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The purpose of this document is to provide guidance on
the appropriate use of unmanned aerial vehicles (UAV's)

for agricultural applications in Florida. Flight software

(e.g., mission planning apps) are used to program the flight
of the UAV to collect data in a particular area by setting
various parameters such as flight height, flight speed,
overlap data collection percentage, etc. Post data processing
software are used to process the UAV-collected data to
create several types of maps based on the application and
type of sensor(s) used for data collection. These maps
include orthomosaics, 3D maps, plant health or stress status
maps (e.g., normalized difference vegetation index—NDVI
maps), etc. There are several apps and software available for
flight planning and postflight data analysis. Most flight mis-
sion planning apps are free, but almost all post-processing
software require a subscription fee. This document provides
step-by-step instructions for preparing a UAV for flight,
creating a mission path (using flight mission planning
apps), and collecting UAV-based data. Instructions on the
use of post-processing data analysis software are provided
in another EDIS document.

Introduction

Traditional field monitoring and pest scouting techniques
rely on manual sampling and are time-consuming and
labor-intensive. To address this issue, several remote
sensing technologies and techniques have been developed
(Ampatzidis et al. 2017). Recently, small unmanned aerial
vehicles (UAVs) equipped with several sensors became
cost-effective solutions for rapid and non-destructive field
data collection (Matese et al. 2015; Pajares 2015). Small
UAVss can be used for high-resolution image acquisition
at low cost compared to other sensing technologies (e.g.,
airborne and satellite imaging). Data collected from
UAVs are used for photogrammetry processing to create
orthomosaics, plant stress maps (e.g., NDVI maps), digital
surface models (DSM) and 3D models (de Castro et al.
2018). Artificial intelligence (AI) algorithms have been
developed to process the UAV-collected data to estimate
plant water needs, monitor crop health status, and detect
weeds, pests, and diseases (Abdulridha et al. 2019; Matese
et al. 2013; Nebiker et al. 2008). For example, Garcia-Ruiz
et al. (2013) developed a UAV-based technique to monitor
tree stress in groves utilizing multispectral imaging, and
Ampatzidis and Partel (2019) developed an Al-based
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technique to count citrus trees and tree gaps, measure tree
height and canopy size, and develop individual tree NDVI
maps. Acquiring high-resolution data is a critical step

for precision agriculture applications. In order to acquire
high-resolution UAV-based data and carefully create a flight
path, several steps should be followed (Xiang and Tian
2011). This document presents steps that are necessary for a
succesful UAV flight and data collection.

Off Field Preflight

In order to use a UAV for commercial or research purposes,
the UAV user needs to obtain a remote pilot license and
follow all rules and regulations established by the FAA (Part
107). Kakarla and Ampatzidis (2018) present all these steps,
rules, and regulations.

Before you go to the field, you have to follow several steps
in order to have a successful data collection operation.

Data Collection Area: The first step is to collect the GPS
coordinates and find the location of the field where you
want to collect data on the map, preferably in a satellite
version.

Getting Your UAV Ready for the Flight: Before you go
ahead with the flight, you have to make sure that various
components are in working condition and supported by the
UAV. These major components are:

1. UAV batteries: Make sure the batteries are fully charged
and compatible with the UAV you are using. Some UAV's
may require two or more batteries for flying. In this case,
you will have to make sure that both batteries are of the
same version (this particularly happens when a user has
a large inventory of batteries with multiple versions)
and are fully charged. For example, DJI UAVs (SZ DJI
Technology Co., Ltd., Guangdong, China) sometimes will
not allow the UAV to take off when using batteries of the
same version but with different charge percentages, citing
voltage difference as a problem.

2.Remote controller: Always make sure you are using a
remote controller compatible with the UAV and perform
firmware updates whenever you are prompted to do so.
If you are using a tablet or mobile phone with the remote
controller, make sure it is compatible with the flight
mission planning apps you plan to use. Also, remember
to carry the cable that connects the remote controller to
the mobile device.

3.Memory cards: Memory cards store all of your collected
data. You have to constantly monitor the storage status.
It is recommended to go with full capacity and fully
formatted memory cards. Be sure to check if the memory
card is compatible with the UAV or the sensor(s) you are
using. Some sensors (e.g., multispectral cameras) and
UAVs accept only a particular type of memory card; you
can generally find that information in the user manuals.
Providing each UAV with its own memory card is also
recommended. Avoid using the same memory card in
another UAV.

4. Mobile device: Most of the remote controllers do not have
screens of their own and often need to be connected to
a mobile device. This can be a tablet or a mobile phone.
Make sure mobile devices are fully charged. Avoid
keeping them in the sunlight for too long. For example,
prolonged exposure to sunlight may cause a tablet to
overheat and force it to go into a “warning mode” that
causes communication errors with the UAV, leading to
loss of data. Most flight mission planning apps require
a working Internet connection to load the maps, and
it is recommended to have one. An alternative can be
preloading the maps on the mobile device by planning
the mission before going to field, while connected to
the Internet (the following section discusses details on
mission planning).

5.Laptop: It is recommended to have a fully charged laptop
with you during the data collection to verify the quality
of the collected data in the field (and not later in the
office). A memory card reader is also required to read the
content of a memory card from the UAV.

In Field Preflight

Once you are in the field with the aforementioned materials
ready, there are a few more steps to follow.

UAYV Status: After you power on your UAV, you will have to
check and make sure that the UAV is ready to fly (Figure 1).
Most of the currently available UAV's provide a compatible
app to check the “UAV status” and verify that the UAV is
ready to fly. As an example, a Matrice 210 UAV (Quad-
copter, SZ DJI Technology Co., Ltd., Guangdong, China)
equipped with a Zenmuse X5S camera (SZ DJI Technology
Co., Ltd., Guangdong, China) and the DJI GO 4 App will
be used throughout this document to better demonstrate all
the steps you need to follow for a successful flight.

If the sensor you are using is attached to a gimbal and
you are performing a mapping mission, make sure that
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the sensor is facing downwards at 90 degrees (Figure 1,
“Camera Angle”). In other cases, where the sensor used is
in a stationary position, make sure it is aligned according
to the mission requirements. Furthermore, make sure that
the memory card is inserted into the UAV (or the sensor
you are using), and verify the status of the memory card in
the corresponding mobile app (Figure 1; “Memory Card”
status). Remember to remove the lens cap of the sensor, if
there is one. Once the UAV mobile app shows that the UAV
is ready to fly (Figure 1; “Ready to Fly” status) and all the
statuses are checked and verified, open the flight mission
planning app on your mobile device.
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Figure 1. Screenshot of DJI GO 4 app showing “Ready to Fly” status,
“Memory Card” status, and “Camera Angle”
Credits: UF/IFAS

Flight Mission Planning: After you open the flight mission
planning app, make sure the app detects the UAV and the
sensor (e.g., thermal camera) you are using (Figure 2). You
can usually check this in the status menu or settings menu.
Sometimes, the sensor is independent of the mission plan-
ning app, and you will have to enter its details as a custom
camera with all the details required in the app (Figure 3).
As an example, the Pix4Dcapture app on an Apple iPad is
used throughout this document for better understanding of
the procedures.

After you make sure the app detects the UAV, select the
kind of mission you want to fly (Figure 4). Apps generally
offer several different kinds of missions, and it is up to the
user to decide which mission type is best suited for them.
Note that a polygon mission type will probably be com-
pleted in lesser time than a grid mission type when the data
collection area is an irregular shape. The user can compare
both mission types by planning them and checking their
estimated flight times. You can see the estimated flight time
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in the app while planning the mission (Figure 5; “Estimated
Flight Time”).
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Figure 2. Screenshot of Pix4Dcapture app showing the details of
UAV connected (i.e., DJI Matrice 210) and the sensor connected (i.e.,

Zenmuse X5S).
Credits: UF/IFAS
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Focal length [mm]

Sensor width [mm]

Image width [pixel]

Image height [pixel]

Min. triggering interval [s]

Make sure riggering interval is the same g the automatic triggering
interval set in your camera

Figure 3. Screenshot of Pix4Dcapture app showing the different
settings required for adding a custom camera to the UAV.
Credits: UF/IFAS

The estimated flight time can vary based on several fac-
tors. Some of the major factors are flight height, overlap
percentage, picture trigger mode, and UAV speed. As the
flight height increases, the estimated flight time decreases.
The options for setting the flight height can be found in
the settings menu (Figure 5). As the overlap percentage
increases, the flight time increases because the UAV has
to cover more area when compared to a smaller overlap
percentage. You can find the overlap percentage settings
in the settings menu (Figure 6). It consists of two options,
namely, front overlap and side overlap. The ideal overlap
percentage values depend on the mission; it is up to the



user to determine them. The most widely used overlap
percentage values are 70-80%. You will also find options
for picture triggering mode and UAV speed setting in the
settings menu (Figure 6). These two factors also depend on
the mission. Most of the time, they are set to a high setting
as long as the quality of the data is not compromised. When
planning a flight mission, make sure that the starting point
is closest to the UAV position (Figure 5; check “Current
UAV Position” and “Mission Start Position”). This could
save more than a minute of flight time, which is almost

5% or more of the battery capacity for most of the UAVs.
Another small change that can decrease the required

flight time significantly is the number of turns in the flight
mission plan. It is recommended to choose paths with fewer
turns.
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Figure 4. Screenshot of Pix4Dcapture app showing the different
mission types and the settings menu.
Credits: UF/IFAS
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Figure 5. Screenshot of Pix4Dcapture app showing estimated flight
time, status bar, mission start position, current UAV position, and
height settings.
Credits: UF/IFAS
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Figure 6. Screenshot of Pix4Dcapture app showing various settings
options for overlaps, picture trigger mode, drone speed, etc.
Credits: UF/IFAS

After you make sure everything is ready, click the start but-
ton. A checklist will appear verifying the status of various
parameters. Once everything is good, the UAV will start

its mission (Figure 7). There may be cases where you find
errors after you click the start button. Examples include:

o Problems with the battery capacity—This can be solved
by reducing the size of the data collection area.

« Flight mode switch in the wrong position—You have to
make sure it is in the correct mode. Refer to the UAV’s
user manual to find out which is the right mode.

o Failed upload of mission to the drone—You will need to
retry by canceling and clicking the start button again.

o Insufficient UAV storage—You will need to replace it with
a new memory card.
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Figure 7. Screenshot of Pix4Dcapture app showing the checklist
before takeoff. The UAV starts only when all the conditions are met,
indicated by a green checkmark.

Credits: UF/IFAS



In Field Postflight

After the UAV completes its mission, it automatically

lands at the same position where it took off. Once it lands,
remove the memory card from the UAV or the sensor and
verify in the laptop that all the collected data meet required
standards using a memory card reader. If the data are not
up to the required standards, you will have to find out
which parameter has an effect on the data and repeat the
mission with updated parameters.

Common Problems

Camera Focus Issues: Sometimes, the sensor is out of
focus, which will make the data useless. You have to figure
out the recommended focus settings for the sensor and

redo the mission. Sometimes, using manual focus instead of
auto focus can help solve this problem.

Missing Data: Various factors can cause this issue. The
major one is wireless interference with the remote control-
ler, which usually occurs when there are any magnetic
interference points or another remote controller in use
close to the user. Another cause can be communication
error due to overheating of the mobile device. This can be
avoided by placing the mobile device under a roof or close
to an air circulation device. Memory cards can also be an
issue if they are not compatible or if they run out of space
mid-mission.

Overlap Issues: The overlap percentages used may not

be enough to cover the data collection area. This problem
generally occurs when the sensor is independent of the
UAV. In such a case, the details of the sensor have to be
entered in the flight mission planning app to avoid overlap
issues.

Conclusion

In order to have a successful and efficient data collection
mission, you must plan properly and follow several steps
carefully. There are also several parameters to consider
which can significantly decrease the required flight time.
This can help you save battery power and fly over larger
areas in less time. There might also be a few commonly
occurring problems that can be solved through careful and
constant monitoring of the settings. This document covers
the most important steps you need to follow before and
during a UAV flight.
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