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HOW TO USE THIS EBOOK


Select one of the chapters from the main contents list and you will be taken straight to that chapter.


Look out for linked text (which is in blue) throughout the ebook that you can select to help you navigate between related sections.


You can double tap images and tables to increase their size. To return to the original view, just tap the cross in the top left-hand corner of the screen.





INTRODUCTION


Call them what you will (and long after the ship has sailed that is still a matter of debate for many), drones have caught the public imagination. We’ve all heard how these buzzing wonders will shoot through the skies delivering pizzas and packages, enabling amazing feats of photographic wonder, and many more applications besides.


We’ve also seen the word applied to unmanned military craft dealing death with debatable discrimination, but that is a matter for other pages and, no doubt, many years of hearings. On the other hand, believe it or not, a military drone program was instrumental in launching Marilyn Monroe’s career!


But what can we actually do with drones? How do you choose the right one? How will it work? How do you maintain it? What are the rules? This book is set to answer all these questions and more, or at least show you exactly where to look to find the right answer for yourself.
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MARILYN MONROE
Norma Jean Dougherty (aka Marilyn Monroe) working at the Radioplane Munitions Factory in Van Nuys, CA, building target-practice drones in 1944. Photographed by David Conover for the military and seen by Ronald Reagan, Conover’s C.O, this photo helped kick-start Monroe’s career.
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This book is not a manifesto for self-building or another well-rehearsed media event for one of the major players providing off-the-shelf ‘copters. Personally, I think both have their merits (and I know people who can only imagine one or other).


If you are interested in building, though, Chapter 5 includes step-by-step instructions for constructing two different drones, a fast FPV racer, and something a little more homemade. We’ll show you exactly where you can get all the parts you need to get in the air as cheaply as possible, and in the spirit of community, we strongly urge you to share your results with us.


And on that note, let me be the first to welcome you to what is an amazing, limitless community.


Have fun, fly safely, and respect others!
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DJI PHANTOM
This Phantom 4 Pro (above) continues the incredibly popular series from DJI. The shell design is still the first thing that comes to mind when people think of drones.
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HISTORY OF DRONES


Multicopters, or drones, were something of a minority interest until a little-known car entertainment company, Parrot, grabbed the world’s attention with the AR.Drone at the 2010 International Consumer Electronics Show (CES) in Las Vegas.
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PARROT AR.DRONE
Shown with the now-iconic indoor safety hull fitted.





PARROT’S 22-INCH (57CM) multicopter was a true consumer product that was ready to fly, right out of the box. It was constructed from replaceable nylon and carbon-fiber parts, with interchangeable hulls made of lightweight polystyrene. It also housed a small, front-mounted camera.


However, it was arguably the fact that the ‘copter was controlled from an iPhone, using Wi-Fi, that meant it captivated a whole new crowd. Journalists at CES were only just getting used to a world with the iPhone App store (which was itself only 18 months old at that point), and this remote-controlled device appealed across the board. With its app control it attracted the attention of Apple and mobile telephone journalists, while its game-like control interface meant that reporters from the video games industry saw it as their domain—something Parrot encouraged by offering games with virtual objects the pilot could see only on their phone’s screen. Meanwhile, photography writers were drawn to the “flying camera” angle (even though the camera’s resolution was relatively low), and futurologists focused on the “augmented reality” of the virtual objects game.


In short, the AR.Drone got a lot of press. It probably didn’t hurt that the signature indoor hull, with black polystyrene guards around each prop, not only looked great flying around an exhibition center, but was also slightly reminiscent of the Samson gunships seen in the previous summer’s smash hit movie, Avatar.


With somewhat less fanfare, developers who were already working on an open-source autopilot system for fixed-wing model aircraft began work on ArduCopter in the summer of 2010. This was released the following summer and enabled enthusiasts to construct their own quadcopter, similar to the way in which they could already build other model aircraft.


The “Ardu” part of the name derived from Arduino, the name of the company that appeared in 2005. The company’s aim was to supply small computer systems designed to help hobbyists, students, and professionals build inexpensive devices that could interact with their environment. As Arduino boards are open source, they lend themselves perfectly to being programmed for new applications—coding itself is beyond the scope of this book, but we’ll look at the starting points later on.


Chris Anderson, then editor of Wired magazine, built on Arduino in 2007 to create the ArduPilot (and now ArduCopter). He created a community site, DIYDrones.com, to support the project. DIYDrones.com has since added a commercial arm—3DRobotics— which sells ready-build ‘copters and fixed-wing aircraft, as well as its own flight controllers.


3DRobotics did not have the market to itself, though. By 2013, Chinese company DJI had built up an impressive array of components for enthusiasts and professionals, including one of the most respected flight controllers (the brain of the drone) on the market. When DJI started pulling components together to launch its Phantom quadcopter, taking advantage of its complete vertical control of manufacturing as well as marketing, it quickly grabbed the lion’s share of the ‘copter market as well.


To grow, DJI needed to constantly expand the market as a whole, and that’s just what they aimed to do. First, they targeted creatives looking for an aerial photography and video solution, so DJI set about making the Phantom easier to use, with improved picture-taking capabilities. Later, DJI and other firms sought to widen that market further. In addition to the product itself, DJI’s marketing blitz was bigger than anything that came before it, so the Phantom’s “halo effect” (and people’s suspicion of it) is still being felt across the industry.
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NINTENDO WII
The 2006 success of the Nintendo Wii with its motion-sensing controller inspired many enthusiasts to create projects that could use those sensors. One such project was MultiWii, which operates on an Arduino board and the board extracted from a Wii controller (which is a cheap source of motion-sensing components).
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ARDUINO PRO
Costing the same as about three franchise coffee bar grandes, the Arduino Pro is able to communicate with a variety of digital and analog sensors. Properly programmed, it can receive signals from sensors and send them to motor controllers, making it perfect for taking charge of a multicopter.
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DJI PHANTOM ADVANCED









MILITARY DRONES


When many people hear the word “drone,” the first thing that springs to mind is the devastating use (and misuse) of powerful military aircraft. The best known of these is the General Atomics MQ-1 Predator, which entered service in 1995, but this was not the first time the military took an interest in unmanned aircraft.


THE EARLIEST RECORDED account of unmanned military craft being used in war dates all the way back to August 1849, when Austrian forces were laying siege to Venice. The Austrians loaded balloons with bombs, and when the wind carried them over Venice, they released them using an electromagnet on the end of a very long copper wire.


This is a far cry from today’s use of unmanned aircraft, which can be traced back more directly to WWI. In 1917, Archibald Low, an English engineer and head of the Royal Flying Corps Experimental Works, built a radio-controlled plane known as the “Ruston Proctor AT” (Aerial Target). The intention was to place explosives on the plane and fly it into a target, making this the first cruise missile.


At the end of WWI, Reginald Denny—another Englishman who had served in the Royal Flying Corps—became interested in radio-controlled model planes. This led to him setting up a model plane shop in 1934 and developing his own line of “Dennyplanes.” The company subsequently won a contract with the US Army, which saw them manufacture and supply almost 15,000 Radioplane target drones (as the remote-controlled planes were known), which were used for training anti-aircraft gunners.


Unmanned aircraft also featured during the Vietnam War, when the 4080th Strategic Recon wing of the USAF launched drones from adapted C-130 transport planes. The drones would fly over the designated target area taking photographs, and then parachute to the ground once they were in safe territory, ready to be picked up by helicopter.


However, it was Israel’s 1982 invasion of Syria that demonstrated more offensive uses for unmanned aerial vehicles (UAVs). As well as flying reconnaissance missions, Israel used drones as electronic decoys and jamming tools, helping them to secure a firm victory over the Syrian Air Force.


After that, it was inevitable that other military forces would take unmanned aircraft more seriously, leading to the arrival of heavy craft, such as the American Air National Guard’s fleet of more than 40 Predator drones, the 100+ Reapers and Global Hawks in the hands of the USAF, and the UK’s stealth-drone Taranis. All of these UAVs are capable of semiautonomous flight, with a payload of missiles that can be fired via remote control.
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PREDATOR
Including the updated “gray eagle” model, this drone has been in service since 1995 with the USAF. Although it was initially a reconnaissance aircraft, from 2004 the MQ-1A “Predator” has carried Hellfire missiles. It’s an effective weapon, but not without its problems; many have been lost and, including its successor—the MQ-9 “Reaper”—four have been shot down.





The rapid development of this type of aircraft has put a great deal of strength into the hands of a select few governments. However, while command and control is typically straightforward (via encrypted remote control), the legitimacy of targeting seems to be open to some serious doubts.


The first fatal US missile attack was in 2002 and resulted in the death of a civilian scrap-metal merchant who was selected as a target by the CIA at least in part because he was “about the same height as Bin Laden.”


You can form your own judgment on the morality of this (and more than 2,000 other deaths caused by the US drone program), but it’s worth noting that the Pentagon’s spokesperson, Victoria Clarke, said of the attack: “We’re convinced that it was an appropriate target.” She then went on to add: “We do not know yet exactly who it was.” With this level of exactitude, it is perhaps hardly surprising that the word “drone” is not always one that people feel positive about.
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NASA ALTAIR
A NASA-adapted variant of the Reaper, used by NASA’s Earth Science Enterprise. With the cover removed, its satellite antenna is revealed.
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PREDATOR PILOTS
Captain Richard Koll and Airman 1st Class Mike Eulo piloting a MQ-1 Predator Drone over Iraq. Once the drone has taken off and its flight checks have been performed by this team, control is handed over to a base in the US.
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BAE TARANIS
Developed to British government specifications, the Taranis, which first flew in 2013, is fast and stealthy, with shielded weapons bays to reduce radar detection. It is intended to be able to “think for itself” and defend itself against manned and unmanned attacks.







WHO’S FLYING MILITARY DRONES


At the time of writing, countries known to fly military drones include:









	United States


	Russia







	United Kingdom


	India







	Israel


	Iran







	France


	Turkey







	Germany


	United Arab Emirates







	Italy


	Morocco







	China


	Spain















THE EMERGENCE OF MULTICOPTERS


Just as the idea of UAVs has a longer lineage than you may have imagined, so multicopters have a significant heritage, with some of the earliest successful vertical takeoff and landing aircraft (other than balloons and zeppelins) including manned quadrotors.


AS EARLY AS 1907—more than 30 years before the first helicopter—French brothers Louis and Jacques Breguet flew what was essentially a giant quadcopter. Their Gyroplane No. 1 was piloted by Monsieur Volumard, although “piloted” is perhaps a generous term: although it was fully able to support its own weight, the craft had to be controlled with ropes from the ground.


The design had four blades on each rotor, with each blade measuring eight meters in length. The rotors were then doubled up in the manner of a biplane, to give a total of 32 blades. Gyroplane No. 1 was created in collaboration with Professor Charles Richet, a true interdisciplinarian who would go on to be awarded the Nobel Prize for Physiology for his work on anaphylaxis, and who also wrote much on parapsychology—including Our Sixth Sense—and coined the term “ectoplasm.” Certainly, a sixth sense would have been required to fly the Breguet-Richet gyroplane untethered.


By 1921, another Frenchman, Étienne Oehmichen, added a fifth control propeller to a similar concept, and by 1923 was able to fly 575 yards (525m) in a surprisingly stable fashion.


Oehmichen’s great rival at the time was the Argentine inventor, Raúl Pateras Pescara, who bested him soon after with a design that looked more like a traditional helicopter, with variable pitch rotors above the pilot.


In the same year, George de Bothezat, a Russian émigré who fled to America in 1918, built a quadrotor for the US Army Air Service at Wright Field. Although successfully flown over 100 times, the project was ultimately canceled, as the so-called “flying octopus” was directed more by the wind than any effort on the pilot’s part.


Back in France, Oehmichen had picked up a 90,000 Franc prize by flying his craft in a defined triangle, returning to the point of take off over seven minutes later. However, it was Pescara’s approach that was to dominate explorations into vertical takeoff and landing (VTOL).


While Pescara’s “helicopter” would form the rough blueprint for modern helicopter designs, notable VTOL exceptions appear in military experimental aircraft, including the British Cierva W.11 Air Horse from 1948, the Curtiss-Wright VZ-7 “Flying Jeep” (the US Army had two prototypes in service from 1958 to 1960), and the Piasecki VZ-8 Airgeep that it competed with.
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GEORGE DE BOTHEZAT
In 1923, de Bothezat’s multicopter managed to stay aloft for two minutes 45 seconds and land safely.
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CIERVA W.11 AIR HORSE
When it began testing in 1948, the Air Horse was the largest ever rotary-wing aircraft. All three of its rotors spun in the same direction; the somewhat low-tech solution to avoiding spinning was to angle the motors in the opposite direction.
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CURTISS-WRIGHT X-19
A single engine propelled all four rotors in the X-100 prototype. The engine was directly linked to the front two rotors, with the exhaust gases turning the rear blades when they were pointed upward. The X-19s added an engine, but after one of the two prototypes crashed in 1965, the program was canceled.
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X-22
The four ducts/nacelles around the X-22’s tiltable rotors gave it a more than unusual appearance; each rotor had its own gas turbine engine mounted on the rear wing. Even though it didn’t meet the military’s target speed of 326mph (525km/h), Cornell Aeronautical Laboratory kept it in flight until 1988.
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MV-22 OSPREY
First tested in 1989, the V-22 entered service with the US Marines in 2007 and with the Air Force in 2009. Like the X-19 and X-22 before it, the MC-22 has tilt rotors allowing VTOL and high-speed flight. It can even refuel in midair when flying with the rotors tilted forward.





However, one of the most significant developments came with the X-22 in 1966, which featured an on-board computer designed for “stability augmentation” (which was achieved by altering the blade pitch). Although the first X-22 crashed, the pilots were fine and vibration issues were resolved with the second iteration of the craft, which went on to clock up over one hundred hours in the air. This testing period meant designers were able to program the on-board computer with numerous algorithms, effectively providing them with a simulator for other aircraft, both real and theoretical.


At the time, this computer concept cost the military over $40 million, but this idea of taking the complex task of controlling individual motors out of the pilots hands is what makes modern multicopters possible. Indeed, the small size of radio-controlled quadcopters—and their consequent lower stability—means that an electronic flight controller is the only practical way of flying them.


The essential component to these flight control systems is a gyroscope, a technology that has been improving in parallel to the craft that depend upon it. Already small enough for aircraft systems by WWII, they were miniaturized still further for the guided missile era, until they measured around 1 inch (2.5cm) in diameter and weighed in at close to 3 oz (85g). Since the early 1990s, all-digital MEME gyroscopes can be added to a circuit board—this is exactly the same technology that tells your smartphone which way up it is being held. These lightweight gyros are what allowed the first RC helicopters to be controlled by the “average” pilot, using the tail rotor to control any spin automatically. And now, with these gyros in the toolkit, all that was needed was a multicopter to put them in.






RC LEGACY


Multicopters are radio-controlled (RC) aircraft. However, it’s not just their otherworldly hovering capabilities that make them different to the models that preceded them—the new ‘copters are a product of the digital era and can address the problems of flight in new ways.
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THE EARLY DAYS of RC flight were dominated by gunnery target drones used for military training purposes. However, in the late 1930s, a steady stream of hobby aircraft began to appear as enthusiastic amateur (or “ham”) radio operators began to look for other uses for their skills with vacuum-tube radio technology.


In 1937, the burgeoning industry went public with a US national competition, although of the six entrants only three flew, and only one —Chester Lanzo—flew for longer than ten seconds. A year later, Walt and Bill Good flew to first place with their balsa wood plane, “Guff,” which was so successful that the original has lived in the National Air and Space Museum in Washington, D.C., since 1960.


Those early RC pioneers needed to be expert craftsmen and electronics whizzes. Even then, their bulky, hand-made controls were often mounted on tripods because of their weight, and often offered nothing more than on/off control on a single axis (yaw, via the rudder).


The widespread arrival of the transistor in the 1960s reduced the size and weight of RC systems, and a commercial market started to emerge. As it grew, controllers that worked on multiple channels became more common, with each additional channel allowing a different device on the model to be controlled remotely; adding ailerons to control the plane’s roll, for example, as well as the rudder.


Governments have long reserved the use of specific radio bandwidths for different uses, and this makes it easier for RC controller manufacturers to work to standards. More usefully, it is also why your mobile phone works and why your car radio doesn’t pick up military communications.


The older bands used a system of matching crystals, so you would have, for example, a channel 12 (or other number) crystal for both your controller and your aircraft. The downside to this system was that if anyone in your area happened to be using the same channel, your signal would be jammed and you would crash.


This changed around the turn of the millennium, with the arrival of the 2.4GHz “spread spectrum,” which allowed automatic sharing of the same channel by multiple users.
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RC PLANE
Flying a traditional RC plane requires the same basic skills as piloting a light aircraft, although it has the advantage of you not being inside if something goes wrong! Nevertheless, unless you master landing early on, it can be a very expensive hobby.





At the same time, the control devices on aircraft have been improved and refined, with blunt, two-position reed switches usurped by servo motors that can be more precisely controlled for delicate turns and maneuvers. This has also been joined by a standard configuration of four channels to control the rudder, ailerons, elevator, and throttle.


However, despite these advances, the basics of flight remain the same: when pulled through the air by the propeller, the aircraft’s aerodynamic shape provides lift and the craft is steered using its control surfaces.


That system is the legacy that the RC world bequeathed multicopters, and hobby shops are filled with radio control systems designed with RC aircraft (as well as cars and boats) in mind.







AIRCRAFT CONTROL SURFACES


Traditional airplanes rely on carefully positioned control surfaces: ailerons at the wings’ tips (which swing in opposing directions to roll the plane) and a rudder to turn it (apply yaw). Lift comes from the shape of the wing, and the amount of lift is affected by the thrust from the motor. Elevators in the tail can be used to push the nose up or down (they swing in the same direction as each other). When you’re in a commercial airliner, you will see that the pilot extends flaps for takeoff and landing (where higher lift at a lower speed is required) and then retracts them at cruising speed for aerodynamic smoothness. These are less common in RC planes.
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HOW MULTICOPTERS FLY


The lift that keeps a traditional plane aloft comes from the air flowing over its carefully crafted shape, meaning forward momentum is essential. Multicopters are a lot more flexible—only the propeller blades need to be aerodynamically shaped, with control achieved through subtle changes to the speed of their rotation.


THE CURVED SHAPE of an airplane’s wing smashes into the air as it hits it. The upward curve means the shape is more disruptive of the air above the wing, pushing it away and effectively lowering the air pressure above the wing in comparison to that below, where the shape remains flat and air is unimpeded. Once the difference in pressure above and below the wing is enough, the higher pressure below has the effect of pushing the wing upward. Of course, this only works when the wing is moving forward fast enough for it to create the necessary lift, which is why long runways are needed for take off.


With helicopters, a similar curve is applied to blades rotating above the cockpit, which is why they are often called “rotary wing aircraft.” The angle of helicopter blades can be adjusted, and the tail rotor can be sped up or slowed to turn the cockpit, a little like the rudder on a plane. However, the tail rotor has another function; without it there would be nothing to stop the cockpit spinning out of control with the blades.
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