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ABSTRACT
Drone technology has skyrocketed over the past decade driving costs down and the number of potential applications up,
one being agricultural crop monitoring. Normalized Difference Vegetation Index (NDVI) is an imaging technique used to
visualize near infrared light, which happens to be a very good indicator of plant health and productivity.This paper aims
to explore the potential of Unmanned Aerial Vehicles (UAV’s) using NDVI imaging for crop monitoring and assess the
feasibility of the process by developing a UAV with a NDVI camera to create NDVI maps from the aerial crop images.
These maps will be cross referenced with soil samples to check for proof of concept and accuracy. The final product will
illustrate the feasibility, efficiency, and economic benefits of UAV NDVI crop imaging and offer a solution to the tedious
process of crop monitoring that is currently physically walking the field.
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1.INTRODUCTION

magine a farm of the future that is full of robots; aerial robots flying overhead scanning fields in real time
and sending signals to ground robots to check areas of concern, fix irrigation issues, and take soil samples
for further analysis; this farm of the future is very close to being the farm of today. The purpose of this

project is to explore an avenue that will change the way in which big agriculture is conducted forever and
bring us one step closer to automated farming. Drone technology has been around for years as a defense tool,
but only recently has it become cheap enough to be utilized by other industries. The Federal Aviation
Administration (FAA) first authorized drone use in National Airspace System (NAS) in 1990, however today
commercial drone flight is still illegal. Because of this ban drones have yet to be deployed in a variety of
industries, one of which is agriculture. Normalized difference vegetation index imaging, or NDVI imaging
was developed by NASA scientist Compton Tucker in 1977 outlined in a paper titled “Red and Photographic
Infrared Linear Combinations for Monitoring Vegetation”. His research concluded that plants reflect varying
amounts of near infrared light varying on their health based on the following equation, variation of plant
vegetation could be

visualized [2].

NDVI = (NIR − red)

__________

(NIR + red)

This imaging technique has been used over the past 30 years to monitor vegetation from satellites, however it
hasn’t made economic sense to farmers because of the high cost of airplane and satellite photography. “It’s a
simple economic equation. The biggest potential for Unmanned Aerial Vehicles is aerial images and data
acquisition. Let us take a simple UAV and repurpose imagery for a farmer’s field for cents on the dollar
compared to using traditional aircraft.” stated Rory Paul, CEO of Volt Aerial Robotics. Testing will determine
if the imaging technique makes sense at lower drone elevations that deal with atmospheric conditions where
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cloud cover, shadows, and a variety of other issues negated by images taken from satellites must be
considered. UAV NDVI imaging combines principles from aerospace, mechanical, electrical, and agricultural
engineering to create a final product that could be used for crop monitoring to view irrigation, pest, and fungal
problems.

Fig 1:UAV NDVI Imaging

2.MAIN EXISTING DRONE TYPES
The main drone types are fixed-wing systems and multi rotor systems. The majority of existing drones can be
defined within these two types. Other systems like hybrid systems and ornithopters are also briefly discussed.

2.1 Fixed-Wing Systems
Fixed-wing is a term mainly used in the aviation industry to define aircraft that use fixed, static wings in
combination with forward airspeed to generate lift. Examples of this type of aircraft are traditional airplanes,
kites that are attached to the surface and different sorts of gliders like hang gliders or paragliders. Even a
simple paper airplane can be defined as a fixed-wing system. An example of a fixed-wing drone is the widely
used Raven, which will be discussed in more detail later in this section.

2.2 Multirotor Systems
Multirotor systems are a subset of rotorcraft. The term rotorcraft is used in aviation to define aircraft that use
rotary wings to generate lift. A popular example of a rotorcraft is the traditional helicopter. Rotorcraft can
have one or multiple rotors. Drones using rotary systems are almost always equipped with multiple small
rotors, which are necessary for their stability, hence the name multirotor systems. Commonly, these drones
use at least four rotors to keep them flying. A popular example of these multirotor drones is the widely used
Phantom drone made by the Chinese company DJI. This four-rotor drone will be discussed in more detail later
in this section. Differences between fixed-wing drones and multirotor drones are important for the different
applications consumers want to use the drone for. For example, multirotor drones do not need a landing strip,
make less noise than their fixedwing counterparts and can hover in the air. Fixed-wing drones can fly faster
and are more suitable for long distances than their multirotor counterparts. These characteristics determine
which of these drone types to use for a specific application.

2.3 Other Systems
Some types of drones cannot be labeled as a fixed-wing or a multirotor drone. Sometimes because the drone
simply is neither fixed-wing nor multirotor, sometimes because the drone has characteristics of both types.
Hybrid systems are systems that have characteristics of both multirotor and fixed-wing systems. The hybrid
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quadcopter is an example of such a drone. This drone uses multiple rotors to take-off and land vertically but
also has wings so it can fly longer distances. Drones that are neither fixed-wing nor multirotor systems are far
less frequent. An example of such a drone is the ornithopter. These drones fly by mimicking wing motions of
insects or birds. Most of these ornithopters are scaled to the birds . These small drones are mostly still under
development and are not widely used in practice. Examples of ornithopters include the Delfly explorer,2 a
drone that mimics a dragonfly, and the micromechanical flying insect,3 a drone under development that is
eventually going to represent a fly both in size and movement. Another example of drones that are neither
fixed-wing nor multirotor are drones using jet engines. The T-Hawk drone is an example of such a drone.4
This drone uses a turbo fan, making the drone look more like an unmanned (hydro)jetpack than fixed-wing or
multirotor.5 To give a more complete picture, unmanned balloons (filled with for example hot air, helium, or
hydrogen) are mentioned here as well. These balloons can fly by heating the air inside. Unmanned balloons
are a special kind of unmanned aircraft, but are not commonly seen as drones.

3. LEVEL OF AUTONOMY
Because of the absence of a pilot, drones always have a certain level of autonomy. An important distinction
within the concept of autonomy is the difference between automatic and autonomous systems. An automatic
system is a fully preprogrammed system that can perform a preprogrammed assignment on its own.
Automation also includes aspects like automatic flight stabilization. Autonomous systems, on the other hand,
can deal with unexpected situations by using a preprogrammed ruleset to help them make choices. Automatic
systems cannot exercise this ‘freedom of choice.’6 In this chapter, the focus is on autonomy in flight routes
and operations (i.e., focusing on drone use and applications) rather than on automation like flight stabilization
(i.e., focusing on technology). The United States Department of Defense distinguishes four levels of
autonomy in their roadmap for unmanned systems. The most basic level of autonomy is a human operated
system in which a human operator makes all the decisions regarding drone operation. This system does not
have any autonomous control over its environment. A higher level of autonomy is a human delegated system.
This system can perform many functions independent of human control. It can perform tasks when delegated
to do so, without further human input. Examples are engine controls, automatic controls, and other automation
that must be activated or deactivated by a human controller. The third level of autonomy is a human
supervised system. This system can perform various tasks when it is given certain permissions and directions
by a human. Both the system itself and the supervisor can initiate actions based on sensed data. However, the
system can only initiate these actions within the scope of the current task. The final level of autonomy is a
fully autonomous system. This system receives commands input by a human and translates these commands
in specific tasks without further human interaction. In case of an emergency, a human operator can interfere
with these tasks.

4. WIDELY USED DRONE MODELS
Currently, drone models are developing fast and numerous drone models already exist. Due to the increasing
popularity of drone technology, new models are developed at a fast pace. Therefore, it is impossible to
describe here every drone model currently existing. Hence, only some models which have been in the media
to some degree and models which are widely available for governments, industry, and citizens are described
here. These are the widely used, well-known, and available drone models. The order in which these models
are discussed is from small to large.

4.1 Delfly Explorer
The Delfly Explorer is an ornithopter drone that flies like a dragonfly and is being developed by Delft
University of Technology in the Netherlands. The drone can take-off and fly fully autonomous within a closed
environment. It can avoid obstacles by using two cameras. The drone has a weight of 20 g and can currently
operate for only nine minutes because of the size and weight constraints of the battery. In the future, these
models could be used for reconnaissance and air photography, but also for applications like greenhouse
inspections to check if fruit is mature.
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4.2 Hubsan x4 Drone
The Hubsan x4 is a small multirotor drone developed by the Chinese company Hubsan. This mini drone is
fairly simple in design and operation. It has four rotors and can be operated with a controller. Some models of
the x4 drone come with a built-in camera for making pictures and recording video. The drone is currently a
popular and relatively cheap alternative for the more advanced drones. The drone has a weight of 30 g, a
radius of around 100 m and can operate for 7 min with a fully charged battery. Unlike most of the other
models discussed, this drone does not have advanced features and is mainly built for recreational purposes.
4.3 Parrot AR Drone
The Parrot is a drone mainly built for recreational purposes. It has a multirotor system that can be controlled
by a smartphone or tablet. The drone can operate for 12–18 min and weighs about 400 g. Its speed is about 18
km/h and it has a range of about 50 m. The drone has two cameras, Bluetooth and WiFi technology and uses
GPS-waypoints to fly a preprogrammed route. The Parrot is similar to the below-mentioned Phantom, both in
applications and functions. Besides film and photography software, the drone is also equipped with gaming
software, making its emphasis on recreation more clear. The gaming aspect includes a racing game and
augmented reality driven shooter games in which a real-world environment is augmented by computer-
generated graphics and/or sound.17 The user can preprogram the drone with a task and settings like
maintaining a particular altitude, after which it carries out the given task by itself.
4.4 DJI Phantom
The Phantom drone is a multirotor drone with four rotors and is mainly built for recreational purposes. The
drone comes with a camera and can be controlled using a smartphone or a WiFi controller. The smartphone
can also control the camera to move and make pictures or record video. The Phantom can fly at around 54
km/h and it can operate for about 25 min. Just by programming the flight altitude and certain waypoints the
drone can take-off, land, make recordings, and return automatically.

4.5 ScanEagle
The ScanEagle is a fixed-wing drone dating from 2004 and is mainly used as a surveillance tool. It is
equipped with an optic and/or infrared camera and can operate for over 20 h. It is 3.1 m in width, 1.2 m in
length, weighs 18 kg and has a cruising velocity of 89 km/h. The drone can be launched by pneumatic
pressure and it can land with a skyhook system, plucking it out of the air. Therefore, a landing strip is not
necessary. Contrary to most fixed-wing drones, the ScanEagle needs little space to take-off or land.

5. FUTURE DEVELOPMENTS
There are three major developments in drone technology: miniaturization, autonomy, and swarms. The first
development, miniaturization, is the most incremental development. As in most areas of robotics, each new
generation of drones is a bit smaller, lighter, and cheaper than the previous generation. For instance, new
materials and lighter and more efficient batteries create better trade-offs between the drone and its flight
range, maximum altitude, and maximum payload. The limits of miniaturization are unknown. The smallest
commercially available drones are more or less the size of credit cards, but experts indicate that within a few
years we can expect drones the size of insects. Cheaper and smaller drones are also likely to result in the
ubiquity of drones. Whereas drones may now still be a rare sight in the sky, it is expected that within a few
years, there will be plenty of drones available among the general public. This expectation is based on the rate
at which drones are manufactured and sold. Drones are popular birthday and Christmas presents for teenagers,
they are popular among photographers and sportsmen and there is an increase in small companies that offer
drones services. A second major development is the further increasing autonomy of drones. Drones are often
seen as remote control aircraft, but there are technologies that enable autonomous operations, in which the
remote control by a human operator is partially of completely excluded.Most drones that are commercially
available are remotely controlled, but at the same time they already contain elements of autonomy, mostly
software for flight stabilization. More professional drones offer the possibility to pre-program flights. In the
near future, more autonomy is expected with regard to determining flight routes, sense and avoid systems for
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performing evasive maneuvers (e.g., birds, airplanes), adapting to changing weather conditions and defensive
reactions when drones are under attack. A third major development is the use of drones in swarms.The
increasing autonomy of drones enables the cooperation between drones in so-called swarms. The use of
swarms may widen the range, flight duration, and maximum payload for particular applications. For instance,
using drones in swarms, one drone may take over a task from another drone with an exhausted battery. In this
way, the flight range can be extended beyond the range of the first drone. Drones that fly beyond the reach of
control signals or are damaged during their flight can be replaced by other drones. Heavy payloads may in
some cases be distributed over several drones, exceeding the payload of only one drone. Swarms of drones
may be used as sensor networks.When drones are used to follow several persons, a problem may arise when
they split up. When using swarms, each drone may follow an individual instead of having to choose whom to
follow. A technological difficulty to overcome concerns the fact that drones in swarms have to communicate
with each other besides communication with ground control, which requires many more communication
channels.

6.PROPOSED METHODOLOGY
The methodology followed in this paper is

1. Build upon the functioning prototype by: isolating issues, microcontroller programming, camera
integration, ArduPilot installation and programming

Fig 2& 3: Drone prototype with onboard electronics.

2. Using components and construct larger “heavy duty” drone capable of longer flight times and a larger
payload in varying weather conditions based on knowledge gained during prototyping process. Ready UAV
for crop monitoring by: installing high precision GPS,autopilot installation and programming, sensor
installation, software development used for implementation of live feed, autopilot mission planning, and
mapping functions.
3. Modify NDVI capable camera and devise a method to process the photos for data analysis. Equip
drone with NDVI camera while allowing remote user control during flight.
4. Test NDVI equipped drone under varying conditions and test for accuracy of data comparing
congruencies and inconsistencies in NDVI images and field samples. Create NDVI maps alongside standard
aerial maps to compare benefits of NDVI imaging.

7. CONCLUSION
I. The first important distinction made is that between the actual drone (the platform) and the attached

equipment (the payload).
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II. The different types of drones can be differentiated by the type (whether it is fixed-wing, multirotor or
something else), the degree of autonomy, the size, weight, and the power source. These technical
specifications are determining factors for the drone’s capabilities, for example it’s range, flight duration,
and loading capacity.

III. The payload can consist of almost anything. Some examples include all sorts of sensors (like cameras,
sniffers, and meteorological sensors) and different kinds of freight (like parcels, medicine, fire
extinguishing powder, and flyers).

IV. In order to be able to control a drone, communication between the user and the drone and/or its payload is
required.

V. At this moment, there is no spectrum available dedicated to drones only. Currently, the spectrum usage by
drones can be facilitated by license-free spectrum or licensed spectrum on a national basis.

VI. Efforts have to be made to make spectrum available specifically for drone usage in order to accommodate
the international usage of drones.

VII. This paper will illustrate the feasibility, efficiency, and economic benefits of UAV NDVI crop imaging
and offer a solution to the tedious process of crop monitoring that is currently physically walking the field.
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