMATIVE AND GIVES YOU AN ANGLE ON YOUR 
ENVIRONMENT THAT YOU’VE NEVER EXPERIENCED“

l If you’re a 
keen hiker or 

traveller, you can 
use a drone for 

reconnaissance

l Utilise your drone to gain a new perspective on landmarks in your community
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Take a look around your immediate area on foot. Limit 
yourself to a one mile radius of your home and make a 

shortlist of places that would be interesting to explore with 
a UAV. Once you adopt that open-minded attitude, you’ll be 
amazed at the places that were previously inaccessible that 
can be viewed and explored with a quadcopter.

Places that you pass by all the time will become interesting 
once more when you consider the parts of them that you can 
now access via UAV. Anything from flying off the edge of a 
multistory car park to flying up into the tree canopy to watch 
birds and squirrels in local woodland are all things you’ve 
probably seen before, but never from that unique perspective.

EXPLORE WITH YOUR DRONE
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START WITH A CLEAN SHEET
OPPORTUNITIES TO EXPLORE ARE ALL AROUND YOU

● Exploring your neighbourhood 
via drone can be exhilarating, but 

check that you’re not breaking 
any laws before you start flying
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and become more adventurous in a progressive 
way. You can begin by flying safely along the 
flat, open beach. Start by flying over to piles of 
driftwood to become confident before venturing 
into the sand dunes and carefully through the 
tall grasses. Beach huts and fishing boats in 
storage are a great subject to fly over and see 
from a new angle. As your confidence grows, 
start flying out to places that you genuinely 
cannot reach. At low tide, many shorelines and 
estuaries have mud flats. If you’re confident 
that you’ve set up your return-to-base function 
accurately, you can fly out across areas that 

In this modern age, with health and safety being the mantra of every security 
guard, gaining access to some areas can be difficult, but not impossible. It pays 

to persevere and try to gain permission to access some areas, but it’s never easy. 
Firstly, don’t just try to enter without permission. Not only will you antagonise 

everyone including security staff, it’s potentially dangerous and illegal. Old buildings 
are closed off for a reason, generally because there are hazards inside.

On-site staff will rarely be in a position to give permission, so don’t ask. Instead, 
find out who the owners are and approach them. Give them an upside by offering to 
document the building for them and ask what its future is. You’re far more likely to be 
successful if they can see some benefit in it for them.

l Although 
getting aerial 

shots like  
this one is great, 

bear peoples’ 
privacy in mind

l Choose your locations carefully to get the perfect shot

humans would simply sink into and yet you can 
explore them with ease. Once you become an 
accomplished shoreline explorer, fly out over 
the sea and underneath old piers to explore 
wave tops and the pier superstructure. Why 
not try hooking up with some local surfers and 
collaborate by shooting a surf video of them in a 
way they’ve never been able to before? 

If you live miles inland or in a large city, urban 
areas can sometimes be difficult to explore. 
Local parks sometimes have restrictions on 
drone flying at the moment, so instead think 
outside the box. Consider how your local town 

might look if explored and filmed at a time of 
day when few people are around. Okay, so it 
will mean an early start, but just imagine how 
you could explore your local area early on a 
summer’s morning before the rest of the world 
awakes. If you’re flying away from large groups 
of people, the chances are that at that time of 
day you’ll be perfectly legal to fly your drone 
around your local town before everyone else 
is awake. Just imagine what local sculptures, 
monuments and other landmarks will look like 
when explored by UAV. Even if you think that 
your local area is not particularly photogenic, 
don’t be disheartened. You could create a 
Blade Runner-style video, full of gritty, urban, 
industrial footage. That area of waste ground 
can be explored without you becoming covered 
in grime or twisting your ankle on broken 
concrete and metal.  

For full on urban exploration, try and contact 
owners of old industrial properties. Disused 
and derelict industrial property is often 
awaiting demolition and is a fascinating venue 
for UAV exploration. Getting permission to fly 
here is crucial, but also sadly quite difficult. 
Human nature is such that when asked the 
question, most employees will say no, simply 
because they’re worried about the downside 
of someone getting hurt, either by your UAV or 
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Perhaps surprisingly, wildlife and animals 
are generally unperturbed by drones. The 
Royal Society conducted research on bird’s 
response to drones in their vicinity and over 
80 per cent were simply not bothered if you 
stayed more than four metres away. It’s one 
of the reasons why wildlife fi lm crews love 
fi lming from helicopters. The only time birds 
showed distress was when approached from 
above, probably because the UAV took on the 
appearance of a predator such as a hawk. Stay 
a respectable distance away and don’t posture 
your drone as a predator and most animals are 
quite happy to allow you into their world. 

The single biggest thing to consider when 
drone exploring is to start with a completely 
clean sheet and an open mind. The areas, 
landmarks and locations that you have passed 
by every day for years are actually interesting 
to explore when using a UAV. You don’t need 
to be deep in the Arctic or a rainforest to be an 
explorer – opportunities are all around you. 

● Use your 
drone to explore 

areas that 
you’d normally 

struggle to 
traverse

BEST DRONE TO USE

DJI PHANTOM 
Still considered the industry 
standard, the Phantom is widely 
available, with lots of resources 
to help you learn and if you go for 
the GoPro mount, you can use your 
camera for other things and spread 
the cost. 

HUBSAN X4 H107 
The Hubsan X4 H107 and H107C are 
on sale now. This compact drone is 
small enough to fit in the palm of your 
hand and agile enough to perform 
a range of tricks and stunts. The 
main difference between them is the 
2-megapixel HD camera mounted on 
the H107C, perfect for taking pictures 
and recording your flights.

LILY
Shipping in summer 2016, the Lily is 
an autonomous drone designed to 
follow you and allow you to explain 
your surroundings to your viewers. 
It even floats, so the chances of it 
surviving damage are far greater than 
other exploration drones. Kayakers 
will love it.

by you hurting yourself inside the building. Do 
not annoy security guards by breaking into the 
property. Instead, use your negotiating skills 
to explain how they can obtain a unique fi lm of 
the old building before it is either destroyed or 
refurbished. Many times, you’ll be told no, but 
when you’re successful and are given access, 
you’ll be exploring an old building in ways that 
the people who lived and worked in it never did. 

If you’re lucky enough to have access to a 
natural environment, you’ll never grow bored of 
drone exploration. Exploring wildlife and nature 
from an aerial perspective requires a little 
planning but is perfectly achievable with most 
UAVs. Again, consider the places that humans 
cannot go. We don’t mean the depths of a 
volcano or fl ying over an iceberg, but there are 
sure to be places nearby that you’d love to see. 
Being able to fl y over the edge of a waterfall, 
then turn around and view it from 50 feet out in 
the void is a fascinating viewpoint that is great 
to share with others. 
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EXPLORE WITH YOUR DRONE



Big or small, fast or slow, all drones are subject to strict  
regulations when they go airborne across the globe

The accessibility of drones has 
exploded in recent years. Once 
solely a military venture, drones, 

UAVs, quadcopters, or whatever you want 
to call them, are becoming commonplace. 
Whether it’s to help with the shopping or 
delivering post, a quick breeze through the 
internet and you can buy (almost) whichever 
one you like. Crucially, various sets of rules 
and regulations have been put in place in the 

wake of this public drone explosion. These 
guidelines vary from region to region, with 
some countries more strict than others. The 
Federal Aviation Administration (FAA) controls 
everything drone in the USA, while the Civil 
Aviation Authority (CAA) performs the same 
role in the UK. Both have devised a series of 
standards that will allow for close regulation 
but also the flexibility to accommodate 
future developments. The FAA came into 

existence in 1990 and has sanctioned the 
use of UAVs for firefighting, policing and 
border control. Recently, due to the boom in 
consumer availability, it has had to revise its 
regulations. Normal police officers out on the 
beat now have the power to arrest anyone 
who is breaching the rules, allowing the FAA 
and other governing bodies to extend their 
legislation significantly. So, what can you do to 
stay safe and not get into trouble?

HOW NOT TO GET INTO 

TROUBLE
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T
ECHNOLOGY ASIDE FOR a second, 
what rules do the operator of a drone 
need to adhere to? Well, more than you 

might think. The FAA states that if you would 
like to fl y your own unmanned quadcopter, 
you must be at least 17 years of age and 
able to pass a specifi c aeronautical 
knowledge test. Only then would you 
be able to obtain your Certifi cate 
of Authorization (COA) and be able 
to take your new purchase to the 
skies. The COA currently lasts for 
two years and will take 60 days to 
process, but one time certifi cates are 
also available for what the FAA describes 
as ‘time-sensitive emergency missions’ 
such as disaster relief. 609 COAs were issued 
in 2014 compared to only 146 in 2009, so more 
and more people are becoming interested 
in what is a fast-growing pastime. Naturally, 
when in control, you must always avoid any 
other aircraft and stop as soon as you become 
a hazard to people or property. And for any 
showboaters out there, piloting two UAVs at 

a time is strictly 
prohibited. Altitude-

wise, you can only 
pilot your drone up to 

150 metres (500 feet) high 
and no faster than 160 kilometres (100 miles) 
per hour. Depending on where you live, you’ll 
have to be very aware of the limitations on 
where you can fl y. It is currently illegal to fl y 
UAVs within eight kilometres (fi ve miles) of any 
airport in the USA, and over national parks 
and military reservations. These rules prevent 

U
AVS COME IN all shapes and sizes, so regulations need to 
be fl exible so they can represent all drones in airspace. 
Safety is the primary goal of all aviation organisations, but 

the guidelines need to be effective and workable, too. The new 
rules take the rise of commercial drones into account and now 
allow the free fl ight of any drone up to 25kg (55lb) in weight. These 
rules were created by the FAA, whose spokesperson declared 
them “probably the most fl exible regime for unmanned aircraft 
55 pounds or less that exists anywhere in the world”. In the UK, 
the CAA understands that a wide range of tools and agencies are 
available to repair broken drones and requests that all UAVs be 
undamaged when airborne. Flying at night is also against the law 
and ‘line of sight’ is taken as 500m (1,640ft) horizontally and 122m 
(400ft) vertically. As you can see, there are still some practical 
issues that stop drones from taking off, but all these regulations 
don’t stop UAVs being incredibly useful machines. As well as 
having a bit of fun, they can be used for serious measures. It is 
hoped that small quadcopters can help spread pesticides and 
water crops in tricky-to-reach areas, as well as helping out with 
mountain rescue and other surveillance roles such as checking 
the numbers of endangered species.          

U
the guidelines need to be effective and workable, too. The new 
rules take the rise of commercial drones into account and now 
allow the free fl ight of any drone up to 25kg (55lb) in weight. These 
rules were created by the FAA, whose spokesperson declared 
them “probably the most fl exible regime for unmanned aircraft 
55 pounds or less that exists anywhere in the world”. In the UK, 
the CAA understands that a wide range of tools and agencies are 
available to repair broken drones and requests that all UAVs be 
undamaged when airborne. Flying at night is also against the law 
and ‘line of sight’ is taken as 500m (1,640ft) horizontally and 122m 
(400ft) vertically. As you can see, there are still some practical 
issues that stop drones from taking off, but all these regulations 
don’t stop UAVs being incredibly useful machines. As well as 
having a bit of fun, they can be used for serious measures. It is 
hoped that small quadcopters can help spread pesticides and 
water crops in tricky-to-reach areas, as well as helping out with 
mountain rescue and other surveillance roles such as checking 
the numbers of endangered species.          

the use of drones in many cities, especially 
the largest ones which have more than one 
airport. This has proven to be an essential rule, 
as a survey undertaken by The Washington 
Post between 2012 and 2014 found 15 cases 
where drones were caught dangerously close 
to other forms of aviation. In Britain, the 
emphasis on the operator is even stronger, 
with the CAA stating that any UAV is the 
complete responsibility of the owner and any 
failure to comply with the rules could lead to 
criminal prosecution.

THE MACHINE
DRONE REGULATIONS: 

THE OPERATOR
DRONE REGULATIONS: 

Privacy 
& noise control
Further to the basics of drone 

control, it is essential that UAVs 
avoid noise level violations, 

littering, invasion of privacy 
and obstructing emergency 

vehicles. Each of these 
can be a felony.
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A
S WITH ALMOST every new gizmo, worldwide 
fi rms are seizing the opportunity to jump on the 
drone bandwagon. Just look at Amazon who is 

close to introducing the drone delivery system, Amazon 
Prime Air. But what about the small time entrepreneur 
who’s looking to get some extra business with a little 
advertorial on their quadcopter? Well, the CAA states 
in its offi cial guidelines that for any commercial activity 
you must get the correct permission. If you don’t you 
could face prosecution. So make sure you take the 
correct measures if you want to give your new business 
venture a much-needed advertorial boost!

Restaurant chain TGI Fridays got into 
hot water when a UAV owned by the fi rm 
crashed into a diner, cutting her nose open. 
Meant to be a Christmas publicity stunt, it 
got the company into big legal trouble and 
demonstrates the danger of drones – as 
well as the importance of knowing what 
you can do – and that mistakes do happen.

N
O MATTER HOW skilled you are there’s 
always a chance of losing your drone 
when in fl ight. This is especially so in high 

winds or heavy rain, as this will only damage 
the drone and potentially things around it. To 
improve drone control, a number of clubs have 
been set up for pilots to meet to discuss their 
UAV and learn from each other. Several of these 
societies also provide offi cial training lessons 
to help you control your drone more effectively. 
It’s defi nitely worth having your skills as backup 
if you quadcopter’s GPS, compass or altitude 
control decides to stop working! Another place 
that drone owners meet is the annual UK Drone 
Show. Showcasing the best in UK UAVs, the 
latest drone technology is on display and the 
show concludes in an awards ceremony. This is 
the place to be for anyone who needs hints and 
tips in understanding drone fl ight and operation. 

COMMERCIAL USE

DRONE REGULATIONS: 

DRONE REGULATIONS: 

VTOL
(Vertical-Take-Off-and-Landing)

Modern drones utilise VTOL 
(Vertical-Take-Off-and-Landing) 

systems, allowing them to take off 
from almost anywhere. This has 

made enforcing laws much trickier 
as UAVs can now go wherever 

they want, whenever 
they want.

HOW NOT TO GET INTO TROUBLE

HOW DO I STAY SAFE?

© Amazon

92  THE DRONES BOOK

● There are strict rules 
governing the use of drones 

to deliver goods, and any 
autonomous flight
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SUMMARY
(Taken from the o�  cial 
guidelines of the CAA 
and FAA)

P
RIVACY IS USUALLY a thorny issue but even more so with quadcopters. The majority of 
drones contain some sort of camera or recording equipment so expect this to be a recurring 
issue especially in areas where one can expect reasonable expectations of privacy. Most of 

it is common sense but expect legislation to get even tougher on this topic if it is not adhered to. 
Taking pictures of military locations is a big no-no, as is fi lming sports events or music concerts. 
It can also be dangerous, as popstar Enrique Iglesias found out the hard way after he grabbed a 
drone during one of his concerts, slicing his fi ngers open.  

W
HAT CAN WE expect in the years to 
come? With the anticipated pressure 
from the largest companies around 

the globe, it is likely that commercial and 
advertising laws on drones will be relaxed. 
There is also hope of splitting up the 
guidelines; at the moment every type, shape 
and size of drone is lumped in together under 
one rulebook but as knowledge progresses, 
this is bound to be tweaked. There is also 
likely to be a greater difference between laws 
in rural and urban areas and sparsely and 

densely populated areas. After all, there are 
different risks in inner-city London than there 
are in the Scottish Highlands. In January 2015, 
a UAV crashed onto the White House lawn 
initiating a temporary lockdown of the grounds, 
which goes to show that no matter how many 
rules and guidelines there are, these drones 
have the ability to get everywhere and will 
have to be regulated carefully for the benefi t 
of everyone concerned. So if you unwrap a 
drone next Christmas, read this guide and you 
shouldn’t go far wrong!

DRONE REGULATIONS: 

PRIVACY AND PHOTOS

THE FUTURE

DRONE REGULATIONS: 

DRONE REGULATIONS: 

For more information visit
www.knowbeforeyou� y.org

 ■  The operator of the drone 
is legally responsible for 
every � ight

■    Every UAV must be in 
accordance with the 
supplier’s user manual and be 
undamaged when in � ight

■  Every UAV must be kept in the 
operator’s sight at all times

■  You must not endanger people 
or property

■  It is illegal to � y over airports 
and congested areas

■  You must not � y within 50 
metres (164 feet) of a person 
or building

■  Images taken by a UAV can 
breach privacy laws

■  Any UAV must be registered by 
the country’s governing body 
to be able to take � ight

■  Unmanned aircraft must 
weigh less than 55 lbs. (25 kg)

■  Maximum airspeed of 100 mph
(87 knots)

■  Maximum altitude of 152 
metres (500 feet) above 
ground level

■  Pass a recurrent aeronautical 
knowledge test every 24 
months

■ Aircraft markings are required

■ Be at least 17 years of age

■ Never � y drones when under 
the in� uence of alcohol or drugs

BVR
(Beyond Visual Range)

Currently, UAVs must be in your 
line of sight at all times during 

operation. However as technology 
increases and user knowledge 

develops, this is a rule that could be 
altered, and will benefit people 

who wish to use drones for 
delivering items.
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● Enrique Iglesias fractured his 
hand during a performance after 

attempting to grab a camera drone
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AMAZING 

WAYS 
DRONES 

ARE BEING 
USED

See how UAVs 
are deployed 

for an incredible 
range of tasks

AIDING FARMERS
A DRONE IS a cheap and effective way to survey large areas of farmland. 
With a multi-band sensor on a drone, farmers can capture images of crop 

using non-visible light. This enables them to produce information about the growth of 
the crop, and deploy fertiliser precisely where it’s required. These sensors also reveal 
crop health, so pesticides can be applied strategically rather than universally.

FORECASTING THE WEATHER
HURRICANES AND STORMS often cause loss of life and damage property, but 
with advanced warning, the damage can be reduced and lives saved. UAVs, such 

as AeroVironment’s Global Observer, can keep an eye on developing weather conditions in 
real-time, and supply remote imagery and storm data to assist with life-saving measures. If 
terrestrial communications equipment, such as cell towers, microwave relays and satellite 
downlinks, are damaged, the Global Observer’s communications payload can keep the 
emergency services connected, so that they can continue planning evacuations and relief 
operations, and coordinate their fi rst response. The Unmanned Global Observer can fl y for 
up to six days at a height of 55,000 feet, and cover an area 600 miles in diameter.
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INSPECTING OIL RIGS
UAVS ARE THE perfect tool to make inspections at oil 
platforms much safer. Cyberhawk is an aerial inspection 
company that deploys its drones to perform visual 
inspections of high-value and high-risk offshore assets. 
By safely inspecting an active platform’s fl are (and the 
supporting structures) from a drone’s live video feed, 

they can keep the platform online, saving the client time and money. 
The client can then pre-order and manufacture parts to upgrade the 
structure and keep it running smoothly. All of Cyberhawk’s UAV pilots 
need to have offshore survival and medical certifi cations before they 
can operate a drone in an offshore platform environment.

BRINGING AID
ONE OF THE challenges of 
transporting medical aid in 
developing countries is the lack 

of roads. The Matternet ONE quadcopter 
carries a central payload box that can be 
used to transport 1kg of medical supplies 
over 20km on a single battery charge. 
Unlike most other drones in this book, 
Matternet ONE doesn’t have a pilot. A 
doctor can use a mobile app to choose a 
landing station for the drone, which will 
then use a cloud-based routing system to 
fi nd a safe route at a height of between 
50-100 metres. It will also plan the route 
to avoid tall buildings and restricted air-
space. This drone is currently in the testing 
stage, with Doctors Without Borders 
participating in trial fl ights.

MONITORING COUNTRY BORDERS
COUNTRY BORDERS CAN be vast areas to patrol using conventional technology, so drones 
are playing an increasingly large part in this role. The US government now uses fi xed-wing 

Predator class UAVs to scrutinise the Mexican border for illegal traffi c. Video is 
recorded in multiple passes, then the footage is mixed together to spot changes 
that could indicate the presence of drug smugglers, for example. Agents can then 
be directed to the appropriate areas.
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 “A FARMER CAN CAPTURE IMAGES OF HIS 
CROP USING NON-VISIBLE LIGHT ”   

© Gerald Nino, CBP, U.S. Dept. of Homeland Security



SURVEYING ARCHEOLOGICAL SITES
AS MANY ARCHAEOLOGICAL sites are in remote locations, 
drones are a cheap and effective way to reach and survey 
these locations. Drones enable scientists to get a bird’s-eye 
view that reveals new information about a site. An md4-
200 microdrone UAV was used in Tuketa, in Russia’s Altai 

Mountains, to survey ancient burial mounds (called Kurgans). 
This resulted in a 3D map of the site that could be used by 
scientists to measure the volume of the burial mounds. 
Professor Ian Lindsay from Purdue University used a DJI 
Phantom 2 to capture aerial data of burial mounds in Armenia.
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DELIVERING 
PACKAGES
AS THE DRONE started to become a 
mainstream product, it didn’t take long for 
forward-thinking companies to start looking at 
how they could begin integrating them into 

their businesses. One of the most obvious angles 
was as a means of delivering small parcels and 
packages. The potential in this area is huge, and 
the prospect of reducing the carbon footprint or 
delays due to traffi c – or even the man hours 
sending people around the country to deliver items 
by hand – has got some of the big players looking 
at rolling a drone delivery service out sooner rather 
than later. Amazon is currently working on Prime Air 
to deliver small packages in under 30 minutes, and 
DHL has already started trialling the ‘parcelcopter’ 
in Europe.

10 amazing ways drones are being used
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MEASURING 
AIR QUALITY
INSTEAD OF PAYLOADS, such 
as video cameras, drones can 
carry a range of sensors to take 
meteorological measurements, 
such as temperature, humidity and 
air pressure. They could also use 
sensors that will detect poisonous 
particles in the air, as Fire Chief 
Andy Cashmore explains: “They 
could look for fi bres and heavy 
metals in the smoke, and that will 
include asbestos.” In China, a 
drone is being tested as part of 
the war on pollution. A parafoil 
helps the drone stay aloft as 
it glides through the smog, 
spraying chemicals that freeze 
the pollutants in the air and cause 
them to fall to the ground.

RACING 
IN ABANDONED WAREHOUSES or car parks, pilots race 
their custom-built multirotor rigs around obstacles. Many 

use First Person View (FPV) goggles to navigate their drone around the 
course via its on-board camera, taking skills they’ve honed on their 
video console into the real world. Craig Jump from Sky View Video has 
been involved in a consultation with the BBC about developing a drone-
racing TV show. He explains: “This is something that’s taken off in the 
last six months, as low-cost kit came in. At night, they race around the 
tree trunks in forests in the middle of nowhere.” For more on purchasing 
indestructible sports drones, visit gameofdrones.com.

CREATING ART
DRONES HAVE INSPIRED musicians to include them as key components 
in creative projects. In 2015, British rock band Muse released a concept 
album entitled Drones, about how “The world is run by Drones utilizing 
Drones to turn us all into Drones.” In 2014, John Cale’s Drone Orchestra 
featured a live performance in London’s Barbican Centre, in which 
costumed drones fl ew above the audience to accompany the music. 

Pilot Stef Williams told us that the cumbersome costumes 
worn by the drones “made them really top-heavy – some of 
them were a complete nightmare to fl y, on a par with fl ying 
one of the big frames with a Red Epic camera in 40-mile-an-
hour winds! But yeah it was good fun!”

©Jason Om, ABC News

©Stef Williams
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 “ THEY RACE AROUND THE TREE TRUNKS 
IN FORESTS IN THE MIDDLE OF NOWHERE ”   

INSTEAD OF PAYLOADS, such 
as video cameras, drones can 
carry a range of sensors to take 

MEASURING 
AIR QUALITY
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Thanks to a drop in manufacturing costs, and 
rapid advances in technology, drones have 
� own into many professional and recreational 

areas in the last few years. In the next few chapters 
you will discover how drones are being used to help keep 
fi refi ghters safe, assist rangers in spotting potential 
poachers, enable news gatherers to report from disaster 
zones, and keep maps up to date. There are also fi lm 
makers who are using drones to replace traditional fi lm-
making equipment, such as the steadicam, as well as 
enabling them to get shots that would be too dangerous 
and expensive to capture using a helicopter.

With drone technology (and the surrounding legislation 
on who can fl y what where) changing on a monthly basis, 
discover how a range of pilots are using drones today in 
a professional capacity. There’s even an insight from a 

military drone pilot to hear how drones are being used 
across the globe in intelligence, surveillance, target 
acquisition and reconnaissance.

We’ll also discover how drones are being embraced by 
the non-professionals, with the advent of drone racing and 
the impending invasion of throw-and-go fl ying cameras 
that will follow and fi lm the users. Drones are even 
becoming stars in their own right, with costumed drones 
performing in the Drone Orchestra.

Although the term ‘drone’ has been embraced by popular 
culture to apply to any unmanned fl ying device, many 
of the professionals that we interviewed for this book 
preferred names with a less militaristic connotation, so 
brace yourself for acronyms such as UAV (unmanned aerial 
vehicle), UAS (unmanned aerial system), RPA (remotely 
piloted aircraft), multirotor, hexacopter and octocopter.

We take to the sky to discover how professionals 
are using drones in a range of amazing ways

HOW DRONES 

WORLD
ARE CHANGING THE 
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The commercial and hobbyist unmanned 
aerial vehicles (UAVs) that are in other 

chapters of this book can trace their ancestors 
back to a military source. It was the military 
who were motivated to research and develop 
UAV technology, and who had the resources 
to do so. Some might trace UAVs back to the 
German-built V1 and V2 fl ying bombs of World 
War II, but these ‘doodlebugs’ were more akin 
to single-use missiles than today’s remotely 
piloted UAVs.

The term ‘drone’ has traditionally been 
used to describe military UAVs. This military 
connotation has been a concern for some 
civilian UAV users who we interviewed. Craig 
Jump from Sky View Video explains: “One of 
the reasons I don’t like to use the word ‘drone’ 
is because people think of military aircraft 
with the hellfi re missiles on them.” Jump also 
found that this military heritage can cause 
practical problems for civilian UAV users: 
“The technology is actually classifi ed as dual 
use, which means it can be used as military 
technology. So, in certain countries, you need 
an export licence to take the kit there.” 

Despite their military heritage, many 
of today’s drones are used for peaceful 
purposes, such as assisting fi refi ghters in their 
assessment of an ongoing incident, or looking 
for refugees adrift in the ocean. Indeed, to 
most of us, drones are something that have 
only appeared on our cultural radar over the 
last decade or so, with the appearance of 
multirotors in the civilian sector. 

However, the modern military continue 
to deploy drones in a range of offensive and 
defensive capacities. They are also a key 
driving force towards the ongoing evolution 
of drone technology. Although drones have 
been around for decades, recent technological 
developments have seen some dramatic 
changes, as Chris Cole from Drone Wars UK 
explains: “Since 2000, the combination of 
technological miniaturisation and wireless 
communication has been a real technological 
leap forward.”

Currently, most military drones are propellor 
driven, like their civilian multirotor and fi xed-
wing cousins, but that is set to change, as Cole 
explains: “The Reaper and Predator drones 

FIGHTING WARS
DISCOVER HOW UAVS ARE USED TO ASSIST THE MILITARY IN THE REALMS OF 
INFORMATION, SURVEILLANCE, TARGET ACQUISITION AND RECONNAISSANCE (ISTAR)

© Richard Seymour/Thales

● The Boeing Phantom Ray is an 
American demonstration stealth 
unmanned combat air vehicle that is 
currently in development

● The term ‘drone’ has traditionally been used to describe military UAVs
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● The Taranis features advanced stealth 
technologies, propulsion systems and 

next-generation mission systems

 “IT WAS THE MILITARY WHO WERE MOTIVATED TO. 
.RESEARCH AND DEVELOP UAV TECHNOLOGY, AND. 

.WHO HAD THE RESOURCES TO DO SO”..

© Ray Troll, courtesy of BAE Systems

BAE Systems



that we have now are comparable to the 
biplane. We are quickly heading towards faster, 
more sophisticated and stealthier drones with 
a low observable profi le.”

THE AUTONOMY DEBATE
One advanced stealth drone is the Taranis 
(named after a Celtic god of thunder), a 
demonstrator, delta-wing style UAV developed 
by British defence fi rm BAE Systems.

Unlike the fl ying bombs of World War II, 
modern UAVs are piloted, but have some 
autonomy. Civilian drones can be programmed 
to use GPS to follow way points on a map, 
so they can use their on-board camera to 
survey wide expanses of forest for wildlife, 
for example. As military drones can be armed 

with a deadlier payload, the issue of autonomy 
is a cause for concern, as Cole explains: 
“The big issue in terms of military drones is 
autonomous launching of weapons. There is a 
big campaign to stop that, and a lot of military 
people are very wary about moving from 
what they call having a ‘man in the loop’ to 
autonomy in the launching of weapons.”

One of those men in the loop is Waqas Tariq, 
a drone pilot for the Nigerian Airforce. He 
explains the human roles involved in safely 
controlling an expensive military drone, and 
its various payloads: “Bigger UAVs are not 

fl own by one person. They are actually fl own 
by three people: the mission commander, the 
pilot who is in control of the drone, and the 
payload operator who controls the gimble 
and cameras. 70 per cent of fi xed-wing UAV 
fl ying is autonomous, with 30 per cent human 
involvement. Jobs like recording the whole 
event and moving the cameras are carried out 
by humans. And obviously the human is the 
sole person who fi res up a weapon on-board; 
fi ring is not done autonomously. 

“UAVs are sometimes equipped with 
weapons, such as Hellfi re missiles, which are 
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 ”UNLIKE THE FLYING BOMBS OF WORLD WAR II, 
 MODERN UAVS ARE PILOTED, BUT HAVE AUTONOMY”.

HOW DRONES ARE CHANGING THE WORLD

© Lockheed Martin



damaging. Obviously UAVs are only fl own with 
missiles when there is confi rmed information 
about the location of terrorists. We have 
been using UAVs to survey areas for hours 
and hours, sometimes even days. We have to 
identify what kind of people are living in the 
area, and what kind of people are handling 
the weapons, then we have a ground crew 
who confi rm (or otherwise) that what we are 
saying is correct. Later on, after confi rming 
everything, we strike.”

This 70 per cent autonomy that Tariq 
mentions is very important, because it reduces 
the chances of human error in relation to 
keeping the drone in the air. Large, fi xed-
wing military drones can cost millions of 
dollars, with weapons costing hundreds of 
thousands of dollars. Chris Cole expands on 

the advantages of autonomy: “The diffi culty is 
in the communication between the person on 
the ground and the person in the aircraft. If the 
aircraft is making decisions in terms of where 
to fl y and how to sense and avoid obstacles 
then that is safer, because communication 
between the pilot and the drone can get 
snagged quite easily, or even deliberately by 
electronic warfare hackers, for example. 

“In terms of military drones, there are usually 
two communication channels. One is the 
information and data that is being collected, 
and the other is to control the aircraft. The 
channel controlling the aircraft is encrypted. 
Sometimes the actual information being sent 
back by the drone hasn’t been encrypted, so 
that can be grabbed.” Indeed, there have been 
reported incidents where the video feed from a 

military drone has actually been intercepted by 
enemy forces.

UAVS IN THE BRITISH MILITARY
As a member of Drone Wars UK, Cole has been 
keen to monitor the various types of British 
military drones, as well as their uses: “In its 
armoury, the UK has the Black Hornet. This is a 
very small (fi ve or six-inches long) rotor drone 
that you can put in your hand. It fl ies in and 
out of buildings, and sends a video feed. Then 
there’s a lightweight, fi xed-wing drone that 
soldiers just throw into the air.”  

The UK has other types of drone in its 
armoury, as Cole continues: “There’s a slightly 
larger, fi xed-wing drone called the ScanEagle, 
which fl ies from ships. It’s being tested at the 

● The PD-100 Black Hornet is a nano 
air-surveillance vehicle that poses little 
risk to other vehicles or personnel due 
to its small size and light weight
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● As well as military 
reconnaissance, the Black 
Hornet can be used to safely 
inspect nuclear installations 
and chemical plants
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● The Lockheed Martin 
High Altitude Airship is an 

untethered, unmanned 
lighter-than-air vehicle 

● The Black Hornet can fly for up to 
25 minutes and navigate via GPS, 
or be manually controlled with the 
assistance of video feedback
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time of writing. It’s in service, but on a contract 
basis”. The ScanEagle is a prop-driven 
drone with a ten-foot wingspan that can be 
catapulted into action by a launcher.

“Then there’s the Watchkeeper, which is a 
very large drone. It isn’t armed, but can fl y for 
a couple of hundred kilometres, and it sends 
video feedback to the army.” As their names 
suggest, the drones Cole has listed so far are 
used for surveillance and reconnaissance 
purposes. Military drone pilot Waqas Tariq 
explains the advantage of using drones in this 
fi eld: “The Nigerian Airforce uses the UAV in a 
much more effi cient way, because the fi ghter 
jets are not able to fl y for longer periods of 
time – they can fl y for a maximum of up to one 
and a half hours. But the UAVs can fl y for 16 
hours, so there is a huge difference.” Drones 
with more offensive capabilities are given 
more dramatic names, such as the Reaper. 
Cole tells us: “The Reaper is the armed drone 
for the RAF. The UK has ten of those in service. 
Each Reaper can carry a payload of Hellfi re 
missiles and GBU12 bombs.”

PILOT TRAINING
Regardless of whether a military drone has a 
payload of data acquiring sensors or weapons, 
its operators require intensive training. Tariq 
explains: “We use a medium-sized, fi xed-wing 
UAV to teach our new pilots how to ‘touch and 
go’ – to take off, stay in the pattern and then 
land. They learn how to fl y in the aerodrome, 
discover what to take care of when coming in 
for landing approaches, and other things like 
that.” As you would expect, learning how to 
pilot UAVs is a challenging task: “Starting off, 
I had 15 students who were airforce offi cers, 
and only nine of them made it to the fi nal to 
become qualifi ed pilots. There are a lot of 
situations that we make them go through.”

Military drones have been around for 
decades and, with the ongoing march of 
technology, they’ll be around for decades 
more, but with stealth drones like the Taranis 
demonstrator, you might not see them 
coming. That’s why people like Chris Cole feel 
compelled to keep asking questions: “Some 
people in the military accept the need for 
scrutiny, and think that it’s a very democratic 
thing. It’s right that there are organisations like 
ourselves [Drone Wars UK] who are pushing 
people on this, as there are moral and ethical 
questions to ask. But, yes, some people feel 
we are just there to make their lives diffi cult. 
So it can be diffi cult, but it’s an important 
thing to do.”

● Thanks to a pneumatic SuperWedge 
catapult launcher, the ScanEagle can 
be deployed without needing a long 
runway, or from an unprepared site

● The ScanEagle can fly for over 24 hours 
at a speed of 80 knots and a height of 
19,500 feet, providing a live video feed©
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● Soldiers in the battlefield can hand-launch a Raven to help them spot potential trouble in the 
surrounding area. The Raven is used to place a payload of a gimballed of EO (electro-optical) and 
IR (infrared) sensors in the air
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WE EXAMINE THE DEBATE ON THE DANGERS OF USING DRONES FOR WAR

THE PLAYSTATION MENTALITY
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● The Taranis 
Demonstrator drone has 

a wingspan of ten metres 
and a length of 12 metres, 
with a contract of £185M
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Although UAV 
technology 

enables the 
military to � ght 
an enemy at a 

safe distance, this does raise 
several important issues, as 
Chris Cole from Drone Wars UK 
explains: “One of the restraints 
on military intervention overseas 
is the human and political cost of 
sending young men and women 
overseas, only for them to come 
back in body bags. However, if 
you take that cost away, then it 
makes it much easier to choose 
military intervention, because 
it’s perceived as being low-cost 
and quicker. Rather than seeking 
a slow, diplomatic, political 
solution, there is a concern 
that the use of these remote 
systems is actually lowering the 
threshold for war, making it much 
easier to get involved in military 
intervention overseas.

“And we’re already seeing that 
drones are being used in lots of 
areas. There have been seven 
countries so far in which drones 
have launched strikes. Most of 
those will be US strikes in places 
like Pakistan, Yemen and Somalia. 
The UK has also used drones in 
Afghanistan and is now involved 
in Iraq. And drones are fl ying 
in Syria. So, there is a concern 
for the wider aspect of getting 
involved in military confl icts.”

As well as making it easier for 
a country to slip into a war, there 
is the possibility that drones can 
make it easier for combatants 
to pull the trigger, as Chris Cole 
explains: “There is the question 
of whether drones are lowering 
the threshold of violence in terms 
of what’s called the ‘PlayStation 
mentality’. This is a phrase from 
the UN special reporter Phillip 
Alston, who stated that rather 
than seeing fl esh and blood, drone 

pilots were just seeing pixels on 
the screen. Now the military very 
much dislikes and challenges 
this notion. It says that its pilots 
are professionals and very much 
understand the difference 
between playing a videogame 
and being in a combat situation in 
which people are going to die.

“There was an incident in 2011 
in which a number of civilians 
were killed. Because so many 
civilians lost their lives, the US 
military investigated it. In their 
own military language they said 
that the crew had a ‘propensity 
towards kinetic operations’. The 
crew were bored; they wanted 
something to happen on this 
mission, and while there was 
evidence that this particular 
convoy of vehicles had children 
and civilians in it, they down-
played or ignored those warnings 
because they wanted a strike 
to go ahead. That’s the only 

example, and we’d need much 
more evidence. I think there are 
two questions to ask: Do drones 
make it too easy to get involved 
in military action? And, once 
you’re involved, does this kind of 
distancing (psychological as well 
as geographical distancing) make 
it easier to opt for violence?”

Proponents of using drones 
in combat may claim that they 
are an accurate and effective 
tool at targeting the enemy, but 
Chris also questions the issue of 
accuracy: “There are no public 
fi gures on the accuracy of these 
systems. I don’t think there’s any 
question that weapons are far 
more precise than they used to 
be 20 or 30 years ago, but how 
accurate they are on any given 
launch is diffi cult to know. That’s 
one of the things that we [Drone 
Wars UK] really push for – much 
more evidence about accuracy, 
but it isn’t forthcoming.”
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 ”THERE IS A CONCERN THAT THE 
USE OF THESE REMOTE SYSTEMS 
IS ACTUALLY LOWERING THE 
THRESHOLD FOR WAR”..



To discover how RPAs (remotely 
piloted aircraft) are increasingly being 

used in the news-gathering � eld, Mark 
Corcoran, a veteran news journalist with 
a particular interest in ultilising drone 
technology for this purpose, gave us an 
insight into how times have changed. 
Mark was a globe-trotting reporter for the 
Australian Broadcasting Company’s Foreign 
Correspondent programme for 15 years, and 
it was while on assignment in South Beirut 
during the 2006 Hezbollah/Israel war that he 
fi rst encountered drones. Although the term 
drone is now used generically for all types of 
UAVs, it has a military origin. The drones that 
Mark regularly encountered back in 2006 
certainly deserved that designation.

“I was just taken by the sheer number 
of Israeli drones in the airspace at any one 
time, with varying capabilities. During one 
particular lull in the air strikes, our Hezbollah 
escorts had vanished in an unseen bunker. 
We found out that there was a warning that 
there was an Israeli drone overhead but we 
couldn’t see or hear it. So our escorts had 
taken cover. We were left out there and were 
very exposed for half an hour or so. These 
were fi xed wing drones which the Israelis 

were using for surveillance and for calling in 
air strikes. I don’t believe any of them were 
armed, but they were being used for target 
intelligence purposes for the Israeli attack 
aircraft. During this high-risk assignment I 
saw a lot of these kind of drones.”

So how did this experience set him on the 
path to using drones for news-gathering 
purposes? “Essentially I took the view that 
if the militaries around the world could 
increasingly use drones for this kind of work 
– reducing exposure of their own people to 

risk while conducting reconnaissance or 
surveillance – then why couldn’t we?” 

While embedded with a US Army forward 
surgical team in Afghanistan in 2010, Mark 
discovered that military drones could also 
be used to provide unique visual assets for 
news reports. “We accompanied a helicopter 
med-evac crew, and when we were out there 
they actually had wing drones launched by 
the forward operating base fl ying overhead. 
That drone was called the Shadow – it was 
actually quite large, unarmed and designed 
for surveillance. We were permitted to use 
still imagery from the drone in our report. The 
quality of the actual drone-sourced imagery 
from a TV point of view wasn’t that good, but 
it proved a concept.”

After sustaining a permanent voice injury 
in 2011 while on assignment in Cairo’s Tahir 
Square, Mark now leads the ABC’s Drone/
Remotely Piloted Aircraft Newsgathering 
Research Project.

LEARNING THE ROPES
Drones are now used by ABC to gather 
content for TV news broadcasts and current 
affairs programmes, but the challenge is 

REPORTING THE NEWS
DISCOVER HOW DRONES ENABLE JOURNALISTS TO BREAK A STORY MORE SAFELY
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● A DJI Phantom 2 with 
GoPro gets up close to 
the Holuhraun Fissure 
Eruption in August 2014

● DJI’s Phantom 3 Professional enables 
news gatherers to shoot 4K video at up to 30 
frames per second, which beats the GoPro’s 
jerkier 12 fps
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to fi nd drone operators who also have the 
camera skills required for news-gathering 
work. Mark explains: “There are currently 
about 200 entities who have permission to 
operate commercially fl ying drones in Australia 
of various shapes, sizes and specialities. Only 
a few of those are what we would deem as 
suitable for news gathering. What we have 
found with this emerging technology is a huge 
emphasis on the platform – on the fl ying 
– and surprisingly few of these companies 
actually meet our standards in terms of what is 
required for camerawork. We get down to the 
basic question of ‘is it easier to teach a drone 
operator how to shoot at a professional level or 
is it easier to teach a cameraman how to fl y?’”

ABC use many external contractors to fl y 
heavy lift drones in a news-gathering capacity, 
but there has also been a drive to provide in-
house training for ABC employees. Mark fi lls in 
the details: “For the training cycle we went for 
off-the-shelf variants. They offered low-cost, 
relatively good performance and as they were 

readily available everywhere we could achieve 
commonality across the network. We went for 
the DJI Phantom 2, with a GoPro payload.” 

So how did senior camera operators 
fair when taking a drone to the sky? “What 
people realise is it’s easy to learn but diffi cult 
to master! Flying a small multirotor round 
the park is one thing, but to do it in a busy 
location, working to direction and under 
pressure is another. Often the locations 
we were choosing were quite diffi cult. Initially 
they were roughly doing about fi ve hours’ fl ying 
by the end of the two days and this mirrors the 
qualifi cation for what CASA is now calling the 
Remote Pilot Certifi cate in Australia.”

DOCUMENTING DISASTER
So once ABC’s camera operators have 
been trained to fl y the Phantom 2, 
how are pilot and drone used in news-
gathering scenarios? Mark explains: 
“You have a relatively low cost, simple to 

● With sensitive control sticks and a range of 
over 1.2 miles (2km), the Phantom 3 remote 
controller gives ABC operators the freedom 
to gather news
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 ”I TOOK THE VIEW THAT IF THE MILITARY COULD USE 
 DRONES FOR THIS WORK THEN WHY COULDN’T WE? ”. 

● A drone enables news-
gathering crews to augment 

their reports with a wider 
perspective of the subject 
matter, at a fraction of the 

cost of a helicopter
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HOW DOES ABC’S NEWS-GATHERING DRONE CREW WORK AS A TEAM?
The importance of teamwork

Flying a drone safely while 
simultaneously capturing 

high-quality video of a live 
event would be too challenging 
a task for an individual. Mark 
Corcoran explains how a news-
gathering drone operating 
team needs to work together 
to generate aerial footage in 
challenging locations: “There is 
overlap. You’ve got a dedicated 
pilot, a second person can 
be calling the shots in a busy 
environment and there is also 
someone controlling the vicinity of 
the pilot. 

One thing I found is that you 
get a lot of onlookers; people who 
want to know what’s going on. 
They can obstruct the view of the 
pilot. Sometimes where you are 
you might get someone who is 

angry about the fact that there 
is a drone around. So you have to 
explain what’s going on. You need 
a second pair of eyes because 
the pilot is focused purely on 
the fl ying. With the larger, more 
complex systems (such as heavy 
lift multirotors and fi xed wing 
RPAs) you have the camera 
operator, you have the pilot and 
you effectively have a director.”

This division of labour enables 
the camera operator to follow 

the director’s instructions and 
capture relevant footage of an 
unfolding news story, while the 
pilot keeps the drone safely in 
the air and manoeuvres it to 
useful locations. The three-
person team controlling heavier 
RPAs echoes the way military 
UAV operators fl y drones for 
surveillance purposes. This need 
for a tight and coordinated team 
is not surprising, given the cost 
of a professional drone and its 

payload (plus the health and 
safety regulatory constraints 
faced by UAV professionals).

When using a sub-2Kg 
Phantom 2, a two-person team 
can suffi ce. In the image shown 
here, ABC News camera operator 
Dave Martin uses a controller 
to pilot a Phantom 2 which is 
carrying a GoPro. The live feed 
from the GoPro is being viewed by 
the producer Brietta Hague, who 
uses this visual feedback to direct 
Dave to capture shots for their 
Southern Exposure documentary 
on King George Island, Antartica. 
Here the drone enables them 
to get a new perspective on the 
location (and add extra texture 
to their documentary) without 
having to spend thousands of 
dollars on hiring a helicopter.

operate platform that you can use in high-risk 
assignments. Then you can use drones for 
local reconnaissance after disasters. Quite 
often when you’re covering disasters your fi eld 
of vision is quite limited by debris, wreckage 
and rubble – so just being able to put a camera 
up even 40 meters above your position can be 
of enormous benefi t. Both in terms of fi lming, 
and in helping you decide movement – seeing 
what’s around the hill, around the corner, 
whether the bridge over the hill is still intact or 
if you’re wasting your time going there. So it’s 
very much used as an occupational and health 
and safety tool as well as a fi lming camera 
platform for news gathering. 

Already we’ve used the Phantoms 
operationally. We used the Phantoms 
operationally in Vanuatu in March 2015 to 
follow the big cyclone there.”

 After Cyclone Pam tore through this 
archipelago in the Pacifi c, many of the islands 
suffered from wide-scale destruction. ABC 
camera operator Brant Cumming was able to 
show the impact of this cyclone by recording 
aerial video footage using the Phantom 2. 
ABC also deployed a UAV in Nepal, after the 
April 2015 earthquake killed 7,000 people and 
injured thousands more. Once again ABC’s 
Brant Cumming used a Phantom 2 to record 

the devastation in the Gorkha district, the 
epicentre of the earthquake. This footage was 
broadcast on a range of platforms such as 
ABC’s YouTube channel. 

Some of the locations that ABC has fl own in 
were challenging for different environmental 
reasons, as Mark Corcoran explains. “We had 
another Foreign Correspondent team on a 
job in the Antarctic peninsular and we were 
keen to see how drones would operate in an 
extreme environment with high winds and very 
low temperatures.” One of the team members 
was camera operator Dave Martin, who faced 
the Antarctic challenge after completing the 
training course that Mark spoke about earlier. 
He was able to capture some stunning aerial 
video sequences while fl ying the drone at the 
edge of its operating capabilities. Due to the 
remote location Dave was unable to connect the 
drone to a satellite to use the automated GPS 
features, so it was just as well that ABC train 
their operators to fl y with the GPS turned off, 
as Corcoran explains: “Craft such as the 
Phantom 2 use GPS to make fl ying easier, 
but during the training the staff learned to fl y 
without this safety net. Everyone told us how 
easy they were to fl y. When they were while 
fl ying in automated mode – everything was 
working properly. But the minute you switched 

● ABC camera operator Dave Martin puts a Phantom 2 through 
its paces in the extremely challenging conditions of Antarctica
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the GPS off it requires a high skill level. So all 
our training is done with the GPS off because 
we found operator error was the cause of the 
majority of incidents or accidents and loss of 
GPS was a factor in that.” 

AHEAD OF THE CURVE
As Australia’s national broadcaster, ABC needed 
to provide live TV coverage of the Australia Day 
fl ag-raising ceremony in 2014. Drones provided 
a useful solution to help cover the event as Mark 
explains: “There’s lots of cameras and prime 
ministers there – guards of honour that sort of 
thing – and we incorporated the drone coverage 
quite successfully. Given the location by Lake 
Bernard Griffi n in the capital Canberra it would 
be inappropriate to have a low-fl ying helicopter 
as close as 30 metres to VIPs.”

So drones offer ABC’s news-gathering teams 
ways to record informative aerial content for 
various current affairs and news programmes as 

well as put eyes in the sky during live broadcasts. 
As with other professionals in this fi eld, Mark is 
impressed and encouraged by the advance in 
drone-related technology and is optimistic about 
where things are heading.

“I guess one point I will make regarding the 
Phantoms – we are very impressed by the new 
Phantom 3 Professional quadcopter that DJI 
has recently released. It is terrifi c because it 
actually incorporates all the modifi cations we 
made as add-ons to the Phantom 2s (without 
any communication from us). So that’s the 
other issue here, the rate of technological 
development has been extraordinary. It’s a bit 
like laptops and computers; as soon as you buy 
something it’s not completely obsolete, but 
it’s just a case of deciding when you step on 
the escalator.” Thanks to Mark Corcoran, ABC 
was on the escalator ahead of many others 
news outlets, which is tangibly refl ected in 
the valuable drone-sourced content in the 
company’s broadcast output. 

● A drone enables news-gathering crews 
to augment their reports with a wider 
perspective of the subject matter, at a 
fraction of the cost of a helicopter
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 ”WE WERE KEEN TO SEE HOW DRONES WOULD 
 OPERATE IN AN EXTREME ENVIRONMENT” 

● After the devastation in Vanuatu caused by 
Cyclone Pam, ABC News used their Phantom 2 
to send back reports from the region

● ABC’s multirotor was able to safely report 
on the 2015 Nepalese earthquake from a 
unique vantage point
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PROTECTING 
WILDLIFE
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One of the biggest challenges faced by 
conservationists and those working 

with wild animals is how to cover the huge 
areas of terrain occupied by the creatures 
that they are trying to protect. Certain 
habitats, such as dense jungles, are also 
diffi cult to traverse. Serge Wich is a Professor 
in Primate Biology at Liverpool John Moores 
University and his research often takes him 
into the wild. He is also the co-founder of 
ConservationDrones, an organisation whose 
title does what it says on the tin. Serge 
explains how the organisation came to be. 

“We had been doing survey work for quite a 
few years in South East Asia and fi gured that 
it would be good if there was a more effi cient 
way of doing surveys than just going in on the 
ground,” he told us. “Ground data is great, 
but it is often very costly and very slow, so we 
started to look into other options and drones 
was the option that we really liked.”

In the early days, the price of drones 
restricted their use, especially by those 
from developing countries who were 
working with wildlife. ConservationDrones 
were determined to get past this issue of 

affordability: “We started to develop ‘do it 
yourself’ drone systems with help from the 
website DIYDrones.com. From there, we 
started to build things and started to use 
them and then our fi rst mission was really 
successful in terms of video and photo 
footage. So we started to share that with 
colleagues and they liked it very much and 
then we decided to set up a website and 
share our expertise with others – which is 
what we are still doing today.” Serge and his 
colleagues also provide hands-on drone pilot 
training in a variety of developing countries 

DRONES TAKE TO THE SKY TO HELP CONSERVATIONISTS, FIGHT POACHING AND 
ASSIST IN A RANGE OF WILDLIFE-RELATED PROJECTS WORLDWIDE
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● Drones are able to 
monitor huge areas of 

the landscape, much 
faster than rangers 

could on foot
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 ”OUR FIRST MISSION WAS.   
 REALLY SUCCESSFUL IN. 

.TERMS OF VIDEO AND. 
.PHOTO FOOTAGE ”.



to help local conservationists and wildlife 
rangers use this effective and affordable 
aerial resource.

OTHER TECHNOLOGY
So how are drones being used to help protect 
wildlife around the world? Serge explains some 
of the projects that ConservationDrones are 
involved in: “We are fl ying quite a bit in Sumatra 
for a whole array of projects that mainly have to 
do with determining density and distribution of 
orang-utans. We are also monitoring the forest 
that they live in to detect logging as soon as it 
happens rather than months later. Drones have 
a role there because they can obtain much more 
high-resolution data than satellite images. There 
are satellite warning systems that will give you 
a deforestation alert when a certain area has 
potentially been logged, but it is still at a pretty 
coarse resolution. So drones can fl y over key 
areas every month or every week and try to 
fi gure out if there is indeed something going on.”

The higher-resolution images sourced by 
drones enable pilots such as Serge to spot a 
single illegally logged tree, which helps the 
authorities protect the orang-utans’ habitat. 
Serge uses drones in his work with other 
primates, too: “I’m going to Tanzania in ten days 
to look at chimpanzees, to see if we can detect 
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THE PROS AND CONS OF DIFFERENT UNMANNED 
AERIAL SYSTEMS – AN EXPERT’S VIEW

BATTLE OF THE DRONES

With a range of wildlife 
habitats to survey, what’s 

the best type of drone for the job?  
Multirotor or fi xed wing? Serge 
Wich from ConservationDrones 
shares the results of his extensive 
in-the-fi eld experience…

“If you need to cover a small 
area, a multirotor is fi ne. And 
also, where there is no place 
to land a fi xed wing then you 
are almost forced to use a 
multirotor, which has vertical 
takeoff and landing – the open-
space requirements are much 
smaller. Another advantage of 
multirotors is that it’s much easier 
for people to be trained on using 
them because the landing and 
takeoff part is easier than with a 
fi xed wing.

“Most of the multirotor 
systems have a GPS mode, so 
whenever you let go of your 
control stick, that unit will stay at 
that particular place. It won’t drift 
with the wind and it will remain at 
that particular altitude, so that’s 

really nice for people who are 
new to fl ying. And a lot of the 
systems have an automatic 
landing mode. The planes have 
that as well, but with the plane of 
course you always have to land 
against the wind. So if the wind 
turns while you are fl ying then 
that might lead to a diffi cult 
situation. So, while that is 
perfectly possible, for a novice 
that’s not that great. 

“There are systems that do take 
landing into account. The eBee 
system from senseFly can fl y over 
the landing area and take some 
information about wind speed 
and even some visual data. It 
then fi gures out the landing path 
– but those systems come with 
a much higher price. In coming 
years, prices will come down. 
Hardware-wise, this is all a race to 
the bottom in terms of prices. It’s 
getting so much cheaper all the 
time, which is fantastic because 
it becomes much easier to use 
these systems.”

● The eBee from senseFly can cover up to 12 km2 (4.6 miles), making it 
an effective drone to use for surveying animals in their natural habitat

● Observing animals 
in their natural habitat 
without intruding is a 
benefit of using UAVs

● Professor Serge Wich trains 
conservationists and rangers 
in-the-field how to use drones 
to survey and protect wildlife
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● Fixed wing drones 
provide a higher resolution 
than satellites and the data 
is more topical, which helps 
spot illegal logging

their nests in those areas. We know that we can 
do that from the air. We would like to extend 
that to a savannah setting where chimpanzees 
occur in very low densities. Traditionally, you 
would have to cover vast areas on foot to try 
and locate their nests and get information on 
their distribution. Whereas, if you can fl y over a 
drone system, that would be much easier!”

What sensors or payload are used to locate 
these animals? “At the moment we’re using 
just photographs, but we are thinking about 
other sensors. We are also thinking about 
detecting chimpanzees at night with a thermal-
imaging camera, but that’s the next step. We 
are going to test thermal-imaging cameras in 
the UK and then using automatic recognition 
software to detect those animals. Thermal 
imaging could also potentially help with 
protecting rhinos from poachers, as they are 
sometimes active at night.” 

Poaching of endangered rhinos is such a 
problem that the Wildlife Conservation UAV 
Challenge was created to encourage drone-
related counter-poaching techniques. Serge 
Wich is collaborating with a group of students 

from the Netherlands who have responded to 
this challenge: “They are trying to develop a 
user-friendly system for the park ranger, both 
in terms of fl ying the system and also in terms 
of the feedback to the ranger. It is very diffi cult 
at the moment to transmit a lot of data at a 
relatively narrow bandwidth from the drone to 
the ground, so it would be much better if you 
would only send information that is actually 
needed for the ranger to react upon, not 
thousands of images of savannah woodland 
trees. The plan is to get the video analysed 
on-the-fl y so that the ranger looks at a little 
screen and will see a square around a rhino 
or a poacher or any other object that needs 
attention. They can then react much faster to 
potential threats than they could with other 
systems. That’s the ultimate aim of the project: 
to have an interface that does that. “

Thanks to the increasing affordability of 
UAVs, plus Serge and his colleagues’ passion 
for training conservationists and park rangers 
how to use these versatile craft, wildlife 
throughout the globe can be surveyed and 
protected from a range of threats.

● Drones allow you to get up 
close to animals, providing value 

data to analyse their migratory 
patterns and actions©
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DISCOVER HOW UAVS COULD BE USED TO TRACK ILLEGAL POACHING AND PROTECT ENDANGERED SPECIES

The future of wildlife conservation
Princess Aliyah 
Pandolfi is the 
Founder & CEO 
of the Kashmir 
World Foundation, 
and founder of the 

Wildlife Conservation Challenge.

Can you give an overview of 
what the foundation does?
The Kashmir Foundation is a 
not-for-profi t organisation and 
through Kashmir Robotics we 
have a couple of active projects, 
one of which is the Wildlife 
Conservation UAV Challenge. 
It’s a global effort to create 
drones that would be used to 
protect endangered species. 
The fi rst challenge is focused 
specifi cally on Kruger National 
Park in South Africa. Another 
project of Kashmir Robotics is 
the Da Vinci Challenge. The focus 
of the Da Vinci Challenge is to 
help innovate robotic systems 
and help people understand the 
components and the structure 
and what’s required to create 
a drone. The fi rst part of the 
Da Vinci Challenge is to build 
your drone, and the second one 
is to learn to operate it as an 
unmanned aerial vehicle. The 
third part is helping the students 
fi nd an application for it. It’s not 
just creating an aircraft, putting 
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a camera on it and then coming 
back to watch the video. It’s 
about being able to create an 
aircraft that has brains of its own 
and it can make decisions and 
give the person on the ground the 
opportunity to take action.

What sparked your interest 
in using drones against 
animal poaching and the 
illegal wildlife trade?
My interest in drones came out 
of our project Kashmir Rose, 
which is basically working with 
Kashmir artists to help them 
preserve their art. As I was 

learning about the art, I learned 
about the pashmina goats 
which come from Kashmir in the 
mountains. As I was studying 
the goats, I learned about the 
poaching problems with snow 
leopards. One of the issues I 
found is that there’s really no 
actual data being used currently. 
It’s the same thing as 20 years 
ago. You go in, put out camera 
traps in the different areas 
that you know snow leopards 
roam and then if you do capture 
one, you put this horrible collar 
around their necks which hinders 
their ability to hunt. I just think 
that the technology is there 
now, why aren’t we upgrading 
to that technology? If we were 
to use a drone in Kashmir we 
would be able to not intrude in 
their domain, and at the same 
time gather so much more 
information about them. I then 
started learning a little bit more 
about the rhino situation in South 
Africa. It was the same time I 
had become involved with the 
drone technology and wildlife, 

● The potential 
for drones to aid 
the protection 
of endangered 
animals is huge
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● Any new ways to help 
tackle illegal poaching 
will be welcomed by 
conservationists
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and it was almost like a natural 
fi t to say that this seems to be 
a global problem, not just an 
individual issue. That’s when we 
started looking about what we 
could do because there are so 
many people that are interested 
in protecting wildlife, and then 
there’s many people that have 
the drone technology. I really 
want to go in and stop the 
poachers, because I think if you 
can go in and stop the poachers, 
it cuts off everything after that.

Can you outline how 
drones can be used to 
tackle poaching?
With the drones that we’ve been 
working on, the one difference is 
bringing computer science into 
aviation. That means being able 
to fl y your aircraft and as the 
aircraft is fl ying, be able to see 
humans, animals and trees. But 
we know we can do that just by 
attaching a camera and watching 
it on a monitor. What we have an 
interest for is that the aircraft 
will be able to determine the 

difference between humans and 
animals. That’s the fi rst layer. 
The second layer is being able 
to recognise the species of the 
animal and where it’s located 
through the GPS settings. Then 
we talk about the humans, and 
that’s where most of our interest 
is: being able to determine if it’s a 
poacher or a ranger. For example, 
we already know that the rangers 
have a preset location that they 
have to be at every day. With the 
drones, we’re able to identify a 
broad area coverage and that’s 
one thing that the rangers will 
not be able to do on the ground, 
ever. Now that we know where 
the ranger’s stations are, it’s 
easy for us to say that as we’re 
fl ying the aircraft, we know 
that’s the location of ranger 
number 31, for example. The 
drone knows there’s somebody 
there, and we would have to 
have a tag on the rangers that 
the aircraft can scan. We could 
put those identifi cation tags on 
the vehicles, on weapons, on 
anything pretty much in the park. 

As for tourists, we know which 
paths, highways and main roads 
that the tourists would be taking 
and it’s more than likely that 
they’re going to be in a vehicle. 
From those perspectives, the 
aircraft can now determine the 
difference between humans that 
are rangers or tourists versus 
humans that would be poachers. 
The aircraft would then have 
to send a signal that gives the 
rangers instructions. Then those 
offi cers can communicate with 
the police. But it’s also about 
deterring the poachers from the 
air. We would have some type 
of non-lethal weapon on board 
which would allow us to deter the 
poachers by letting them know 
that we know where they are. 
They don’t know what the aircraft 
is capable of so it’s either a scare 
tactic or it will get the animals 
to move away from them. Each 
scenario is different, which is 
why the drone would have to 
have preset scenarios in order to 
make those decisions based on 
how it’s been programmed. 

 ”THE AIRCRAFT CAN NOW DETERMINE. 
..THE DIFFERENCE BETWEEN HUMANS. 

..THAT ARE RANGERS OR TOURISTS. 
..VERSUS POACHERS”.

● Being able to 
identify animal 

whereabouts and 
nearby threats 

will be a boon



Although the military have been using 
drones for decades, it’s only in the last 

few years that drones have been adopted 
and deployed by emergency services, such 
as the � re brigade, coastguard and police. 
This is partly due to recent technological 
advances that have made drones cheaper 
to buy and easier to use. However, most 
emergency services are still not using drones 
due to legislation that makes it diffi cult to 
deploy them in populated areas. 

One of the fi rst organisations to add a UAV 
to their kit list was the West Midlands Fire 
Service (WMFS) in the UK. We spoke to fi re 
offi cer Andy Cashmore to see how the WMFS 
deploys its multirotor to assist the fi re service 
and police. Cashmore fi lled us in on the 
history of their aerial acquisition: “I think it’s 
fair to say that we were the fi rst fi re service 
in the UK, maybe worldwide, to adopt the 
technology and use it in operational incidents 
in November 2007.”

As an early adopter of drone technology, 
WMFS fl ew a microdrones mD4-200 
quadcopter, but they did face a few 
challenges when using it in the fi eld, as 
Cashmore explains: “It was a little bit 
temperamental, and there were some 
limitations in terms of what wind speed 
it could operate in, battery life, payload 
capacity and things like that. We used it very 
effectively in a number of incidents, but we 
eventually needed to replace it because it 
reached the end of its logical life cycle.”

After fi nding the best replacement drone, 
Cashmore’s team 
now use an Aeryon 
SkyRanger for outdoor 
work. They also 
wanted a drone that 
could operate indoors, 
so they acquired a DJI 
Phantom too: “Part of 
the user requirement was 

the we may need to operate it indoors, and 
the Phantom can operate without GPS. It is 
quite a cheap system and almost disposable, 
so if we did choose to fl y it indoors and it 
clattered into a wall and got damaged, it 
wouldn’t cost very much to replace or repair 
it, whereas the SkyRanger might be a little bit 
more expensive.”

So in what scenarios does WMFS use its 
drones? “We tend to use them in distinct 
areas. The fi rst area is pre-planning for 
events. If there are any high-risk premises 
that either store dangerous goods or carry out 

dangerous processes, 
we use the drone to 
produce some site-
specifi c information 
for crews, as they get 
mobilised to incidents 

at such locations. So we will 
try to obtain some up-to-date 

imagery from above the 

AIDING IN EMERGENCIES
WE EXPLORE THE MANY WAYS UAVS ASSIST THE VARIOUS EMERGENCY SERVICES IN 
PERFORMING THEIR WORK MORE EFFECTIVELY AND SAFELY

● The SkyRanger’s 
camera uses three-axis 

stabilisation to ensure 
that accurate video is 
captured even under 

the most extreme 
environmental conditions
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reached the end of its logical life cycle.”
After fi nding the best replacement drone, 

Cashmore’s team 
now use an Aeryon 
SkyRanger for outdoor 
work. They also 
wanted a drone that 
could operate indoors, 
so they acquired a DJI 
Phantom too: “Part of 
the user requirement was 

events. If there are any high-risk premises 
that either store dangerous goods or carry out 

dangerous processes, 

specifi c information 

at such locations. So we will 
try to obtain some up-to-date 

imagery from above the 

camera uses three-axis 

environmental conditions

©Aeryon

 “MOST EMERGENCY SERVICES 
 ARE STILL NOT USING DRONES 
 DUE TO LEGISLATION”.
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● Drones have been known to 
assist police officers in locating 
missing persons or with wide-
area searches, and have been 
very successful in doing so



HOW UAVS HELP PROTECT 
EMERGENCY PERSONNEL

SAFETY FIRST

Fire Chief Darrell 
Hartmann of the 
Brookings Fire 
Department in South 
Dakota, USA, is keen 
to utilise developing 

drone technology to keep his crew 
safe and e� ective. He is also using this 
emerging technology in other ways.

How does a drone help you in your 
work at Brookings Fire Department?
As Fire Chief my biggest job is the safety 
of my fi refi ghters. Our drone is a natural 
fi t for the emergency services. During an 
incident, the commander is seeing live-
feed information. And with the situational 
awareness that this unit can give us, it’s 
just another tool to help us be safer. 

What else do you use the drone for?
There’s a myriad of ways to use it. If we 
have missing people, we can cover large 
areas very quickly and thoroughly with a 
drone, whereas in the past we would have 
to walk it by foot, or take all-terrain vehicles 
out. We’ve even worked with horseback 
searchers. But the drone really gives us 
another tool to do that.

In hazmat situations, it allows us to send 
in an expendable tool in order to get up-
front information. You can attach a camera 
so that you can read labels. And if you 
happen to lose that drone, you can replace 
it. I do not have to worry about putting one of 
my personnel at risk.

Do you share the drone with other 
emergency services?
For the law-enforcement side, if we have a 
subject barricaded in a structure, we could 
utilise it to go in to look in the windows, 
though we would only be able to do those 
things after we had a judge’s court order.

Are there many legal constraints on 
drone use?
Right now, the biggest hurdle is making sure 
that we follow our Federal Aviation Authority 
(FAA) rules. We’re in the process of applying 
for authorisation as an emergency-services 
provider, so we are trying to jump through all 
the hoops and do everything right. There are 
a lot of people out there in the private sector 
who have used drones the wrong way, and it 
makes it more diffi cult for us.

● The video feed appears to show that the fire is out and there’s just residual smoke. The IR 
camera shows that fiery ‘hot spots’ remain within the factory

● West Midlands Fire Service began 
with the microdrone md4-200 VTOL 
(Vertical Take Off and Landing) UAV

● West Midlands Fire Service upgraded to the Aeryon SkyRanger, benefitting from 
extended flight times and a greater manageability in windy conditions
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premises, so that they can get a bird’s-eye 
view as they approach the address.

The second area is actually using live 
imagery when we are responding to 
incidents. We will go to the incident at the 
incident commander’s request and get 
whatever data they require in order to bring 
the incident to a safe conclusion.” 

DETECTING DANGER
The drones have proved themselves 
invaluable when attending fi res, as they 
can obtain information that’s not available 
to the fi re crew on the ground. Cashmore 
gives us a specifi c example: “We attended a 
large factory that had caught fi re during the 
night, and the fi re had spread to the adjoining 
buildings. The fi re crew had been there all 
evening. It was about 8am and they were 
preparing to hand over to the day crew. They 
thought they had got the majority of the fi re 
knocked down and that there was just a bit of 
smoke and residual heat left in the building, 
so they were going to scale the operation 
down. But as soon as we got the drone up 
there, and used our thermal imaging camera, 
we were able to identify that there was quite 
a large area inside the building that was still 
burning. So, it changed the risk assessment 
and the strategy that we employed. The drone 
had a real impact on the incident.”

TAKING THINGS FURTHER
Cashmore is keen to extend the drone’s 
capabilities beyond visual and heat detection: 
“This is something that we are working closely 
with Aeryon to develop. We are looking at the 
possibility of being able to fl y into a smoke 
fl ume and get real-time data about what is in 
the smoke fl ume. We are looking at a sensor 
that is capable of detecting gamma radiation, 
a photo ionising detector for volatile organic 
compounds, and a multichannel gas 
detector so that we can infl uence the 
information that we give to various partner 
agencies, and ultimately the safety advice 

that they then give to the public. The next 
phase after that is to develop the capability 
where we can fl y into the smoke fl ume and 
gather a bagged sample of the air, bring that 
back down to the ground and use our suite 
of detection identifi cation and monitoring 
equipment to see what bad chemicals are 
contained within the sample.”

As well as assisting fi re crews, Cashmore’s 
UAV team helps the police too, as he explains: 
“We’ve got a memorandum of understanding 

with the local police forces to assist them 
with missing persons or a wide-area search. 
For example, we had a recent job from the 
police concerning a vulnerable person who 
had gone missing near to Sutton Park, which 
is a big open area of parkland, woods and 
lakes. The police helicopter was unavailable, 
so we had a request to go out there and assist 
with the ground search.” These examples 
prove just how valuable drones are proving to 
be in this – and many other – fi elds.

● The Ambulance 
Drone can 
massively reduce 
response times, 
greatly increasing 
survival rates

● The Ambulance Drone is 
lightweight, and can be folded 

down to become a compact medical 
toolbox to help save lives

 “WE ARE LOOKING AT A SENSOR THAT IS CAPABLE OF        
 DETECTING GAMMA RADIATION”.
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● Sxxxxxxxxxx’s Craig Jump 
uses two drone-mounted 

cameras to capture stereo 
imagery that helps measure 

topography in 3D

DISCOVER HOW DRONES CAN 
INCREASE SURVIVAL RATES 

HELPING 
SAVE LIVES

The creation of Alec Momont, the 
Ambulance Drone is a revolutionary 

way to respond to medical emergencies. 
Built using 3D printing techniques and a 
strong but light carbon-fi bre frame, this 
drone is a glimpse of what might become 
commonplace in the future. Enabling 
the emergency services to cut average 
response times from approximately ten 
minutes to one minute, by getting the 
right supplies to people in need so quickly, 
survival rates could be increased from 
eight per cent to 80 per cent. Momont’s 
vision – along with Living Tomorrow and the 
University Hospital of Ghent – is to show 
how drones can be used for good, and 
how the Ambulance Drone could be part 
of a wider network of life-saving drones 
that could ultimately transform the way 
emergency response services work to treat 
those in need of urgent assistance. 

● Delivering an automated 
external defibrillator, the 
drone can get essential medical 
supplies to a location quicker 
than an ambulance



One organisation that can help us 
understand how UAVs are being used 

to aid geographical mapping is the UK’s 
Ordnance Survey – a British, government-
owned organisation that has been 
producing highly detailed maps for many 
centuries. Chief Executive Neil Ackroyd 

explained to us how the organisation is working 
with UAVs to complement the use of aircraft 
in producing detailed maps of the UK: “At any 
one time during the fl ying season, we are fl ying 
around fi ve fi xed-wing aircraft, so we cover 
more than 80,000km² of the country. Those 
aircraft have very high resolution cameras.” 

So, while the organisation’s manned aircraft 
can produce high-resolution maps of large 
areas, there are occasions when a UAV is 
useful to survey a specifi c area, especially if 
that location that is changing on a daily basis.

As UAVs are a relatively new technology, 
organisations such as the UK’s Ordnance 

MAPPING THE WORLD

● UAVs could be used 
to complement the use 
of aircraft in producing 
detailed maps of the world

DISCOVER HOW DRONES COMPLEMENT THE WORK OF SATELLITES IN PRODUCING DETAILED AND UP-TO-DATE MAPS
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Survey are still discovering new and effective 
ways to integrate them with their existing 
way of working. Ackroyd explains: “A good 
example of where we have carried out some 
work with UAVs – and can see ourselves doing 
more work in the future – is when we do our 
coastal surveys of features, such as a cliff 
collapse. Arguably, you wouldn’t want to send 
an aircraft in just to capture fi ve hundred 
metres of collapsed cliff. Likewise, a local fi eld 
surveyor would generally be quite close, but 
you wouldn’t want him to be walking along a 
cliff edge. We have done evaluations in those 
sort of areas.”

©Aeronavics
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● By mapping a 
location using different 
wavelengths of light, 
you can discover extra 
information, such as 
crop health
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MAPPING GEOLOGICAL CHANGES
Craig Jump from Sky View Video (Scotland) 
also fi nds drones useful in mapping quickly 
changing (and potentially dangerous) 
geological features: “Landslides are a big issue 
in an area called Rest and Be Thankful. I’m 
actually working with Northumbria University 
and Transport Scotland at the moment, and 
we’re looking at using drones to map landslides 
using software tools that look at the fl ows 
of landslides and how big the catch fences 
need to be. You’re not going to prevent some of 
these big landslides. It’s more a case 
of looking at when you need 
to intervene, or take some 
material of the slope, or put 
more barriers in, or even close 
a road.”

Sky View Video uses a 
multicopter for their mapping work, 
whereas Ordnance Survey deploys a fi xed-
wing senseFly swinglet CAM drone to map 
up to 6km² of terrain in one fl ight. Its payload 
is a Canon Ixus camera. We asked Ackroyd 
why Ordnance Survey used a delta wing type 
drone instead of a multicopter: “The reason 

that we tended towards delta wing type drones 
is because they are so light. You have to get a 
licence to fl y for commercial use, so it’s much 
easier to get licensed because they’re very 
lightweight. The heavier quadcopters, although 
more stable, are much heavier. When we do 
the risk assessment, which we have to do as 
a government-owned organisation, we have 
the obligation to deploy the safest technology 

that we can. The lighter drones are arguably 
more sensitive to wind than a quadcopter, 
but they are actually far less likely to cause 
damage or injury. So, a serious user has to 
really look at that as part of their health and 
safety obligations.”

Delta wing drones are therefore useful for 
mapping smaller, quickly changing locations 
in a safe way. However, there are some 

©SenseFly (Creative Com
m

ons BY-NC-ND 3.0 license.)

● Ordnance Survey map using this 
lightweight senseFly swinglet CAM with a 
Canon Ixus compact camera payload

 ”WE HAVE THE OBLIGATION TO DEPLOY THE SAFEST 
 TECHNOLOGY THAT WE CAN”.

● Fixed-wing UAVs can map sites that would be 
hazardous to survey from the ground, such as 
Strongford sewage works
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ADDING FRESH, DRONE-SOURCED DATA TO EXISTING GOOGLE MAPS
GRAPHIC INFORMATION SYSTEMS

Sky View Video’s Craig 
Jump explains how the 

data captured by drones 
is converted into maps: 
“You can take a number of 
images – they don’t have to 
be that accurate in terms of 
location, or have GPS data 
– and you can use tools, 
such as PIX4D, to stitch the 
images together and create 
a kind of 3D Google map. 
This tool will allow you to 
export to a common graphic 
information system (GIS), 
and it will also enable you 
to do things such as create 
videos of a virtual fl y-
through of a landscape, or 
even a building, like a castle 
or ruin, for example.

“Now, you can also take 
that one step further: you 
can use global-positioning-
system (GPS) reference 
images, which makes it a 
bit easier on the software 
side of things. The software 
is getting so good these 
days that you don’t have to 
do much intelligence with 
the aerial imaging to get 
really good output from it. 
When I fi rst started, you had 
to use pre-programmed 
fl ight paths and ground 
reference points to actually 
build that imaging up so that 
the image would be quite 
accurate, but these days the 
software is actually doing it 
all by itself.

“Most of my clients 
tend to want a very high-
resolution image stitched 
together in the most 
simplest form. Some of 
them will want information 
in a common GIS format so 
that they can import it into 
GIS programs. Most of the 
architects, councils and 
public-service bodies use 
GIS. They have a database 
of Google maps. They can 
overlay drone-sourced data 
on top of these maps, and 
overlay where there has 
been fl ooding or where there 
has been pollution. GIS has 
been around for a long time, 
but the aerial angle brings it 
into its own.”

constraints that can limit their use, as Ackroyd 
explains: “People have to question whether 
they can use drones for survey, because the 
registration and licensing has quite strong 
limitations on how close you can fl y to people 
or to private residential property. If you get 
the permission of the individuals concerned 
then, in principle, you can shorten fl ying 
distances, but in practice it is hard to prove 
that you have permission if someone took 
issue with you. Let’s say that you are a real 
estate guy and you are fl ying a drone over a 
new house to get a photograph, and the next 
door neighbour decides that they don’t like that 
– then you could have a problem. So, generally 
speaking, where there’s a lot of people in a 
highly urbanised area, we have found that 
the practical limitations of even just walking 
around to try and get permission is as time-
consuming as doing a traditional survey.”

MAPPING AND SURVEYING
So, how does the Ordnance Survey’s drone 
produce data that is transformed into a 
detailed map? “We generally fl y lines, so 
essentially almost fl y a grid with our fi xed wing. 
We are mounting cameras on our drones that 
are taking sequential shots with a high degree 
of overlap, both laterally and horizontally. 
And that high degree of overlap gives us the 
ability to produce stereo imagery. The stereo 
imagery is important to us because it gives 
us the capability to correct the imagery for 
undulations and contours in the ground. It also 
gives us the 3D information, which is useful 
for measuring height and creating high-
accuracy mapping. An automated process 
uses this overlapped imagery to produce a 3D 
surface, which allows us to produce a better 
visualisation and more accurate surveyor 
information out of the imagery.”

So, where does Ackroyd see drones being 
used in relation to mapping and surveying 
in the future? “There are lots of commercial 
companies of which drones do meet the needs. 
For example, a smaller survey company that 
has to monitor a quarry, or an out-of-town 
shopping development being built will use a 
drone before the site is opened. They won’t 
have the access to fi xed-wing aircraft or the 
same number of fi eld surveyors that we have, 
so we’re seeing drones being used much more 
by the smaller, commercial, private-sector 
surveying companies. Generally speaking with 
the small ones, it’s an entry-level technology 
– if you don’t have a large existing fi eld survey 
force, it can be quite an attractive option.” ©
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● Photogrammetry apps, such as 
Photosynth 3D, enable you to stitch a 

series of drone-sourced shots together 
into an interactive fly-through

● Sky View Video’s Craig 
Jump uses two drone-
mounted cameras to capture 
stereo imagery that helps 
measure topography in 3D
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Since the invention of photography, 
many people have been absolutely 

fascinated by capturing a bird’s-eye 
view of the world in photographic form. 
Gaspard-Félix Tournachon shot the fi rst 
aerial images from a balloon over Paris back 
in 1858. Perhaps a more accessible way for 
photographers to get an eye into the sky 
was kite aerial photography (KAP). With 

the advent of affordable digital cameras in 
the mid to late Nineties, KAP became very 
popular, as people strapped their compact 
digital cameras onto kites, set the timer and 
launched them into the air. This desire to 
take aerial photographs was a driving force 
for many professionals to start using drones 
and to realise their potential in this market, 
including Stef Williams of Aerialworx: “I 

always wanted to take a camera to the sky. I 
was fl ying my remote-controlled aeroplanes 
and trying to strap mobile phones onto 
them, and then small cameras, which didn’t 
work very well. Then, about four years ago 
when the quadcopter technology came onto 
the market, because I was already fl ying 
remote-control aeroplanes, it was a natural 
progression to move onto these drones.”

TAKING PHOTOS
DISCOVER HOW UAVS ARE USED TO GENERATE IMAGES FOR A RANGE OF PHOTOGRAPHY-RELATED PROJECTS
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● Drones are capable 
of capturing incredible  
bird’s-eye views of the 
world in photographic 

form, like Niagara Falls
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In the early days of multicopter technology, 
you couldn’t just buy a craft and fl y it straight 
from the box. Early adopters, like Williams, 
faced many technical challenges before they 
could take a camera to the air: “I built my fi rst 
drone completely from scratch. When I got my 
fi rst kit, everything had to be purchased in a 
mishmash of components. So you’d buy four 
motors, four speed controllers and a frame, 
then you attached everything to it. And then 
you bought a fl ight controller, and had to 
connect that to your computer and program 
everything. My hobby of fl ying remote-control 
aeroplanes turned into a job when I attached 
commercial grade cameras onto these drones 
and started fi lming. I haven’t looked back 
since.” Williams now owns her own aerial 
company that employs three UAV pilots.

CAPTURING STILLS
As well as capturing aerial video for the TV 
and fi lm industry, Williams is also employed 
to capture photographs from her multirotor 
craft. For stills work she sometimes uses an 
X8 mini octocopter carrying a payload of a 

Canon 5D digital SLR. We spoke to Williams 
while she prepared to shoot a series of 
photos of a manor house to be published 
in a brochure. How did she approach the 
challenge of taking professional photos from 
the air? “To be honest, it’s not very different 
to how we approach a fi lming job. The main 
difference is that we haven’t got a fi lm crew 

for this particular one, so we are simply going 
to turn up at the location. The client told us to 
just choose a day when the weather is good 
and we have got good lighting, and today we 
have. Then we’ll get the drone out. It’s a dual-
operated drone with one person controlling 
the camera and the other person fl ying the 
drone. We will then just hover up above the 
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● Professional filmmakers such as the Aerialworx team have a lot of kit to rig for a shoot, 
including a 1080 HD Live video feed

HOW DRONES ARE CHANGING THE WORLD
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property, take some photos and then fl y down, 
relocate to another position, fl y up, take some 
more photos and then go down again.” When 
photographers dangled cameras from kites, 
the results they produced were hit and miss. 
How does Williams compose her professional 
stills? “We have a live HD video feed that gives 
us a high-defi nition picture on the ground. That 
applies to the majority of our rigs.”

PLANNING AHEAD
Although this airborne photo shoot sounds like 
a quick and simple task, some pre-planning 
is required when using a UAV for commercial 
purposes. “Before the shoot, you have to set 
up a cordon. It is quite remote where we are 
working this afternoon; there aren’t many 
people present. It’s in a private estate, so there 
are members of the public walking around. We 
do have to be slightly aware of them, but they 
have all been informed that there is going to be 
a drone photographing things today.”

Professionals like Williams capture their 
aerial images and videos using craft and 
camera payloads that are worth thousands 

of pounds. At a pre-order price of $499 plus 
shipping costs, the Lily Camera promises 
to provide a far more affordable aerial 
photography solution. This cute-looking 
quadcopter is touted as a throw-and-shoot 
aerial camera. Once it’s been launched by 
hand, it will take to the sky, follow the subject 
wherever it goes, and shoot stills or video clips 
of them. The promotional video of the Lily 
Camera went viral earlier in 2015, so we asked 
the co-founder of Lily – Antoine Balaresque – 
how his vision of a fl oating camera came to be. 
“The original idea came about two years ago. 
I was on location with my family and noticed 
that my mother was missing from all of the 
images from the family camera, because she 
was always running around taking pictures of 
the family. A lot of people have experienced this 
problem of there always being someone behind 
the camera. So, this is how the original idea 
came about.”

● Professional 
filmmakers, such as the 
Aerialworx team, have 
a lot of kit to rig for a 
shoot, including a 1080 
HD live video feed
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 ”IT’S DUAL OPERATED WITH ONE CONTROLLING THE 
 CAMERA AND THE OTHER FLYING THE DRONE”.

● A multicopter enables 
the pilot to capture unique 

aerial stills that can then 
be stitched into a stunning 

panoramic image
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● Multicopters are often 
used to capture flattering 
high-angle views that can 
promote a property in a 
brochure, for example
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● Stunning landscape shots 
can be captured if you’ve got 
the right equipment



The Lily Camera is also designed to 
overcome the lack of experience of the 
operator, as Balaresque explained: “The 
pictures and videos that my mother would 
take were not amazing, because she doesn’t 
have a great deal of skill in photography or 
video making. So, these are the two things 
that Lily is solving. The fi rst is that you can now 
be captured in images too, whether with your 
family or on your own. And second, the skills 
of the operator do not limit you (or whoever is 
taking the photo) anymore. The software that 
is running on Lily establishes a whole new 
level of skills. This is why we believe that Lily 
goes beyond outdoors and sports, because it’s 
really just a camera that enables you to create 
better shots.”

PRIVACY AND SECURITY
The Lily Camera follows a tracker worn by the 
subject. It can be programmed to follow them 
from the front or behind, or even circle them as 
they cycle or snowboard. When it’s launched 
in 2016, social-media sites are likely to feature 
many more aerial photos of people’s activities. 
With all these cameras in the sky, it’s likely to 
raise the issue of privacy, though Craig Jump 
of Sky View Video (Scotland) believes that 
drones aren’t a cause for concern: “99 per 
cent of people that I speak to are fi ne with it; 
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they are just quite interested in drones. Then 
there is the odd one per cent who can get very 
paranoid about privacy and security. I would 
make the point that there are so many people 
with camera phones these days that you 
are more likely to get your picture taken with 
one of those than you are with a drone fl ying 
overhead. People say that you can use drones 
to look into bedroom windows. If you’ve ever 
heard one of these things fl ying, you’ll defi nitely 
know if it’s outside your bedroom window.” 

Jump is often employed to take aerial 
photos that are used by architects to illustrate 
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● The Lily camera 
enables you to capture 
shots as it follows you, or 
the camera can take the 
lead and fly ahead
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● The Lily camera is launched by 
hand. It has no landing struts to get 
caught in the shot

plans for new buildings: “I’ve been doing a 
lot of diffi cult planning applications with 3D 
rendering companies who take our aerial 
images and render what the new building or 
development is going to look like on the actual 
aerial image. They can then use that image for 
planning applications or public consultations. 
I’ve done quite a few of those, so it’s actually 
becoming quite a big part of my business. I 
would say that two thirds of these jobs are 
rural. Urban sites aren’t a huge diffi culty for us. 
They tend to be big sites, so we don’t run into 
any issues of fl ying too near people.“ 

 ”IF YOU’VE EVER HEARD ONE OF THESE FLYING, 
 YOU’LL KNOW THAT IT’S OUTSIDE YOUR WINDOW”.
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ASSESSING THE RISKS
As a professional UAV pilot working in the UK, 
Jump has to get special permissions to fl y his 
craft near people when taking aerial photos. 
“It’s getting easier, because we have a new 
process that was introduced in February 
2015. It is a risk-assessment process where 
you can actually put forward a case of fl ying 
at reduced distances, so hopefully we’re 
going to get it down to 10m, which will make a 
big difference to our work. This new policy is 
called Congested Area Safety Operating Case 
(CASOC). You must be able to demonstrate 
that you can fl y safely. It all depends on the 
risk. For example, in one area I might say that 
I will keep the aircraft below a certain mass. 
I’ll also keep it below a certain speed, so that 

if there is a failure, then it won’t go beyond the 
10m boundary. It will have two batteries and 
four rotors, so if there is a failure, it will still stay 
in the sky. You have minimised single points 
of failure. It’s about how you carry out your 
operation. You might also have extra ground 
crew, people-safety barriers, and so on – it’s a 
whole package.” 

Professional UAV photographers have to 
jump through various legal hoops in order to 
shoot stills or video from the air, but these 
rules are less strict for hobbyists in the UK, as 
Dan Sheills from SkyVue Media explains: “The 
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line is as soon as you earn money, as soon as it 
becomes commercially viable, that’s the point 
when you need a licence – a CAA qualifi cation. 
In fact, as a hobbyist, you can have a very large 
18kg craft and, if you’re doing it as a hobby, 
you don’t need any licence.” Hobbyists are 
still subject to certain rules, though these are 
rather diffi cult to enforce, as Craig Jump tells 
us: “It is very confusing for police to enforce 
some drone fl ying. For example, if you don’t 
have a camera on a drone, you can do pretty 
much whatever you want. You can fl y over 
people and buildings, as long as it’s under 7kg. 
If it’s above 7kg then it’s slightly different, or if 
you’re fl ying in restricted or classifi ed airspace. 
It’s only really when you put a camera on it that 
rules and regulations start to come in. With the 
navigation orders, some of them aren’t laws; 
they are recommendations. Some of them are 
diffi cult to enforce without having a picture of 
who is controlling the aircraft. To be honest, 
the police are probably not going to use that 
legislation. They are going to use the other 
legislation, such as breach of peace or 
public endangerment.”

As drones continue to develop and improve, 
the number of people using them to take 
incredible aerial photos is bound to increase,  
so don’t be surprised to see them becoming a 
major part of the photography market.

● The DJI drones offer a fantastic 
way to take incredible aerial shots, 
and they’re an affordable way to get 
started in this burgeoning area

● Aerialworx use their custom built X6 Hexacopter to capture stills and video in difficult to 
reach and congested areas

 ”YOU MUST BE ABLE TO DEMONSTRATE THAT YOU 
 CAN FLY SAFELY. IT ALL DEPENDS ON THE RISK”.
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DISCOVER THE NEXT BIG LEAP IN UAV TECHNOLOGY
SENSE AND AVOID

The Lily Camera will follow 
the wearer of a tracker 

wherever they go, but it 
cannot detect obstacles, such 
as trees or power cables, in its 
path. However, this sense-
and-avoid capability could 
be just around the corner, as 
Antoine Balaresque from Lily 
explains: “There are a lot of 
start-up companies working 
on sense and avoid. There are 
also a lot of big companies and 
research labs working on it 
too. It’s a very popular problem 
right now, because it’s on the 
verge of being solved, and 
that’s why so many people are 
working on it.” 

So, what exactly would 
sense and avoid mean for 
UAV users? Dan Sheills from 
SkyVue Media is rather excited 
by the possibilities: “It’s when 

a drone can see an obstacle 
and it knows to avoid it. It 
hasn’t really been developed 
so that it’s lightweight enough 
to be put on a craft. It’s the 
technology that is currently 
being used in driverless cars. 
A lot of people are researching 
how to get that technology 
up onto the craft. That will 
be a complete game changer, 
because then you can send 
your drone to do a task, and if 
anything comes into its path, 
it will avoid it. You could send 
a fi xed-wing drone off and 
say: ‘Right, I want to video the 
whole route of this power line 
from this point to this point’ 
and then the drone will be able 
to follow those power lines. 
You could you send it off for 
half a day, and it will follow the 
power lines, then come back 

and land itself. You will have 
done a job that would have 
normally required a helicopter.

“When the fi re service 
currently sends drones into 
a house, the drone has to be 
piloted by a physical person. 
If it has a sense-and-avoid 
capability, then you can tell it 
to just go into the house, and 
it will fi nd its way in and out all 
by itself, scanning for people 

with an infrared camera 
mounted on it.”

Until sense-and-avoid 
technology takes to the air, 
drones have a variety of safety 
features. For example, if the 
Lily Camera is about to hit an 
object, you are able to press a 
button that’s on the tracking 
device, and it will stop and 
then hover while continuing to 
fi lm you.

©
 L

ily
C

am
er

a

THE DRONES BOOK  131

● Press a button on the Lily 
Camera’s tracking device 

and the drone will stop and 
hover while still filming

● Drones might soon be able 
to see an object and know 

that it should avoid it
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The advent of easy to use and accessible 
drones has revolutionised aerial 

photography. Obtaining the perfect bird’s 
eye view no longer requires a hot air balloon 
or a rocket, which are just a few of the 
unimagineable lengths that photographers 
went to in the 19th Century. The quality of the 
photographs themselves have also come a 
long way from the old, grainy black and white 
photographs. But that does not necessarily 
mean that achieving an amazing aerial photo 
is a simple process; your drone is a complex 

machine and it requires all the care and 
protection you can provide.

CARRY YOUR DRONE ANYWHERE
Most drone enthusiasts are not fortunate 
enough to be living on the doorstep of a 
fantastic aerial photography opportunity. And 
that means travel. It’s time to pack up your 
drone and go on an epic quest. But you cannot 
simply throw your drone in the back of your car 
and get driving. What if you need to hike to your 

location? Or cover diffi cult terrain? Drones are 
incredibly complex machines; they are tough, 
yet delicate. While your drone may survive a 
crash or two, there are numerous delicate 
precision parts such as gimbal mounts, rotors, 
antennae and cameras which need protection 
during transport.

The size and form factors of quadcopters is 
unlike anything that has come before. Simply 
adapting an everyday backpack or even a 
case made for cameras will not provide the 
protection and organisation that a drone 

PROTECTING 
YOUR DRONE
YOUR ADVENTUROUS DRONE DESERVES LOOKING AFTER, 
SO MAKE SURE IT’S PROTECTED FROM HARM

● Carry your drone with you and 
never worry about damage in transit

Go above and beyond with the ultimate grab-and-go 
carry system for your quadcopter and all the extra 

parts. An ultra-portable tray with grab handles provides a 
foundation for the kit and doubles as a work surface. Priced 
at £74, you can fi nd out more at lowepro.co.uk/drones.
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LOWEPRO DRONEGUARD KIT

ADVERTORIAL

THE ULTIMATE QUADCOPTER CARRY SYSTEM



 ”WHILE YOUR DRONE MAY 
 SURVIVE A CRASH OR TWO, 
 THERE ARE NUMEROUS 
 DELICATE PRECISION PARTS” 

LOWEPRO DRONEGUARD CS 400

The DroneGuard CS 400 is a sturdy and protective case designed by serious 
drone pilots for DJI Phantom series, 3DR Solo and similar sized quadcopters. 

The DroneGuard CS 300 is designed for Parrot Bebop, FPV 250 racing drones and 
similar models. Priced at £110/£88, you can fi nd more information online at 
lowepro.co.uk/drones.

enthusiast, professional photographer or 
videographer requires when on a shoot.

Many quadcopter pilots are fi nding that 
getting their drone to their shoot location is 
becoming a pain-point. Like other aspects 
of photography, drones also require many 
accessories such as controllers, spare batteries, 
rotors, tools, manuals, monitors and more. This 
creates additional problems for the aerial imager 
when organising and carrying this equipment 
into the fi eld. When considering a solution 
to carry and protect your drone, you need a 
case like the Lowepro DroneGuard CS 300 or 
DroneGuard CS 400 that has been designed 
for your drone’s form factor. Lowepro’s carry 
systems are packs that keep all the accessories 
and parts in their own secure compartments to 
avoid jumbling components around in transit. 

ULTIMATE SECURITY
Drones have a unique form factor and are 
by nature very light; yet most carrying cases 
available are heavy, repurposed camera cases 
that cannot be reconfi gured for different gear 
or situations. If you feel the need to go above 
and beyond with the carry system for your 
quadcopter and all the extra parts, fortunately 
such a system now exists. 

A case system needs to be designed to 
complement the X-shape of today’s most popular 
drones and quadcopters while also safely 
organising all the accessories. Unique and highly 
functional, kit should go beyond “pick-and-pluck” 
systems and offer users a perfect, out-of-the-
box solution.  Lowepro’s DroneGuard Kit 
offers a lightweight system to easily 
store and carry all parts of a complete 
kit. An ultra-portable tray with grab 
handles, built with a rigid, durable 
base and honeycomb interior, provides a 
foundation for the kit and doubles as a work 
surface, while retention straps offer security. 
Modular components include a battery box 
with adjustable dividers, drone sidewalls with 
slash pockets and a remote/transmitter divider, 
trusted to keep all equipment safe, organised 
and within easy reach when storing, transporting 
or on location.
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● Drones enabled SkyVue 
Media to see the bigger 
picture of this off-road 
track day event for the G4 
Challenge group
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For decades, � lmmakers have enjoyed 
incorporating technological advances 

into the way that they work. In the 
Seventies, the advent of the steadicam rig 
enabled fi lmmakers to produce fl oating shots 
using a handheld camera. 

Long, uninterrupted shots that followed 
actors as they walked and talked became 
part of everyday fi lm language thanks to 
this technology. With the development of 
drones, fi lmmakers are discovering more 
ways to capture distinctive footage for a wide 
range of fi lm, TV and corporate productions. 
Indeed, there are now many fi lm-production 
companies who specialise in drone-based fi lm 
production, such is the demand for affordable 
aerial fi lmography by the industry.

While planning a TV commercial, energy 
company EDF wanted to show the journey of 
various energy assets in the UK in a single shot. 
They tasked UK-based SkyVue Media with the 
job of capturing drone-sourced aerial footage 
that would blend seamlessly with handheld 
steadicam footage on the ground, as SkyVue’s 
Managing Director Dan Shiells explains: “That 
was quite tricky because the shot starts over 
the back of a house pointing down, and then 
we tilt up to reveal the horizon. We then pull 
back over the house, come down the front of it, 
and zoom right in on an EDF energy van. From 
there, the steadicam shot takes over, travels 

down the van, and then we pick up the shot at 
the other end with the drone, and take it back 
up and out to the bird’s-eye view. They want a 
seamless transition, so that’s what we were 
aiming for. It’s a tricky shot to pull off.” 

To get the multirotor’s footage to line up with 
the steadicam footage was a challenge, so it 
took SkyVue’s crew a day to get the two aerial 
shots that would book-end the steadicam 
tracking shot. 

Traditionally, a crane-like rig known as a 
jib has been used to lift a camera so that it 
can view its subject from a low to high angle. 
For decades, track rails enabled a camera to 
follow a moving subject. A little bit of research 
however, will show you that there are many 
examples of drones being used to replicate 
these traditional camera moves. “In terms of 
tracking, steadicam and jib, we can do all of 
these kinds of shots with the drone,” Shiells 
informs us. “With the drone, people tend to 
think of putting it quite high up in the sky, 
but if you have a skilled pilot, you can bring it 
down a metre and a half off the ground to get a 
nice low shot, and then come out to sweeping 
wide. We’re trying to let potential clients 
know that this is a very versatile service.” The 
main downside to using a drone instead of a 
steadicam is the noise produced by its rotors. 
This can necessitate some post-syncing if the 
scene features a speaking part.

MAKING FILMS
DISCOVER HOW DRONES ARE CHANGING THE WAY FILMMAKERS 
(AND EVEN THEIR CLIENTS) APPROACH A SHOOT
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● The SkyJib 
range from 
Aeronavics 

are heavy-lift 
multi-rotors 

used by many 
professional 

aerial filmmaking 
companies

 ”THERE ARE MANY FILM-.
.PRODUCTION COMPANIES. 

..WHO SPECIALISE IN DRONE-.
.BASED FILM PRODUCTION”.
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Before drones were very readily available, 
fi lm-production companies needed to hire 
expensive helicopters to get aerial shots. 
Drones make these type of aerial shots much 
more affordable. Drones can also bring the 
camera much closer to their subjects than a 
helicopter could without risking life and limb.

And it’s not just cameras that fi lmmakers are 
mounting on their drones as Shiells explains: 
“You can mount different things on them. You 
can mount a light on one drone to produce 
some dramatic lighting or to be able to get a 
light where you wouldn’t normally be able to. 
When fi lming, lots of clients say that they would 
like to get a light moving over a car to see its 
refl ections. An easy way to do that is to put the 
light on a drone.”

The versatility of drones is inspiring 
fi lmmakers with new ways to experiment, as 
Stef Williams (pilot and owner of Aerialworx) 
explains: “People I work with have not really 

grasped what drones are capable of doing. 
So I do like to push the envelope and give 
production companies a demonstration at the 
beginning of the day of exactly what they are 
capable of doing. A lot of people say to me at 
that point: ‘Wow! I didn’t realise they could do 
that!’ So we are experimenting a bit more.” 

Indeed, so taken are clients by the versatility 
of drones that they are keen to use them in 
place of more traditional fi lmmaking kit. Where 
once a camera operator might have fi lmed a 
moving car from the window of an adjacent car, 
now a drone can be used to track alongside the 
target vehicle. The client’s desire to use drones 
for everything raises logistical (and stamina-
related) challenges for aerial fi lmmakers 

such as Williams: “Because drones are the ‘in 
thing’ at the moment, people just want to use 
them for everything, so we tend to fi nd that 
we go through batteries very quickly and have 
to constantly have them on charge. It’s quite 
demanding and they just go from one shot to 
the next. Production companies are now giving 
a lot more thought to how they use drones, 
whereas in the beginning (two and half years 
ago) they were just bringing the drone along 
and saying: ‘Let’s see what we can do with it’. 
We would sit around for maybe two or three 
hours and then do a couple of shots, whereas 
nowadays we tend to be fl at out all day!”

FILMMAKING EQUIPMENT
To produce high-defi nition, aerial footage 
for production companies, drone pilots like 
Williams need to get an expensive array of 
kit into the air. “The most expensive cameras 
we have fl own to date are things like the Epic 
Red Dragon with some ultra prime lenses. To 
get the highest resolution we were fi lming at 
a resolution of 6K. The camera costs about 
£65,000. I think the lenses were about £30,000 

 ”DRONES CAN BRING THE CAMERA MUCH CLOSER TO 
 THEIR SUBJECTS THAN A HELICOPTER COULD”.

● SkyVue Media’s stunning 
video footage would have 
been more expensive and 
more dangerous to shoot 

with a helicopter
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and we had another £10,000 of ancillaries 
on there. Follow focus systems enabled 
us to zoom in and zoom out. So the overall 
weight of what we were carrying (the payload) 
was around 6.8 kg.” To keep this high-end 
production kit safe, Williams used a SkyJib 
octocopter, manufactured by Aeronavics 
Limited, a New Zealand based company. For 
more on their range of SkyJib multirotors and 
accessories, check out www.aeronavics.com.

To keep multirotors up for a longer shoot 
is a key goal for professional fi lmmakers like 
Williams, especially when they’re carrying a 
heavy payload. This involves much research 
and custom rig building: “We’re working on an 
ultra-heavy lift frame, which is a 1.5-metre 
octocopter. We’ve gone for ultra-light 
components, such as new motors that don’t 
use the old type magnets, so they are a lot 
lighter, as well as more-effi cient-than-normal 
motors. We can lift 8kg for up to 20 minutes, 
which is a long time. When we were lifting a Red 
Epic camera with our existing SkyJib heavy lift 
frame, we got about four minutes’ fl ying time. 
So it’s going to be a luxury when we can fl y for 
20 minutes. At the moment we have to plan 

every aspect of the shoots before we take off 
with a heavy lift rig. You’ve got to know exactly 
what you’re doing from the moment you take 
off, but with this new one, 20 minutes gives you 
a bit of time to fl y into position, line yourself 
up properly, have a bit of a natter for a few 
seconds if you need to, and then do the shots.”

OTHER TECHNOLOGY
When fl ying expensive payloads, professional 
fi lmmakers rely on technological 
developments to protect their airborne assets. 
Craig Jump from Sky View Video explains 
some of the key safety features on craft and 
fl ight controllers: “The more advanced fl ight 
controllers have barometers, which help 
maintain the craft’s altitude. With the basic 
controller, you spend most of your time on the 
throttle trying to keep the altitude level, which 
gets quite diffi cult. You then have aircraft with 
ultrasonics that can sense the ground and help 
keep a specifi c distance above the ground or 
obstacles. GPS will give altitude and location 
data to the fl ight controller, so when you’re 
doing aerial photography or video you can take 
your hands off the sticks and focus on what the 
camera is doing while the aircraft stays in one 
place. Thanks to GPS, if you lose control of the 
aircraft it will return and land where it took off, 
or hover in the same location.”

It’s clear that craft such as multicopters are 
becoming a valuable tool for the production 
of fi lms,  and are being used in big-budget 
Hollywood movies such as Skyfall, Harry 
Potter And The Chamber Of Secrets and The 
Expendables 3. As the technology continues to 
develop and the capabilities of drones continue 
to be pushed, don’t be surprised if the next 
time you see an incredible aerial sequence in 
the cinema, it is footage that’s been shot using 
a drone. 

● SkyVue Media uses 
an octocopter to safely 

capture stunning views 
of a wind farm for 

energy company EDF

● Stef Williams from 
Aerialworx films an 

aerial view of a quarry 
detonation from a safe 

distance, thanks to 
her multicopter

● Pete Stanton pilots Aerialworx’s X6 
Hexacopter and controls the camera while 
Stef Williams monitors footage and directs 
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The latest technology could soon open 
the sky to a new wave of multirotors

We have reached the tipping point. 
Drones and UAVs are now cheaper, 
more accessible and more capable 

than ever before. Lightweight lithium batteries and 
high-powered brushless motors already provide 
enough power to keep sizeable payloads in the 
air for 20 minutes at a time. Now the focus has 
turned to adding extra intelligence. Faster and 
more sophisticated fl ight controllers will soon 
allow multirotor drones to fl y more autonomously 
and more safely, and this opens up entirely new 
possibilities for UAVs.

NO PILOT REQUIRED
2016 will be the year of the ‘follow drone’. These 
are quadcopters that don’t need your hands 
continuously hovering over the joysticks. They are 

programmed to follow you, whatever you are doing. 
AirDog, Hexo+ and Lily are all new drones that 
are designed for action sports. You wear a special 
tracking device on your wrist or in your bag and 
the drone keeps up with you as you snowboard 
down the mountain or kayak down a river, making 
sure you’re always in the centre of the shot. These 
quadcopters take off and land automatically or 
can be thrown into the air to launch them. The Lily 
also automatically detects when you hit a ramp 
and ‘catch air’, so it can switch to slow-motion 
video to show off your stunts to maximum effect. 
These drones can be given instructions via a 
smartphone app or a simple controller, but you 
don’t fl y them like a traditional RC model. They 
are cameras that fl y, rather than aircraft with 
cameras. But if you aren’t into extreme sports, 
a high-speed drone like one of these may be 
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         FOLLOW DRONES ARE
           PROGRAMMED TO FOLLOW YOU,
         WHATEVER YOU ARE DOING 



since evolved into a much more ambitious 
service that would race medicine and supplies 
to disaster areas ahead of the main aid effort. 

The initial design was a fl ying 
wing that took off and landed 
vertically, on its tail. This 
was scrapped in May this 
year, after tests showed that 
it was too unstable when 
hovering in windy conditions, 
and while winching its 
payload to the ground. 
Google X hasn’t revealed the 
new design yet, but it seems 
likely that its drones will still 
need wings for forward fl ight 
in order to obtain the range 
they require.

overkill. In which case there’s the Zano, 
which is rather like a fl ying selfi e stick. 
It’s a tiny quadcopter, the size of your fi st, 
that takes photos and video by tracking 
your phone. It can sense nearby objects 
to avoid collisions and it’s small enough 
that you could use it in the garden of a pub, 
to snap a shot of you and your friends. 
There’s no more asking a stranger to take a 
group shot for you, and you are guaranteed 
to get that fl attering high-up angle. All of 
these drones are available for pre-order now 
and are expected to ship at the end of 2015 
or early 2016.

AIRMAIL DELIVERY
A camera isn’t the only payload a drone can 
carry, though. Amazon raised a lot of eyebrows 
last year when it fi led some tentative patents 
for a drone delivery service. Such a system 
wouldn’t currently be legal, since most 
countries require civilian drones to be fl own 
within line-of-sight of their operator. But the 
US Federal Aviation Administration recently 
announced its Pathfi nder Program to explore 
whether these rules could be relaxed. This 
trial is partnering with three different 
companies to test different applications: 
CNN for aerial news reporting in cities, 
PrecisionHawk for surveying crops in rural 

areas, and BNSF Railroad for inspecting tracks 
in isolated spots. The results of these trials 
could result in a licensing system that allows 
UAVs to operate beyond 
visual range within just a 
couple of years. Google’s 
secret research division, 
Google X, has actually 
already been testing long-
range drones for the last 
three years in Australia, 
where the fl ying restrictions 
are more lax. Its Project Wing 
began as a way of rushing 
defi brillators to people 
suffering heart attacks 
faster than an ambulance 
could reach them, but it has 

since evolved into a much more ambitious 
service that would race medicine and supplies 

overkill. In which case there’s the Zano, 
which is rather like a fl ying selfi e stick. 
It’s a tiny quadcopter, the size of your fi st, 
that takes photos and video by tracking 
your phone. It can sense nearby objects 
to avoid collisions and it’s small enough 
that you could use it in the garden of a pub, 
to snap a shot of you and your friends. 
There’s no more asking a stranger to take a 
group shot for you, and you are guaranteed 
to get that fl attering high-up angle. All of 
these drones are available for pre-order now 
and are expected to ship at the end of 2015 

areas, and BNSF Railroad for inspecting tracks 
in isolated spots. The results of these trials 

      RIOT 
CONTROL
A South African mining 
company has bought 
25 multirotors to quell 
potential uprisings. The 
‘Skunk’ drones have four 
barrels that can � re special 
pepper spray rounds, 
or paintballs to mark 
protesters for the police.

         THE HORSEFLY DRONE IS 
               BIDDING FOR A CONTRACT 
         FROM THE US POSTAL SERVICE 

140  THE DRONES BOOK

● NASA is testing a huge ten-engine drone 
that takes off like a quadcopter and then 
rotates the wings for high-speed flight

● Follow drones can keep pace or orbit as you move and 
keep their camera facing towards you

NASA Langley/David C. Bowman
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Workhorse Inc has sidestepped the 
problem of range altogether. Its Horsefl y 
drone is bidding for a contract from the US 
Postal Service. This system will still deliver 
parcels by van, but the drone will handle the 
last mile from the van to the front door. This 
allows the van driver to run a much shorter 
route that avoids all the slow twisty bits. The 
Horsefl y drone scans the barcode on the 
package, which can weigh up to 4.5kg, and 
launches from the roof of the van. Initially it 
fl ies by autonomous GPS navigation, but the 
fi nal approach and landing is handled by a 
call centre of dedicated drone operators who 
make sure it’s outside the right address and 
watch out for power lines and other obstacles. 
Horsefl y offers a far more realistic approach to 
drone delivery than Amazon’s vision since the 
drones are only making relatively short trips. 
Instead of a 50-mile trip from a centralised 
warehouse, the Horsefl y would make at most 
a two-mile round trip, catching up with the 
van as it continues on its delivery route. Safely 
back aboard, it would recharge its batteries 
from the van, ready for the next delivery.

DON’T FORGET TO TIP 
YOUR DRONE
While Workhorse, Amazon and Google are 
waiting for the FAA to grant them permission 
to begin full-scale outdoor testing, in China 

they are already fl ying. In February, Asia’s 
largest online retailer Alibaba trialled a service 
that delivers ginger tea by drone to customers 
in Beijing, Shanghai and Guangzhou in less 
than an hour. And in Singapore’s Timbre 
restaurant, quadcopters from Infi nium 
Robotics are acting as fl ying waiters to bring 
trays of food and drinks out from the kitchen. 

The drones have fully guarded rotors to 
prevent nasty accidents, but even so, they 
don’t deliver directly to the tables. The idea is 
to save the waiters from making trips to and 
from the kitchen. This allows them to spend 
more time attending to the diners, as well as 
providing a touch of theatre.

As quadcopters get cheaper and easier to 
fl y, it’s inevitable that criminals and terrorists 
will begin to explore the possibilities they offer. 
The US Drug Enforcement Agency estimates 
that drones are already making more than 
150 trips a year across the US-Mexican 
border, laden with drugs. In January a £1,000 
hexcopter carrying £12,000 worth of crystal 
meth crashed into a supermarket car park in 
Tijuana, near the border. Meanwhile, thieves 
in the UK have begun using quadcopters to 
case houses in advance of a burglary. Security 
systems that can detect and defend against 
UAVs are quite diffi cult to design. Since they 
are so small, CCTV and radar can’t easily 
distinguish them from birds until they are very 
close, and their rotor noise is easily drowned 
out by traffi c. Drone Labs is selling a device 
that listens for the radio signals sent to and 
from nearby UAVs and deciphers them to 
work out where they are being operated from. 
French company Malou Tech is developing 
drones to catch drones. Its Rapere UAV uses a 
towed net to ensnare quadcopters that could 
threaten airports and nuclear power stations.

      DRONES 
ON MARS
The European Space Agency is using a 
quadcopter to test the landing system for 
Mars rovers. Mars doesn’t have enough 
atmosphere to actually  y a multirotor, but 
it’s a much cheaper way to test the guidance 
electronics on Earth. The StarTiger Dropter 
has a mass of 16.8kg, including a 3.6kg mini-
rover, and can  y for up to 15 minutes.
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● Quadcopters like the Nixie could be portable 
enough to wear like a watch, and smart enough 
to fly themselves without a controller
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FOLDING FLYERS
When drones aren’t fl ying, most of them are 
delicate and diffi cult to transport. Unless 
you remove the rotors after each fl ight, they 
snag on things and the wide arms take up a 
huge amount of space. Folding drones offer 
a way around this. Dr Stefano Mintchev, a 
professor of bio-inspired robotics at the 
École Polytechnique Fédéralede Lausanne, 
in Switzerland, has developed a prototype 
quadcopter that folds up to one seventh of 
its deployed size. The tiny quad begins as a 
58x58mm square 
package, with its arms 
folded around itself. 
When it activates, the 
torque from its own 
propellers snaps the 
arms outwards and 
spring-loaded plates 
lock the elbow joints 
in place, all in less 
than a second. The 
Nixie quadcopter, a 
prototype design that 
won Intel’s ‘Make it 
Wearable’ competition 

last year, takes this a step further, with arms 
that wrap around your wrist in a smooth curve. 
You wear this drone like a wristwatch and 
launch it with a fl ick that locks the arms out 
straight. It fl ies like a boomerang out from 
you, recording video of you as it fl ies, before 
returning to your hand. Portability is very 
important for the military, too: delicate drones 
are diffi cult to transport safely in combat 
situations. The US Offi ce of Naval Research 
has developed a winged drone that folds up 
into a bullet shape and is launched from a 

cannon that can fi re 
30 drones in under a 
minute. These drones 
communicate with 
each other to fl y as a 
swarm – the project is 
called LOCUST (Low-
Cost UAV Swarming 
Technology). These 
drones are single-
use reconnaissance 
aircraft that can 
cooperate to provide 
360° targeting over a 
wide battlefi eld.

RISE OF THE MACHINES
The ability to communicate with each 
other is in fact probably the most signifi cant 
new trick that drones are learning. 
Researchers at the Swiss Federal Institute 
of Technology in Zurich have developed 
quadcopters that can play catch with each 
other, bouncing a ball off their top surface 
from one to other. These quadcopters aren’t 
just using their own on-board cameras to 
track the motion of the ball and calculate 
where they need to be to catch it. They 
are also constantly talking to cameras 
positioned around the room to help them 
precisely locate every moving object. The 
algorithms developed in this Flying Machine 
Arena are so sophisticated that these 
quadcopters can balance a long stick on 
its end and throw it from one quadcopter to 
another. Or hold a net stretched between 
three quadcopters and co-ordinate their 
movements to toss a ball in the net into 
the air and catch it. Even at the 200 frames 
a second that the quadcopters update 
their position data, these manoeuvres 
happen too quickly to precisely calculate 
the required motor inputs in real-time. To 

● Three quadcopters 
co-ordinate their flight 
patterns to throw and catch 
a ball in a net suspended 
between them

● The LOCUST can be launched in 
swarms of up to 30 drones to provide 
battlefield reconnaissance

THE FUTURE OF DRONES



BOMB DISPOSAL 
FROM THE SKY
Imaging company Arch Aerial is using infrared laser ‘LiDAR’ to look for 
unexploded bombs left over from the Vietnam War in Laos. Multirotor 
drones can see through the dense jungle foliage to discover old 
craters and bunkers.

● LOCUST on display at the Navy League’s annual 
Sea-Air-Space Expo in 2015
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get around this, they use learning algorithms 
that refi ne the movement sequence from 
one attempt to the next, so the quadcopters 
get more and more accurate on each 
iteration. This is just how a human athlete 
improves with practice, gradually improving 
their muscle memory for a complex 
sequence of actions.

Drones and UAVs now are like the world 
wide web was 20 years ago. The technology 
is there and we just need to fi gure out 
interesting things to do with it. There are 
over 30 new drones currently looking for 
startup cash on the crowdfunding website 
Kickstarter, with designs from indoor ping-
pong ball bombers, to fully autonomous 
and waterproof outdoor mapping drones. 
Ten years ago, most people didn’t think they 
needed a smartphone; now we all have one. 
If Apple decides to make an iDrone, it could 
end up being almost as ubiquitous as that.
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● Drones don’t necessarily need four propellers. The Sprite uses 
contra-rotating coaxial rotors and steers using counterweights

● The Distributed Flight Array uses modular drones that can 
co-operate to fly as a single aircraft in any configuration Ra
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         THEY CAN BALANCE A LONG 
STICK ON ITS END AND THROW IT FROM 
ONE QUADCOPTER TO ANOTHER 
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 146  Program a 
Raspberry Pi 
quadcopter
Discover how this 
mini-computer can help 
you build and program 
your own drone

 152   Program a 
drone’s flight 
path
Code a set path for your 
drone and explore the 
world of autonomy 

 156   Control your 
drone with a 
joypad
Connect your drone to a PC 
and navigate it during fl ight 
using a simple joypad
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146  Program a 
Raspberry Pi 
quadcopter
Discover how this 
mini-computer can help 
you build and program 
your own drone

If you’re looking 
to take things to 
the next level, 
this section will 
show you how 
to code, program 
and control your 
drone in exciting 
new ways 



The Raspberry Pi is a fantastic piece of kit. The 
possibilities it offers are virtually endless, including 
taking your skills and programming a quadcopter.

Kits are available as ready-to-fl y (RTF) if you just want the 
joy of fl ight, but where’s the challenge in that?  We started 
with an almost-ready-to-fl y (ARF) kit – the DJI Flame Wheel 
F450 – all the hardware, but none of the control electronics 
or software. Many enthusiasts have created DIY quadcopters 
using Arduino microcontrollers, so we knew a DIY build was 
possible, but very few, if any, have successfully used the 
Raspberry Pi.

This article uses the Python code that can be found here 
http://pastebin.com/dDz7LxyQ as a guide through what’s 
needed to build a quadcopter, metaphorically bolting it 
together so that by the end, you don’t just understand the 
code but also the interaction with the real-world to enable 
you to build your own quadcopter with confi dence.

As you read the article, you can follow the corresponding 
code by searching for an equivalent tag comment; 
for example, to fi nd the code related to the ‘# Angles’ 
section of the article, you will simply need to search the code 
for ‘# Angles’.

WANT TO TAKE THINGS TO THE NEXT LEVEL? DISCOVER HOW TO DO 
JUST THAT BY TRANSFORMING YOUR RASPI INTO A QUADCOPTER

PROGRAM A 
RASPBERRY PI 
QUADCOPTER

PROGRAM A RASPI QUADCOPTER

WANT TO TAKE THINGS TO THE NEXT LEVEL? DISCOVER HOW TO DO 

QUADCOPTERQUADCOPTER

PROGRAM A RASPI QUADCOPTER

PROGRAM A PROGRAM A PROGRAM A PROGRAM A 
RASPBERRY PI RASPBERRY PI RASPBERRY PI 
QUADCOPTER
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aqx

aqzaq Θ

ag

HOW SENSORS IN THE QUADCOPTER POINT OF VIEW ARE 
CONVERTED TO THE EARTH (HORIZONTAL/VERTICAL) 
VIEWPOINT TO PROVIDE HORIZONTAL MOTION

aqx

qz

Propulsion
Here we’re seeing 
the force from 
the propellers

Vectors
Propeller force 
relative to Earth’s axis 
(horizontal / vertical)

Gravity
This term 
denotes the 
force of gravity

Angle
This is the angle of 
tilt as defined by 
the quads sensors

ag = gravitational acceleration
aq = quadcopter acceleration
aqx
aqy

Θ = angle of tilt derived from
         accel + gyro

}= aq (reorientated to Earth’s axes) aqx = tan Θ
aqy

for horizontal fl ight
aqz = g =>
horizontal accel aqx = g + a

Propulsion
Here we’re seeing 
the force from 
the propellers

= gravitational acceleration
= quadcopter acceleration

= angle of tilt derived from
         accel + gyro

= aq (reorientated to Earth’s axes)

Propulsion
Here we’re seeing 
the force from 
the propellers

= gravitational acceleration
= quadcopter acceleration

= angle of tilt derived from
         accel + gyro

}= a

Propulsion
Here we’re seeing 
the force from 
the propellers

ag = gravitational acceleration
aq = quadcopter acceleration
aqx
aqy

Θ= angle of tilt derived from
         accel + gyro

}
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# INTERPRETER
The command interpreter converts a series of commands 
either from a radio control or programmed into the code 
itself. The commands combine the direction and speed 
compared to the horizon that the user want the quadcopter 
to follow.  The code converts these commands into a series 
of targets for vertical speed, horizontal speed and yaw speed 
– any command from a pair of joysticks can be broken down 
into a set of these targets.

# INPUTS
The inputs to the quadcopter come from a series of electronic 
sensors providing information about its movement in the 
air. The main two are an accelerometer which measures 
acceleration force (including gravity) in the three axes of the 
quadcopter, and a gyroscope which measures the angular 
speed with which the quadcopter is pitching (nose/tail up 
and down), rolling (left/right side up and down), and yawing 
(spinning clockwise and anticlockwise around the central 
axis of the quadcopter itself).

# AXES
The accelerometer is relative to the orientation of quadcopter 
axes, but the command targets are relative to the Earth’s 
axes – the horizon and gravity.  To convert the sensor output 
between the quadcopter axes and the Earth axes needs a 
little trigonometry and knowledge of the tilt angles in pitch 
and roll axes of the quadcopter with respect to the Earth.

# ANGLES
Both the accelerometer and gyro can provide this angle 
information, but both have fl aws.

The accelerometer output can be used to calculate 
the angle by using the Euler algorithm.  However, the 
accelerometer output is plagued by noise from the motors/
propellers, meaning a single reading can be hugely 
inaccurate; on the plus side, the average reading remains 
accurate over time.

In contrast, the gyro output does not suffer from the noise, 
but since it is the angular speed being measured, it needs 
to be integrated over time to fi nd the absolute angle of the 
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quadcopter in comparison to the horizon.  Rounding errors 
in the integration lead to ever increasing errors over time, 
ultimately curtailing the maximum length of a fl ight.

# FILTER
Although independently they are both fl awed, they can 
be merged mathematically such that each compensates 
for the fl aws in the other, resulting in a noise-free, long-
term accurate reading. There are many versions of these 
mathematical noise/drift fi lters. The best common one is 
by Kalman; the one we’ve chosen is slightly less accurate, 
but easier to understand and therefore to code: the 
complementary fi lter.

Now with an accurate angle in hand, it’s possible to convert 
accelerometer sensor data to inputs relative to the Earth’s 
axes and work out how fast the quadcopter is moving up, 
down, left, right and forwards and backwards compared to 
the targets that have been set.

# PIDs 
So we now have a target for what we want the 
quadcopter to do, and an input for what it’s doing, 
and some motors to close the gap between the two; 
all we need now is a way to join all of these together 
conclusively. A direct mathematical algorithm is 
nigh-on impossible – accurate weight of the quadcopter, 
power per rotation of each blade, weight imbalance etc 
would need to be incorporated into the equation. And yet 
none of these factors is stable: during fl ights (and crashes!), 
blades get damaged, batteries move in the frame, grass/
mud/moisture changes the weight of the quadcopter, 
humidity and altitude would need to be accounted 
for.  Hopefully it’s clear this approach simply won’t fl y.

Instead, an estimation method is used with feedback 
from the sensors to fi ne-tune that estimate.  Because the 
estimation/feedback code loop spins at over 100 times 
a second, this approach can react to ‘errors’ very quickly 

PIDs connecting 
commands and sensor 
feedback to produce 
an output driving the 
propeller blade 
(E)lectronic (S)peed (C)
ontrollers

Radio
Control
Commands

Pitch/Roll 
Angle
PID
Target

Complementary 
Filter

gyro(z)

gyro(x&y)

accel +Euler

Com
m

and Interpreter

M
ixer

Yaw Angle
PID
Target

Vertical 
Speed
PID
Target

Autonomous 
Control
Commands

+ + +

+

+

- - -

-

-

Esc

Esc

Esc

Esc

Esc

Esc

Autonomous 
Control
Commands

+

The horizontal speed PID takes movement 
commands and feedback from integrated 
gyro sensors to define the desired tilt and 
angle to achieve the required speed

The vertical speed PID directly controls 
the desired rate of climb or descent 
with feedback from integrating Z-axis 
accelerometer data

Commands from the radio-control 
or programmed route are processed 
and converted into a set of desired 
movements in the X, Y and Z axes

PROGRAM A RASPI QUADCOPTER

The yaw PIDs are 
used to ensure 
the quadcopter 
doesn’t rotate 
its Z-axis in 
flight

The angular speed PID takes 
the required angle PID out, 
with feedback from the gyro to 
apply power to the motors. This 
produces the required tilt and 
horizontal movement

The PID outputs are 
applied appropriately 
to each propeller 
ESC to effect the 
change defined by the 
proceeding commands

PIDS CONNECTING COMMANDS 
AND SENSOR FEEDBACK TO 
PRODUCE AN OUTPUT DRIVING 
THE PROPELLER BLADE 
(E)LECTRONIC (S)PEED 
(C)ONTROLLERS

Pitch/Roll 
Angle
PID

+

PIDS CONNECTING COMMANDS 
AND SENSOR FEEDBACK TO 
PRODUCE AN OUTPUT DRIVING 
THE PROPELLER BLADE 
(E)LECTRONIC (S)PEED 
(C)ONTROLLERS

The angle PID takes the desired tilt 
angle from the horizontal speed PID 
and feedback from the gyro and the 
accelerometer combined to produce the 
tilt angle feedback. This results in the 
required angular speed
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“Both the accelerometer and 
gyro can provide the angle 
information, but both have flaws“

indeed, and yet it knows nothing about all the factors which 
it is compensating for – that’s all handled blindly by the 
feedback; this is the PID algorithm.

It takes the target, subtracts the feedback input, 
resulting in the error. The error is then processed via 
a Proportional, Integral and a Differential algorithm to 
produce the output. 

# BLENDER
The outputs are applied to each ESC in turn: the vertical 
speed output is applied equally to all blades; the pitch rate 
output is split 50/50 subtracting from the front blades and 
adding to the back, producing the pitch. Roll is handled 
similarly. Yaw too is handled in a similar way, but applied to 
diagonal blades which spin in the same direction. 

These ESC-specifi c outputs are then converted to a 
PWM signal to feed to the hardware ESCs with the updated 
propeller/motor speeds. 

CODE AND REALITY
In this code, there are nine PIDs in total. In the horizontal 
plane, for both the X and Y axes, the horizontal speed 
PID converts the user-defi ned desired speed to required 
horizontal acceleration/ angle of tilt; the angles PID 
then converts this desired tilt angle to desired tilt rate 
which the rotation speed PID converts to changes in 
motors speeds fed to the front/back or left/right motors for 
pitch/roll respectively

In the vertical direction, a single PID converts the desired 
rate of ascent/descent to the acceleration output applied to 
each plate equally.

Finally, prevention of yaw (like a spinning top) uses two 
PIDs – one to set the desired angle of yaw, set to 0, and one to 
set the yaw rotation speed. The output of these is fed to the 
diagonally opposing motors which spin in the same direction.

The most critical of the nine are pitch/roll/yaw stability. 
These ensure that whatever other requirements enforced by 
other PIDs and external factors, the quadcopter is stable in 
achieving those other targets; without this stability, the rest 
of the PIDs cannot work.  Pitch is controlled by relative speed 
differences between the front and back propellers; roll by left 
and right differences, and yaw by clockwise/anticlockwise 
differences from the corresponding PIDs’ outputs.  The net 
outputs of all three PIDs are then applied to the appropriate 
combination of motors’ PWM channels to set the individual 
pulse widths.

With stability assured, some level of take-off, hover and 
landing can be achieved using the vertical speed PID.  Placing 
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the quadcopter on a horizontal surface, set the target to 
0.5 m/s and off she zooms into the air, while the stability PID 
ensures that the horizontal attitude on take-off is maintained 
throughout the short fl ight, hover and landing.

Up to this stage, the PIDs are independent.  But what about 
for horizontal movement target, and suppression of drifting in 
the wind? Taking the drift suppression fi rst, a quadcopter in a 
headwind will drift backwards due to the force applied by the 
wind. To compensate, it must tilt nose down at some angle 
so that some of the propellers’ thrust is applied horizontally 
to counteract the wind. In doing so, some of the power 
keeping the ’copter hovering at a fi xed height is now battling 
the wind; unless the overall power is increased, the ’copter will 
start descending.

Horizontal movement is more complex still. The target 
is to move forwards at say 1 metre per second.  Initially the 
requirement is similar to the headwind compensation – 
nose down plus increased power will apply a forward force 
leading to forward acceleration. But once that horizontal 
speed is attained, the quadcopter needs to level off to stop 
the acceleration, but at the same time, friction in the air will 
slow the movement.  So there’s a dynamic tilting fore/aft to 
maintain this stable forward velocity.

Both wind-drift suppression and controlled horizontal 
movement use nested PIDs; the X and Y axes horizontal 

THE ORIENTATION 
OF THE QUADCOPTER 
COMPARED TO THE 
DIRECTION OF TRAVEL, 
THE ROTATION OF 
THE PROPELLERS 
AND THE AXES 
USED IN THE 
CODE

“A quadcopter in a 
headwind will drift 
backwards due to 
the force applied 
by the wind”

Understanding quadcopters...
Although this article focuses on software, a basic background in 
the hardware from the kit is necessary to provide context.

A quadcopter has four propellers (hence the name) pointing 
upwards to the sky, each attached to its own brushless DC motor at 
one of the four corners of (usually) a square frame. Two motors spin 
clockwise, two anticlockwise, to minimise angular momentum of the 
quadcopter in flight.

Each motor is driven independently by an electronic speed controller 
(ESC). The motors themselves have three sets of coils (phases), and 
the ESCs convert a pulse-width-modulation (PWM) control signal from 
software/hardware to the three phase high-current output to drive 
the motors at a speed determined by the control signal.

The power for the ESCs and everything else on the system comes 
from a Lithium Polymer battery (LiPo) rated at 12V, 3300mA with peak 
surge current of 100A – herein lies the power!

speed PIDs’ outputs are used as the pitch and roll 
angle PIDs targets; their output feeds the pitch and roll 
rate PIDs to ensure stability while meeting those angular 
targets. The sensor feedback ensures that as the desired 
horizontal speed is approached, the horizontal speed 
PID errors shrink, reducing the targets for the angular 
pitch PID, thus bringing the quadcopters nose back up to 
horizontal again.
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“A quadcopter in a “A quadcopter in a 
headwind will drift 
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Hopefully it now becomes clearer why accurate angle 
tracking is critical:  in the nose-down, headwind example, the 
input to the vertical speed PID from the sensors is reduced by 
the cosine of the measured angle of ’copter tilt with respect to 
the horizon.

Similarly, X and Y axis speed PID sensor inputs need 
compensating by pitch and roll angles when comparing target 
speeds against accelerometer readings.

EXPERIMENTATION AND TUNING
While the code accurately refl ects everything we’ve described 
here, there’s one critical set of steps which can only be 
found through live testing; these are the PID gains.  For each 
PID running, there is an independent Proportional, Integral 
and Differential gain that can only be found with estimation/
experimentation. The results for every quadcopter will be 
different.  Luckily there is a relatively safe way to proceed.

First, fi nd the PWM take-off speed: this is done by sitting 
your quadcopter on the ground and slowly increasing the PWM 
value until she starts looking light-footed – for your expert, 
this was about the 1590us pulse width (or 1000us + 590us, as 
shown in the code).

Next, sorting out the stability PIDs – assuming your 
quadcopter is square and its balance is roughly central, 
then the result of pitch tuning also applies to yaw tuning. For 

pitch tuning, disable two diagonally opposed motors and 
rest these on a surface – the quadcopter sits horizontal in 
between.  Power up the dangling motors’ PWM to just under 
take-off speed (1550us pulse width in our expert’s case). Does 
the quad rock manically, wobble in some pretence of control, 
self-right when nudged, or do nothing? Tweak the P gain 
accordingly. Once P gain is good, add a touch of I gain – this 
will ensure return to 0 as well as stability. D gain is optional, 
but adds fi rmness and crisp response. Tapping a D-gain stable 
quad is like knocking on a table – it doesn’t move.

Vertical speed PID can be guesstimated. 1590us is taking 
off; desired take-off speed is 0.5m/s so a P gain of 100 is 
okay.  No I or D gain needed.

With that a real take-off, hover and landing are safe, which 
is good as these are the only way to tune the directional PIDs. 
Just be cautious here – excessive gains lead to quadcopters 
slamming into walls or performing somersaults in mid-air 
before powering themselves into the ground.  Best executed 
outside in a large open fi eld/garden/park where the ground is 
soft after overnight rain!

There isn’t a shortcut to this, so just accept there will 
be crashes and damage and enjoy the carnage as best 
you can! Assuming all the above has gone to plan, then you 
have a quadcopter that takes off, hovers and lands even in 
breezy conditions. 

Propellers
The propellers are set diagonally to the x, 
y axes, and rotate as shown to reduce yaw 
(rotation about the z-axis)

Orientation
The overall orientation of the quadcopter 
depicting front, back, left and right in relation 
to the sensor and propeller layouts

Sensors
The quadcopters’ sensors 
report data according to 
these x, y and z axes
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PROGRAM A DRONE’S FLIGHT PATH

When you really get down to the core process of 
controlling a drone, it can get a little boring. A 
button you press relates to a specifi c bit of code, 

which then sends a specifi c signal to the drone. This can 
translate to ‘make rotor two go faster’ on a quadcopter to 
rotate or bank the craft slightly.

While that might take away from the fun of actually fl ying 
the drone, it does open up many possibilities. How can you 
tap into that code and fl y it yourself more manually? What 

are the limits of what you can do when not restricted to the 
controls given to you?

Luckily, some very clever people have thought about this 
and created modules for the programming language Python; 
modules that you can then use to control an AR.Drone.

We’ll show you how to use this code to program the drone 
with your own preconceived fl ight plan. It will involve a bit of 
trial and error, but once you have it sorted, it will be a great 
party piece or a slightly creepy house patrol bot.

LEARN HOW TO PROGRAM A FIXED FLIGHT PATH 
FOR YOUR DRONE WHICH YOU CAN THEN MODIFY

PROGRAM A DRONE’S 
FLIGHT PATH
LEARN HOW TO PROGRAM A FIXED FLIGHT PATH LEARN HOW TO PROGRAM A FIXED FLIGHT PATH LEARN HOW TO PROGRAM A FIXED FLIGHT PATH 
FOR YOUR DRONE WHICH YOU CAN THEN MODIFY

are the limits of what you can do when not restricted to the are the limits of what you can do when not restricted to the are the limits of what you can do when not restricted to the are the limits of what you can do when not restricted to the 
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For this tutorial, we’re going to be using the python-ardrone 
module created specifi cally to program drones using Python. 
It’s available for free from popular code-sharing website 
GitHub, and you can download it from this link:
github.com/venthur/python-ardrone.

Click the Download ZIP button to do just that, and 
download it to a new folder which we’ll use to organise the 
fi les in this project. Unzip it directly into this folder so that all 
the fi les are visible and not in another folder within this folder.

If you don’t have it installed already, you will now need 
to install Python 2 so you can actually run and test the 
code. Head to the download page on the Python website 
(www.python.org/downloads/) and follow the instructions 
on how to install it on your current system. We’ll be making 
use of IDLE, the Python development environment that lets 
you test and run code. You’ll also need to install Pygame 
(www.pygame.org) for some of the tests we’re going to run; 
however, we’re not going to make proper use of it in this 
specifi c programming tutorial.

Open up IDLE when everything is installed and you’ll get 
the ‘Python Shell’: this allows you to run lines of Python code, 
and test Python programs that you’ve written. Go to File>New 
to open a new script, and save it in the project folder created 
earlier as ‘route.py’.

Before we start coding and testing, it’s worth actually 
making sure your quadcopter will fl y using this code. You’ll 
fi rst want to connect to it via Wi-Fi on your PC, so hit the Wi-Fi 
Sync button on your AR.Drone and connect to it with your 
computer’s Wi-Fi manager. You would normally do this to 
upgrade fi rmware and software; however, the connection still 
works the same as it does on a phone, and signals to control it 
can be sent back and forth.

Once connected, go back to IDLE and click on File>Open 
and navigate to our project folder. From there, select demo.py 
and it will open up some code that makes use of the library 
by allowing you to control your drone using your keyboard, 
while also displaying a feed from the camera. Press F5 to 
run the code, and then you can use the following commands 
to control it:

RETURN        – takeoff
SPACE         – land
BACKSPACE    – reset (from emergency)
A/D           – left/right
W/S           – forward/back
1-0      – speed
UP/DOWN      – altitude
LEFT/RIGHT   – turn left/right
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Once you have satisfactorily circled the living room, land 
it and exit the code by hitting the Esc key. You can close the 
demo code for now, although it may be useful to refer back to 
in the future for modifying the path we create.

That piece of code worked in a similar way to how we are 
going to program a route for it to follow. How the demo code 
worked, though, was to create a loop where the program 
keeps checking the status of specifi c keys on the keyboard. 
If during a check, one of these keys is depressed, it will run 
an action. For example, if the W key is pressed, it will move 
forward. If you continue to press the W key, it’ll keep running 
the bit of code that tells it to move forward. For our code, we 
will have it call the commands a set number of times.

Let’s build a basic script that will show how to use the 
module. In the blank route.py document, enter the following:

import libardrone
drone = libardrone.ARDrone()
drone.takeoff()
drone.hover()
drone.land()
drone.halt()

Run this code using F5. As you might expect from browsing 
the code, the quadcopter will take off, hover for a moment, 

and then land again. Let’s break down exactly what each step 
is doing, though…

We fi rst use the ‘import libardrone’ line to tell Python we 
want to use libardrone.py. Normally, an imported module 
would have to be installed into Python, but if it’s not, Python 
will look in the directory where route.py lives; this is why we 
put it there in the fi rst place.

All the control code from drone is kept under the ‘class’ 
ARDrone in the libardrone fi le. To make it easier to type out, 
we’ve created the shortcut ‘drone’ to point towards this class 
whenever we want to use a function from within it.

The takeoff, hover and land commands are exactly as you’d 
think – they execute the takeoff function, the hover function 
and then the land function. It will do this quite quickly, which 
we’ll talk about in a bit. The halt command tells the drone that 
we’ve stopped commanding it for the moment.

For our little route, we’re going to make something very 
simple: the drone will take off, rise in height a little, then fl y 
a complete square around an area. We’ll have it rotate left 
and right on the top-left corner, and do a full 360 on the top 
right. Refer to the diagram above for a better visualisation of 
what we mean.

Once you’ve understood what we plan to do, it’s time to 
plan out our code. How can we make it do a circle or even a 
full 360 when it will only perform the turn commands for a 
moment? For this we will use the bit of code:

for i in range(x)

…where x is the number of times you want it to repeat a 
function. If you refer to our full code listing, you can see how 
we’ve used it. For example, for the fi rst move left we’ve done:

and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step 
is doing, though…

We fi rst use the ‘import libardrone’ line to tell Python we We fi rst use the ‘import libardrone’ line to tell Python we We fi rst use the ‘import libardrone’ line to tell Python we 

and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step and then land again. Let’s break down exactly what each step “The drone will take off, rise in 
height a little, then fly a complete 
square around an area“

Coding ideas...
We’ve written our code so that we give the drone a fixed 
movement depending on a number of cycles we put it 

through. However, the drone does return navigation data based on 
its position. With enough experimenting and testing of locations, 
you can set up a ‘while’ loop where the drone will move to a certain 
position – give this a try as your next project.

PROGRAM A DRONE’S FLIGHT PATH
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import libardrone

def main():
 drone = libardrone.ARDrone()
 
 # set initial speed
 drone.speed = 0.5
 
 # take off
 drone.takeoff()
 
 #go higher
 drone.move_up()
 
 # go left a way
 for i in range(5):
  drone.move_left()
 
 # go forward
 for i in range(5):
  drone.move_forward()
 
 # turn the drone to move the camera
 for i in range (3):
  drone.turn_right()
 
 # turn it back to move
 for i in range (3):
  drone.turn_left()
 
 # go right to complete a square
 for i in range (10):
  drone.move_right()
 
 # full 360
 for i in range (10):
  drone.turn.left()
 
 # return to start
 for i in range (5):
  drone.move_left()
  drone.move_backward()
 
 # land the drone
 drone.land()
 
 print “I have landed. I hope you enjoyed 
the flight. I will now shutdown”
 
 drone.halt()
 
if __name__ == ‘__main__’:
 main()

Full Code Listing

Other languages...
There are alternative solutions for programming 
your drone in other languages. So if you’re 

proficient in another language, it’s worth Googling 
around to see if anyone has come up with a library to 
use in your preferred language.

 drone 

 drone.speed 

 drone.takeoff()

 #go higher
 drone.move_up()

import libardrone

main
 drone 

Full Code Listing
import

def main
 drone 

 drone.speed 

Full Code Listing

for i in range(5):
 drone.move_left()

This will execute move_left() fi ve times. Once that’s complete, 
it will go onto the next command, doing each numerous 
iterations until the code ends.

The rest of the new code bits are simple: def main() is the 
function of the script, and when this code is run on its own, 
it will execute the function ‘main’ using the fi nal part of code 
‘if __name__ == ‘__main__’’. This means you can use it as 
a module in other code if you want to create an interactive 
experience with your drone in the future.

When creating this code, make sure to write and test each 
step as often as you can – this way you can get the numbers 
correct. We’ve used fi ve iterations in most of the code, but 
it won’t move very far at all under that (the full code can be 
found here: pastebin.com/qfWChQVE).

For expanding the code in the future, here are all the control 
commands you can use:

takeoff() – Launch the drone
land() – Land the drone
hover() –  Keep the drone hovering (you can use a while loop to 

keep this active if you need to)
move_left() – Move the drone to its left
move_right() – Move the drone to its right
move_up() – Ascend the drone
move_down() – Descend the drone
move_forward() – Move the drone forwards
move_backward() – Move the drone backwards
turn_left() – Make the drone rotate left/anticlockwise
turn_right() – Make the drone rotate right/clockwise
reset() – Emergency stop
trim() – Level off the drone
set_speed() – Set the speed percentage, with 1 being 100%
halt() –  Stop communications, end all relevant processing 

threads
move() –  Advanced movement, refer to the libardrone code on 

how to use
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CONTROL YOUR DRONE WITH A JOYPAD
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Controlling drones is usually reserved for the apparatus 
they’re designed for – the AR.Drone requires your 
iPhone; others will have their own dedicated remote 

controller etc. As we discussed in the tutorial to create a 
custom fl ight path for your drone, these are all controlled by 
electronic signals.

These signals can be used along with some specifi c 
Python modules and purpose-built code to create a custom 
program that allows manual control of an AR.Drone via a more 
traditional control pad – the kind you get with a PlayStation or 
the cheap USB one may have purchased from Amazon.

Not only can we create a custom control interface, but we 
can also patch in the video feed from the camera to aid with 
fl ying, making it much more advanced than how the route 
was plotted. We’ll be doing this entirely in Python, and it will 
require a little trial and error to get everything working for your 
exact setup; however, it’s worth it as it will open up a new way 
to control your drone. 

To prepare for coding this project, we’re going to need to 
set up a system to be able to handle what we have planned. If 
you’ve already done the route programming tutorial, you won’t 
need to do much more setup-wise; follow along in the setup 
just to make sure everything you needed was installed. The 
fi rst thing we need to install is Python itself to your system; 

CONNECT A DRONE UP TO YOUR PC AND CONTROL 
IT WITH A CUSTOM PIECE OF CODE AND A JOYPAD

CONTROL YOUR DRONE 
WITH A JOYPAD

fi nd installation instructions for your operating system on 
the Python website (www.python.org/downloads/). We’re 
specifi cally using Python 2 in this tutorial, so make sure that 
if Python 3 is already on your system, you write and test your 
code in the correct version of IDLE.

The two main modules we’ll be using are python-ardrone 
and Pygame. The python-ardrone code allows us to control the 
drone with simple Python code, whereas we can use Pygame 
to recognise joystick inputs and display the camera feed. 
Marrying them together is quite simple once you know how. 
First of all, make sure to install Pygame, instructions for which 
can be found on the module’s website (www.pygame.org). Once 
that’s done, head over to the python-ardrone site here:
github.com/venthur/python-ardrone.

Use the Download ZIP button on the right and download it 
to a new project folder, unzipping the fi les to that folder. You 
can also optionally install Psyco (psyco.sourceforge.net), 

which will aid in transcoding the video stream from the drone; 
however, it’s not necessary.

Once it’s all set up, launch IDLE (the Python development 
environment we’ll be using to program the drone) and go 
to File>Open. Navigate to the project folder and open the 
demo.py fi le. We’ll be using this to test to make sure 
everything works, but fi rst we need to connect the AR.Drone 
to your computer.

You connect as you would your phone, or if you were 
connecting your computer to perform a fi rmware update, 

traditional control pad – the kind you get with a PlayStation or 
the cheap USB one may have purchased from Amazon.

can also patch in the video feed from the camera to aid with 
fl ying, making it much more advanced than how the route 
was plotted. We’ll be doing this entirely in Python, and it will 
require a little trial and error to get everything working for your 
exact setup; however, it’s worth it as it will open up a new way 
to control your drone. 

To prepare for coding this project, we’re going to need to 
set up a system to be able to handle what we have planned. If 
you’ve already done the route programming tutorial, you won’t 
need to do much more setup-wise; follow along in the setup 
just to make sure everything you needed was installed. The 
fi rst thing we need to install is Python itself to your system; 
fi nd installation instructions for your operating system on 
the Python website (
specifi cally using Python 2 in this tutorial, so make sure that 
if Python 3 is already on your system, you write and test your 
code in the correct version of IDLE.

The two main modules we’ll be using are python-ardrone 
and Pygame. The python-ardrone code allows us to control the 
drone with simple Python code, whereas we can use Pygame 
to recognise joystick inputs and display the camera feed. 
Marrying them together is quite simple once you know how. 
First of all, make sure to install Pygame, instructions for which 
can be found on the module’s website (
that’s done, head over to the python-ardrone site here:
github.com/venthur/python-ardrone

Use the Download ZIP button on the right and download it 
to a new project folder, unzipping the fi les to that folder. You 
can also optionally install Psyco (

CONNECT A DRONE UP TO YOUR PC AND CONTROL 

“We can use Pygame to 
recognise joystick inputs and 
display the camera feed“

which will aid in transcoding the video stream from the drone; 

● The Pygame library of 
Python modules is used to 
work with a joypad/stick
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by connecting directly to the Wi-Fi network created by the 
drone itself. Once that’s done, all you need to do is press F5 
to run the code we’ve opened – a window will pop up with 
the camera feed and you can control the drone using the 
keyboard. Pressing Return will let you take off, while WASD 
and the arrow keys help you control it. Press the space bar to 
land once you’re satisfi ed, and press Esc to end the test.

Before building our program, what we fi rst need to do is 
fi gure out what exactly we want to use layout-wise while 
controlling the drone. What button do you want for takeoff? 
Movement? Speed up? Ascension? Even if you know what 
buttons and such you want to use for specifi c functions, we 
don’t know off the top of our heads how these buttons are 
used by the computer.

To fi nd out what button is what, you need to use a script 
available on the Pygame site, found at the bottom of this 
webpage: www.pygame.org/docs/ref/joystick.html.

Copy it and paste it into a new Python script (File>New) 
and save it as test.py. Plug in the controller you want to use 
and run the software. It will pop up a window and give you 
information on all the various axes and buttons available on 
your controller. The axis values are for the movement controls 
– in our code there’s a lot for the PS3 controller as there’s 
motion sensing, analogue triggers, sticks and each button has 
some analogue sensitivity in it.

A value on one means you are depressing that button – note 
down which number corresponds to the button you care about. 
Same with the axis controls: the number will change as you 
push the D-pad or stick around. Note down the number value 
for left, right, forward and back as the system sees it.

Here’s the full list of commands we’re going to include in our 
script. You can use as many or as few as you wish, but at least 
have takeoff, land, reset and the main directions:

import pygame
import libardrone

def main():
    pygame.init()
    W, H = 320, 240
    screen = pygame.display.set_mode((W, H))
    drone = libardrone.ARDrone()
    clock = pygame.time.Clock()
    pygame.joystick.init()
    joystick = pygame.joystick.Joystick(0)
    joystick.init()
    drone_speed = 0.3
    running = True
    while running:
        for event in pygame.event.get():
            if event.type == pygame.QUIT:
                running = False 
            elif event.type == pygame.JOYBUTTONUP:
                drone.hover()
            elif event.type == pygame.JOYBUTTONDOWN:
                if joystick.get_button(0) == 1:
                    drone.reset()
                    running = False
                # takeoff / land
                elif joystick.get_button(1) == 1:
                    drone.takeoff()
                    drone.speed = drone_speed
                elif joystick.get_button(2) == 1:
                    drone.land()
                    drone_speed = 0.3
                # emergency
                elif joystick.get_button(3) == 1:
                    drone.reset()
               # up / down
                elif joystick.get_button(4) == 1:
                    drone.move_up()
                elif joystick.get_button(5) == 1:
                    drone.move_down()
                # turn left / turn right
                elif joystick.get_button(6) == 1:
                    drone.turn_left()
                elif joystick.get_button(7) == 1:
                    drone.turn_right()
                # speed
                elif joystick.get_button(8) == 1:
                    if drone_speed < 1:
                        drone_speed += 0.1
                    drone.speed = drone_speed
                elif joystick.get_button(9) == 1:
                    if drone_speed > 0.1:
                        drone_speed -= 0.1
                    drone.speed = drone_speed

Full Code Listing

Analogue controls
A lot of modern joypads have analogue sticks for 
greater precision control. While we’ve suggest how 

you can bear that in mind for a fixed forward and back 
motion, there is the possibility of changing the code to 
give the drone variable speed controls. The axis value can 
be a range, so testing it out as we’ve shown can help you 
figure out the best way to create variable speed for each 
direction from a lithium polymer (LiPo) battery rated at 
12V, 3300mA with peak surge current of 100A – herein 
lies the power!

CONTROL YOUR DRONE WITH A JOYPAD



Takeoff
Land
Move left
Move right
Move up
Move down
Move forward
Move backward
Rotate left (counter-clockwise)
Rotate right (clockwise)
Reset (emergency stop, basically)
Increase speed
Decrease speed

Exit the window to stop the program, and add our full code 
listing into another new Python fi le, this time called control.py.

First, we call the modules we’re using. Pygame is installed to 
the system, so we can import it and it’ll know where to look for 
it automatically. We’ve put libardrone into the same folder as 
control.py, so even though it’s not installed, we can make use 
of it. We then start our main function ‘def main()’. Here we tell 
it to create an instance of Pygame, set a small window size (to 
save on processing and power) and create the window to that 
size. We then set everything else up: initialise the drone code, 
get the time for our display, start the joystick code, recognise 
which joystick to use and set an initial speed of 30 per cent.

We then begin a massive ‘while’ loop that continually checks 
the inputs on the controller to see what’s been pressed and, in 
our case, what axes have been moved. We fi rst of all set it so 
that when there are no other buttons pressed, the drone will 
automatically hover in place – however, it will still maintain 
its height even when you rotate it or increase speed while not 
moving. Each ‘if’ statement checks the state of the button: 
0 is off and 1 is on. Therefore, if the value it sends back is 1, it 
activates the specifi c function of the drone module. If button 5 
is depressed, for example, it runs drone.move_down() to 
make the drone descend. Make sure to update all the button 
numbers with the ones you made a note of earlier.

You may notice that the speed code is handled slightly 
differently to the rest. It increases the value as long as it’s below 
the maximum, and decreases it when it’s above the minimum. 
This allows for a bit more control of the speed.

When a change in the axis is detected by the code, it will 
check to see if it’s the movement axis we found out earlier. 
This is currently set up for digital control, but if you’re having 
trouble getting a 1 value out of an analogue stick, switch out 
the ‘== 1’ argument to ‘> 0.3’ or something. Play around to see 
what best suits your control style.

Finally, it grabs a lot of data and the camera picture from the 
drone and displays a frame each cycle of the while code. This 
may be slower to update than full video, but it will create a 
stream of decent enough frame rate to use while fl ying.

We end the program by allowing the code to disconnect and 
turn the drone off, and put a statement to start the code on the 
‘main’ function we built (full code at pastebin.com/4uSK2wxG). 
With further modifi cations, you can have it do a bit more, and 
work a lot better than the iPhone controls in general.

            elif event.type == pygame.JOYAXISMOTION:
                
                # forward / backward
                if joystick.get_axis(0) == 1:
                    drone.move_forward()
                elif joystick.get_axis(0) == -1:
                    drone.move_backward()
                # left / right
                elif joystick.get_axis(1) == 1:
                    drone.move_left()
                elif joystick.get_axis(1) == -1:
                    drone.move_right()

        try:
            surface = pygame.image.fromstring
  (drone.image, (W, H), ‘RGB’)
            # battery status
            hud_color = (255, 0, 0) if drone.navdata.
get(‘drone_state’, dict()).get(‘emergency_mask’, 1) else 
(10, 10, 255)
            bat = drone.navdata.get(0, dict()).
get(‘battery’, 0)
            f = pygame.font.Font(None, 20)
            hud = f.render(‘Battery: %i%%’ % bat, True, 
hud_color)
            screen.blit(surface, (0, 0))
            screen.blit(hud, (10, 10))
        except:
            pass

        pygame.display.flip()
        clock.tick(50)
        pygame.display.set_caption(“FPS: %.2f” % clock.
get_fps())

    print “I hope you enjoyed the flight. I will now 
shutdown”
    drone.halt()

if __name__ == ‘__main__’:
    main()

Full Code Listing (continued)Full Code Listing (continued)
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Connecting 
a controller

Depending on what system you’re 
running and what controller you’re using, 

you may have to install extra software 
for specific joypads. Xbox pads work just 

fine on Windows, but need to be installed 
elsewhere, whereas PlayStation pads can 
require extra software on Windows but 

are fine on Linux. Most standard USB 
pads will be fine, though – make 

sure to Google your controller 
if you’re not sure.
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THE FUTURE OF DRONES
Find out how the latest advances in technology could 

pave the way for a new wave of futuristic UAVs
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THE FUTURE OF DRONES
Find out how the latest advances in technology could 

pave the way for a new wave of futuristic UAVs

Essential tips for fl ying your drone, how to stay safe, and what 
you’ll need to know before you get started 
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