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INTRODUCTION.

Semi-autonomous and autonomous aerial vehicles or UAVs are part of a very long history that is directly
connected to the histories of piloted flight, ballistics, and information processing. Early progress in UAV research was
certainly toward military use, but more recently, the technologies were adapted to civilian and commercial activities, as
well as to humanitarian and research programs.

Beginning in antiquity, people experimented with a variety of aerial machines, including mechanical wings to
allow a person to glide through the air, flying automata driven by compressed air or springs, vertical lift machines such
as helicopters, lighter-than-air craft such as hot air balloons, and manned airplanes. They also engineered catapults of
varying types that could hurl projectiles through the air at enemies from a distance, demonstrating their understanding
of such physical principles as lift, torsion, mechanical advantage, drag and thrust.

Over time, aeronautics development diverged into piloted and unpiloted aircraft. Later work with radar, radio
control, telephony and computing allowed for the idea of remote-controlled and autonomous aircraft that could deliver
anything from bombs to information and packages, or to survey and report on activities from above the earth. The
technical innovations that came out of these pursuits led to modern UAV designs.

Together, the principles of flight and of catapult assault provided the basis for UAVs used in combat.

This inquiry unit covers this history and introduces the question of the value of UAV applications to society by
identifying both the socio-economic advantages and the controversies surrounding them.

The historical essay below is founded on two premises:

1. that Technology is neither an unbridled force nor inevitable, but that people are responsible for the
direction in which innovation is applied.

2. That technologies are a product of reciprocal inspiration and activity between different communities
(civilians, businesspeople, hobbyists, government and military agencies, inventors, engineers, for example.)
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Background
WHAT-DO-YOU-CALL-IT?

Students will be familiar with the term “drone” as it is used to refer to both the recreational remote control
craft and to the military and commercial aerial vehicles that are often in the news. While the term “drone” was first
used in 1936 to refer to unpiloted flying targets used for anti-aircraft practice, today government military agencies
prefer the term, unpiloted aerial systems(UAS), to acknowledge that those UAVs could not get off the ground or
complete their missions without the onboard sensors and computers or remote human pilots and unrecoverable
munitions that make up those systems. The U.S. Federal Aviation Agency (FAA) describes UAS as:

an unmanned aircraft and the equipment necessary for the safe and efficient operation of that aircraft. An

unmanned aircraft is a component of a UAS. It is defined by statute as an aircraft that is operated without the

possibility of direct human intervention from within or on the aircraft (Public Law 112-95, Section 331(8).” *

Manufacturers, distributors, and civilians tend to use the terms UAV and drone interchangeably. Both military
and civilian organizations sometimes use the term remotely piloted aircraft (RPA) to refer mainly to those UAVs used for
striking enemy targets. Students doing research assignments on drones should be warned that the same acronym, RPA,
is used to refer to another field, robotic process automation.

Drone was originally taken from the two traditional definitions of the word: a steady, unwavering sound or
musical note is described as a “drone,” and the term (in English) for male bees who do no work in the hive except to
impregnate (service) the queen bee. Together, they are used to characterize unpiloted aircraft that are programmed to
do the work for an entity outside the aircraft, such as a bomber command station. Furthermore, some unpiloted aircraft
make a steady unnerving sound.

Individual UAVs are nicknamed by their developers or manufacturers, who often choose terms that describe
what the aircraft are meant to do. For example, in 2013, a new micro-drone was developed by the Lincoln Laboratory
researchers at Massachusetts Institute of Technology (MIT) and renamed “Perdix” In Greco-Roman mythology, Perdix
was a nephew of the inventor Daedalus, who grew jealous of his prodigy’s skill, and threw him off the roof of a building.
The Greek goddess, Athena (the Roman goddess, Minerva) saved Perdix by turning him into a bird (a partridge) who
could fly away. Ryan Aeronautical (now part of Northrup Grumman) developed the RQ-4, a high-altitude, long
endurance UAV with wide ranging surveillance and artillery capabilities, which was dubbed the “Global Hawk” for its
ability to fly over large areas searching for its subjects just as a hawk covers large areas searching for its prey. The
General Atomics MQ-1 “Predator” drone, (replaced by the more heavily armed and efficient MQ-9 “Reaper” - a
reference to Death, the “Grim Reaper”) were also designed to search out, survey, and attack targets with stealth,
quickness, and precision as predatory animals do.

ANCIENT AERIAL TECHNOLOGIES

Contraptions that were supposed to allow a person to fly or glide through the air are described in ancient
myths. This does not mean that the stories are true, but that ancient people were fascinated with the ability of birds to
keep aloft for long distances, seemingly buoyed by invisible currents, and that they were imagining the idea of
replicating the flight of birds before 1000 BCE. Among the most famous of these is the story of the mythical inventor
Daedalus, who is also said to have built a complex labyrinth for King Minos of Crete. After a series of events that
angered the King, Daedalus and his son Icarus are shut up in the labyrinth. Though they escape, they are unable to leave
the island on the King’s ships, so Daedalus produces wax wings with which they fly away. Unfortunately, Icarus flies too
near the sun, and falls to his death as a result of the wax wings melting.

The earliest actual flying machines we have any record of were small bird-shaped automata. One of these is
credited to the fourth century BCE philosopher and mathematician, Archytas of Tarentum. Allegedly, Archytas built a
small wooden bird driven by compressed air that could hop or fly from one branch to another. There is some historic
evidence of earlier flying bird automata created in China for military purposes. It is possible that these early models are

! “Frequently Asked Questions: General,” Federal Aviation Administration, U.S. Government, https://www.faa.gov/uas/fags/#gen
(Accessed February 17, 2017).
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evidence of early people working out the designs for the catapult-type projectile engines produced hundreds of years
later, during the Middle Ages.

Stories handed down through Arabic texts claim that a ninth century polymath named Abbas ibn Firnas
experimented with flying by tying feathers to his arms and gliding off a cliff. Similarly, a tenth century monk named
Eilmer of Malmesbury in England also experimented with tying feathers to his hands and feet and gliding off a cliff in
order to emulate the flight of Daedalus. We do not have absolute proof that these experiments happened, though the
accounts of them are evidence that people were thinking about whether it was possible for people to fly.

Leonardo Da Vinci famously described his own designs for
flying craft during the Renaissance. These designs were

(‘,,_, ' illustrated in his notebooks, later collected together in the
Codex Atlanticus. Leonardo’s work includes studies of both . A \
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AERIAL BOMBING FROM THE GROUND - CATAPULTS

Catapults are perhaps the first evidence we have of machines designed to reign airborne weapons on their
enemies. We know the Romans used catapult physics to shoot projectiles at their enemies because information about
such military engines were discussed in early books. Philon of Byzantium (also called Philon Mechanicus), a mechanic
and writer of the third century BCE wrote a treatise, Belopoeica, describing siege machines. Marcus Vitruvius Pollio, an
architect and industrial designer of the first century BCE, described them in the tenth book (chapter) of his book, de
Architectura and Heron, a mechanic and maker of automata also described non-torsion artillery siege machines in his
Belopoeica during the first century. Vitruvius described a machine that could shoot arrows. Earlier, descriptions of
ballistae or euthytones (arrow-shooting catapults) palintones (stone throwing catapults), 2-armed ground-based
machines that could hurl stones in an aerial arc a good distance.’

A number of catapult designs were developed in both Europe and China during the Middle Ages to hurl a variety
of weighted objects through the air at enemy targets. Catapult-type siege machines - trebuchets, ballista, and
mangonels — operated on the ground with or without torsion or springs, were all used for this purpose. Depending on
the physical capabilities of the machine, the projectiles could be sent to break down walls of fortresses or to fly over
them to destroy the soldiers inside the walls. The projectiles themselves were like the bombs dropped from UAVs or
unrecoverable missiles. While these early machines certainly are part of the history of cannon artillery, they are also part
of our story of UAVs, because they show that ancient people already had a desire to develop airborne weapons, and
that they knew something of the principles of trajectories, force, and torsion.

BALLOONS: LIGHTER THAN AIR CRAFT DEVELOPMENT

The French Montgolfier brothers are credited with the development of hot air balloons, and for the first
untethered manned test flight, in 1782, though the Chinese are thought to have figured out the principle as early as the
: second century CE. At the end of August, 1783, the French physicist Jacques-Alexandre Cesar Charles
(1746-1823) launched an unmanned varnished silk hydrogen balloon from Paris. It was attacked and
destroyed by villagers when it landed in their village near Gonesse, about nine miles northeast of
where it took off. Charles had worked with the Robert brothers on the use of hydrogen to lift air
balloons. The physical principle behind the “hot air” balloon is that hot air has less mass per unit of
volume, and so is lighter than cool air. The difference in the density between the outside cool air and

2 “Archytas of Tarentum,” Stanford Encyclopedia of Philosophy, https://plato.stanford.edu/entries/archytas/ (Accessed 2-20-2017.)
*> Mark J. Schiefsky, “Techné and Method in Ancient Artillery Construction: The Belopoeica of Philo of Byzantium,” In Antike
Fachtexte/Ancient Technical Texts, ed. T. Fégen, 253-270. New York: Walter De Gruyter, 2005.
http://scholar.harvard.edu/files/schiefsky/files/philo_final proofs 2015-01-29.pdf (Accessed 2-20-2017).

Page 3 of 10



http://www.flyingmachines.org/davi.html
http://www.flyingmachines.org/davi.html
https://www.youtube.com/watch?v=0MHJvsXHLy0&feature=youtu.be
http://www.real-world-physics-problems.com/catapult-physics.html
https://www.britannica.com/biography/Montgolfier-brothers
http://www.real-world-physics-problems.com/hot-air-balloon-physics.html
https://plato.stanford.edu/entries/archytas/
http://scholar.harvard.edu/files/schiefsky/files/philo_final_proofs_2015-01-29.pdf

the hot air inside the balloon (envelope) creates lift. The principle of the hot air balloon is referred to Charles' Law in his
honor.

During the “Reign of Terror” period of the French Revolutionary Wars, a Corp d’Aerostiers was enabled by the
French Committee of Public Safety for the purposes of surveillance. The French defeated the Austrians, Dutch, and their
allies with the use of hot air balloons when they enlisted them for reconnaissance before the Battle of Fleurus in 1794.

It became apparent to governments that balloons carrying explosives could be directed over enemy =
territory and with the correct execution of a timing mechanism, could drop the incendiary devices on
strategic sites.

During the 1840s, Europeans began using balloons in warfare. For example, in 1849 during
their siege of Italy, the Austrian military dropped bombs from dozens of balloons launched from
Austrian warships anchored outside the Lido. In the United States during its Civil War, both the Union
and confederate military tried to use hot air balloon technology as surveillance devices. Although the

first balloon Thaddeus Lowe built for the Union army in the Civil War was destroyed, in 1861 he

A * | managed to get funding from the government again to purchase a dozen field gas generators,

h enough material for seven balloons, and access to an old steam ship that was reconditioned to

| make a flat barge from which the balloons would be set aloft, manned with officers for

# reconnaissance for the Union army. Though the balloons were manned, those made by Lowe and
% others supported the idea of air reconnaissance for which modern UAVs are often used. All
nineteenth century balloon designs were not meant to be flown with passengers. For example, in
the early 1860s, patents were granted to more than one inventor for balloons outfitted as
unmanned bomb delivery units or for reconnaissance.

AERIAL TORPEDOES IN MODERN WAR

UAVs were developed for use by numerous countries in every military conflict from the First World War to the
present conflicts. [PBS Timeline] Development was funded by governments wishing to have an advantage over their
enemies. There are basically three uses for UAV:

Training: targets or craft for pilots operating from ground stations or naval vessels
Reconnaissance: Intelligence-gathering over large areas from the air.
Combat: Unpiloted air vehicles meant to drop lethal materials on targets.

Early UAVs for combat missions were referred to as “aerial torpedoes,” since, like torpedoes designed to travel
underwater, they were unrecoverable lethal weapons meant to destroy targets on detonation (explosion). Later
versions have been referred to as “cruise missiles.” Technologies used in “aerial torpedoes” were:

Gyroscopic stabilizers
Radio remote control
Pneumatic vacuum systems

Traditional Gyroscopes are devices comprising a wheel called a rotor surrounding a vertical axis, and a horizontal
axis attached to one or more rings called gimbals. Once the rotor is set spinning quickly by some outside force, the
rotor resists any attempt to change its orientation around its axis. This means that the base or gimbal on which it is
set may change its pitch (up and down motion) its yaw (back and forth motion) or its roll. Together the gimbal(s)
and gyro (spinning rotor) produce gyroscopic stabilization. This concept has been used since 1762 with
chronometers in marine navigation to determine longitude from astronomical observation. By the early 1900s, both
gyroscopic stabilizers and gyrocompasses were in wide use in marine navigation, and in 1910, ElImer A. Sperry
established his Sperry Gyroscope Company to manufacture gyroscopic equipment. Gyroscopic stabilization is also
used in digital cameras as “steady shot” technology to allow for smoother, sharper images when the camera is
moving deliberately or because of unsteady handling of the operator. UAVs such as unpiloted helicopters, planes,
and drones are equipped with gyroscopic stabilization to maintain aerial orientation, and also to stabilize onboard
cameras.
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Radio Remote Control is, as it sounds, the control of a device from another location. In this case, the aerial vehicle
has receivers onboard that are connected to its various mechanisms for lift, steering, landing, and deploying
artillery. These instructions are sent via radio waves from an electronic transmitter in the remote location.

Pneumatic Vacuum Systems When systems are powered by gas or liquid rather than electricity they are referred to
as fluid (flowing) systems. Pneumatics and hydraulic systems use fluid power. While hydraulic systems use liquid,
pneumatic systems use gas or compressed air to operate valves that control direction, force or speed of the motors
or actuators. The Kettering Bug (see below) was the first unpiloted aircraft to use a pneumatic system, though it was
not ever used in World War | as intended. Later, UAVs were controlled by combinations of pneumatic and electric
systems.

Hot air balloons were still considered a viable method of using UAVs in the twentieth century. Beginning in
November, 1944, the Japanese launched a secret program to send balloons loaded with incendiary bombs across the
Pacific Ocean to attack portions of the west coast of the United States from the air. The
bomb portion of these thirty-three-foot-wide paper balloons, called “Fugo,” also weighed T
about thirty-three pounds and had a sixty-four-foot-long fuse attached to the bombs, ' i
which was meant to burn for eighty-two minutes before exploding. The device comprised
several parts including gun powder, triggering devices, and sensors including an altimeter.
The balloon bombs were “programmed” to release hydrogen if they flew higher than
38,000 feet, and to drop sandbags when the balloon descended below 30,000 feet.
Because the devices were programmed to drop the bags alternately from one side to the
other, the balance of the flight gear was retained. In the end, the plan did not work well for
the Japanese, as most of the balloons dropped into the Pacific Ocean rather than in the U.S., and not all of the balloons
detonated on impact. In fact, only one small group of civilians was killed, when they chanced upon one of the
undetonated balloons lying in a field tried to examine it. A U.S. Navy film of a reconstructed paper balloon bomb is here.

UNPILOTED AIRPLANES, ROCKETS AND MISSILES

The design of UAVs in use today grew out of the improvements in mechanical control, computing, and
satellite digital technologies. However, the term “drone” was coined in the 1930s, and
many of the concepts on which drones are based developed long before computers
were widely available. Most students have heard somewhere of the early manned
airplane flights of the Wright Brothers, but may not know that the first “drone” looked
very much like the Wright brothers’ gliders.

Purpose: Work on the first UAVS meant to bomb targets began in 1916, during
the First World War, to undermine the advantage the Germans had using their U-boats
and to relieve ground forces after years of fighting in the trenches.

These “aerial torpedoes” were designed along the lines of early airplanes. For example, the Liberty Eagle Aerial
Torpedo, later called the Kettering “Bug” after its designer, Charles Kettering, was launched from a dolly on tracks, just
as the Wright brothers’ first planes had been. This is unsurprising, since early aviators like the Wright brothers were
involved in the design of the first UAVs. For example, when in 1917, Kettering was hired by the U.S. Army to develop the
unmanned aircraft, he had Orville Wright consult on the design of the airframe. The biplane was driven by a 4-cylinder
DePalma engine with gyroscopic stability guidance, a barometer to read air pressure, and a mechanical computer that
could gauge distance by counting the number of engine revolutions. When the plane reached the pre-programmed
target area, it powered down and jettisoned its wings. What was left was a missile: the body of the plane containing
explosive materials that would explode when it reached its target.

Another of the first American aerial torpedo projects was the Hewitt-Sperry
Automatic Airplane, named after its designers, Elmer Sperry, inventor of the gyroscope, and
Peter Cooper Hewitt, who would be remembered for his work with vacuum tubes. Sperry
had earlier overseen successful tests of gyroscope control in aircraft. As members of the
Aeronautical Committee of the Naval Consulting Board, they advised the secretary of the
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Navy to fund UAV research in an effort to turn the advantage to the allies during WW I. The result was the Curtiss-Sperry
aerial torpedo.

Neither the Kettering Bug nor the Hewitt-Sperry “aerial torpedo” ever made it into WW | combat. Still, this
work supported the thinking that with improvement in communication, remotely
controlled aircraft could be useful for attacking enemies from the air, and keeping
military personnel out of harm’s way.

In the years after WW |, development of UAVs was carried out in Great
Britain. Under the Royal air force, the RAE Target drone was produced in 1921, and
1933, the “Queen Bee” drone (a modified DeHavilland “Tiger Moth” biplane) was
tested by the Royal Navy. Both drone models were used for gunnery practice, in an
attempt to improve anti-aircraft capabilities.

MODEL PLANE HOBBYISTS AND TECHNOLOGY TRANSFER

As with many technologies, there is reciprocal inspiration between the public and business or government.
This was the case with UAVs. Publicity about the UAVs developed during World War | created a lot of interest by
hobbyists in using remote controlled airplane models. One of the most interesting stories of how the interests of private
citizens intersected with the military is the story of the Radioplane UAV, the OQ-2 and subsequent versions:

The Radioplane Company

American development of UAVs for target practice continued after WW I. A British actor i ed
named Reginald Denny (1891-1967) who had served as an airman in Britain during WW | opened &
a hobby shop in Hollywood to sell model radio control (RC) airplanes to hobbyists. He had an
idea that RC planes could be used as target practice, and ran a contest to see who could design
the best engine for them. Walter Righter, a young engineer won, and eventually built all the
engines for the UAVs built by Denny’s company, Radioplane. The first prototype was
demonstrated in 1937, and though it crash-landed, it drew the interest of the Air Force, and
Righter Manufacturing Company designed and built the engine for the next slightly larger
prototype. After improving other aspects of the plane, The Radioplane company created the :
first massed-produced UAVs in the U.S. ARMvmrfsmaosluoaormuuswnumumn

Germany and the Unpiloted Bombing Missions Another place where amateur and government interests
crossed paths during ythe early 20" century was in Germany. A book by hermann Oberth on the possibility of developing
rockets for space exploration became very popular, and the basis for the first amateur rocket society in Germany. The
Verein fiir Raumschiffahrt (Society for Space Travel) was founded in 1927 included several young professionals who had
varied interests and skills, but who all wanted to be involved in rocket development. Johannes Winkler was a church
administrator; Willy Ley was a journalist (who would later become a famous science writer here in the U.S.) and a rocket
experimenter, Max Valier, along with Hermann Oberth, whose 1923 book, Die Rakete zu den Planetenrdumen (The
Rocket into Interplanetary Space) had inspired the others. Eventually, a young student, Werner von Braun, joined the
group, which conducted liquid fuel rocket experiments until the Nazis came to power and banned their activities.
Unfortunately, some of their members, including von Braun, were enlisted into the SS | 1 @he New "mk Etmzs
JGERMANS USE -5 and served the Nazis until von Braun and his unit of
\':lzuwwviszrnr%:: soldiers were captured by the allies at the end of

the war. The Nazis saw the value of self-propelled
rockets as weapons of mass destruction, and
developed the V-1 and V-2 rockets which were used
to bomb public and private locations in Great i
Britain and Europe. In the U.S. both amateurs and public agencies were experimenting with rocket technology For
example, in 1935 the U.S. Post Office was involved in an experimental rocket launch in Greenwood Lake, NJ to see if
rockets were a viable way of speeding mail across large areas, since Austria had already been using rockets to transfer
mail since 1931. A video of the launch is here.

‘ Hil'IxI(A’\v\ SI”’\,H
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Radio-controlled Hellcat Drones in the Korean War: Grumman F6F-5K drones were used to attack bridges in
Korea by dropping a 2000 Ib bomb on the targets.

Further Information relative to “why and when” the U.S. Government began to fund UAV development for the military
may be found here:

The decision to develop UAVs for the U.S. military was in part a result of the loss of a U.S. U-2 spy plane,
which was shot down in 1960.

Insight into another country’s motivation for the development of UAVs may be found here:

Israeli Wars and Drone Development

Computing and UAVs Historically, calculating machines were developed largely to improve navigation tables for
merchants and navies. The mechanical computers developed during the early 1900s had the same goal — to improve
gunner’s ability to target enemy sites. “The improvement of digital computing, using multiple transistors on integrated
circuits and smaller and more efficient batteries, has made it possible to develop the UAVS of today. Both small drones
and large UAVs can make more precision movements and functions using these advanced computers. As in automobiles,
functions such as ignition, acceleration, braking and navigation that were once performed only manually, are a part of
drone technology. Drones can be more lightweight and thus smaller because digital electronic components are smaller.

Psychological Effects of Military drones on the population:
In 1944, the German military began sending their unmanned “Vengeance” or V-1 bombers to attack civilian and
government centers in Great Britain. Survivors described the terror of the “buzz bombs”:

The sound begins in the distance like a low mutter and then gets louder until
it roars like an outboard motor. Vibrations shake floors and shatter windows —
and the nerves of everybody waiting below.” »

More recently, reports from Palestinians about the psychological stress of the unceasing sound of drones overhead and
never knowing whether these were surveillance or bombing missions.®

*See the section, “World War I-The War of the Inventors” in Robert Colburn, Analog Fire Control Calculators: Precursors to Digital
Computers, IEEE Spectrum, 28 July, 2014. http://spectrum.ieee.org/tech-talk/geek-life/history/world-war-i-the-war-of-the-inventors
(Accessed 21 July, 2017).
> Sergeant Francis Burke, “Buzz-Bomb Blitz,” Yank magazine, (August 11, 1944): 10. http://www.oldmagazinearticles.com/WW2 V-
1 Buzz-Bomb_London_Blitz_article-pdf (Accessed 2-1-2017).
®Scott Wilson, “In Gaza, Lives Shaped by Drones,” Washington Post (December 3, 2011):
https://www.washingtonpost.com/world/national-security/in-gaza-lives-shaped-by-
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Israel was the first to develop drones after the 1973 war with Egypt and Syria, as a method of sending decoys to
distract Egypt air artillery. Since that time, Israel has become one of the largest manufacturers and users of drones.

Other Uses for UAVs
Today UAVs have been adapted for numerous applications.

Archaeological Research — It is interesting that cutting-edge imaging technologies
have long been embraced by archaeologists, who collect not only old pots and mummies, but
data about the environment that gives them a better picture of the past. During the last few
years, drones have been used by archaeologists with more and more interesting results.
Drones were the cover story in the March, 2016 issue of the Archaeological Record.

Meteorological monitoring Today, a number of the UAVs developed for military use are being adapted to other
uses. For example, the Global Hawk 872 being used by NASA for earth science missions since 2014 was been equipped
with over a dozen instruments that can capture atmospheric measurements from the autonomous UAV.

Commercial use of drones is expanding quickly. For example, in December 2016, Amazon Prime Air began using
drones to deliver packages in the Cambridge area of England. Amazon delivery drones are completely autonomous and
are capable of delivering packages weighing up to five pounds from a central fulfillment center in the area. The
company expects the project to expand within the UK and eventually worldwide.

Search and Rescue. The same technologies that have been incorporated into military drones can provide life-
saving and educational support in many ways. Because drones are designed to perform surveillance using different
kinds of imaging such as thermal or infra-red, zoom capabilities. In addition, they can view the environment under all
lighting conditions and return information to a base of operations, or, depending on their size and payload capacity, to
drop or lift objects. This means they can be used for search and rescue after an environmental disaster (such as locating
victims of floods, forest fires, or avalanches, to drop emergency supplies, and to collect geological, archaeological, and
technical data using onboard imaging and computing. Drones have been used to monitor wildlife movement and to
surveil poachers, to monitor other kinds of protected lands and bodies of water. For example, the Prodrone, which has
flexible arms, can lift, carry, and deliver a variety of objects.

Recent Developments outside the Military. Researchers at the University of Florida are focusing on adapting
the brain-computer interface idea to drone operation, as they explain in this video.

EcoNomics

One of the important considerations of the use of UAVs both inside and outside of military applications is the
cost-value ratio. For example, The Defense Advanced Research Projects
Agency, (DARPA) which has sponsored numerous research competitions over
the last forty years, from artificial intelligence to driverless vehicles, has
recently created the Inbound Controlled Air-releasable Unrecoverable
Systems (ICARUS) program to fund researchers to produce low-cost drones.
The idea is to be able to send a large number of drones carrying lightweight
but valuable materials in a time-sensitive situation. These drones could
potentially save the lives of survivors of environmental disasters by delivering
medicines and other critical items. For example, one of the funded companies, Otherlab, is working on drones about one
meter wide and made of cardboard that can be quickly assembled and dropped in large “swarms” from aircraft into
areas that are difficult to access with traditional transport methods. Once the supplies are received, they are meant to
degrade naturally. Because they can be produced so cheaply, there is a far lower overall cost of using drones for this

]

drones/2011/11/30/glQAjaP600 _story.html?utm_term=.bb62384071a9 (Accessed 2-25-2017). See also: Al Jazeera, “Life and Death
Under Israel’s Drones.” http://www.aljazeera.com/indepth/features/2013/11/gaza-life-death-under-israel-drones-
20131125124214350423.html (Accessed 2-27-17)
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purpose, which will increase the use of drones for humanitarian purposes. DARPA has also been funding other
degradable drone projects under its Vanishing Programmable Resources (VAPR) program, meant to develop electronic
components that can also decompose into the natural environment once they have completed their missions. Together,
these technologies can lower upfront costs of using drones in both military and humanitarian/medical areas.” The
military continues to adapt UAV technologies for its purposes. In October 2016, the Strategic Capabilities Office together
with the Naval Air Systems command conducted test flights in which a “swarm” of 103 small Perdix “micro”-drones
(discussed above) were dropped from three F/A-18 Super Hornets to demonstrate the drones’ capability of working as a
group without remote control. These drones are also part of the research to produce low-cost drones that can complete
missions that before could only be implemented by larger and far more expensive aircraft with more complex
equipment and at a much higher cost.

While transportation focus is on driverless ground vehicles, UAVs are being adapted to moving passengers
rather than bombs or packages. In Dubai, single-passenger drone “copters” are being tested and are expected to be in
use shortly.
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