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Abstract

Remotely Piloted Aircraft Systems (RPAS) are very promising in environmental
monitoring and they has a very high technological level to apply them in reconnaissance
mission with an high level of automation in order to reduce the workload of the operators.
In the next 10 years, over 75% of existing RPAS will be used for crop monitoring in
precision farming, where prompt management reactions to plant disease, lack of plants
nutrients and environmental changes are the focal point to farm efficiency and
productivity.

In order to optimize the RPAS monitoring activities in terms of time (process automation)
and in term of costs (economic sustainability), planning the reconnaissance operations is
crucial: every single procedure to accomplish the survey mission must be examined and
evaluated. Furthermore, we have to consider the Italian Regulation on RPAS that
introduces restrictions on RPAS operations.

Different kind of sensors can be used for crop monitoring and each sensor has a specific
mission profile. Active sensors require a very low flight (within 2 meters above the
ground) and a commercial RPAS cannot achieve this performance. Passive sensors require
a very high overlap (over 70%) of the images.

In this work, we show the calibration test performed to achieve the very low level flight,
the validation of the performances, the repeatability of the flight path and the validation of
sensors measurements. In this analysis, we consider a commercial active sensor.
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Introduction

The work here proposed is part of the activities of SMILE Project (SisteMa a
pllotaggioremoto per ilsupportoall’agricoLtura di precisionE), funded by the Autonomous
Province of Bolzano in Northern Italy. The aim of this project is the development of an
automatic reconnaissance system based on Unmanned Aerial Vehicle (UAV), both fixed
and rotary wing (multirotor configuration), to assist farmers and agronomists in applying
Precision Farming (PF) methods.

PF (or Precision Agriculture, PA) techniques even include the possibility of automating as
much as possible the execution of crop monitoring tasks (scouting) through the application
of technologies able to enhance the capability of observing and measuring the crop
variability either in a field or among different fields. RPAS are very promising in
environmental monitoring: the high level of automation of these platforms can reduce the
workload of the operators.

Many agricultural and environmental applications involved RPAS platforms. Examples of
missions are shown in (Chao et al., 2009) and (Vroegindeweij et al., 2014), including land
survey, water area survey, riparian applications and remote data collection. A multi-band
high-resolution imaging sensor was carried on a multirotor UAV for citrus greening
disease detection (Garcia-Ruiz et al., 2012). A radio-controlled unmanned helicopter-based
low-altitude remote sensing (LARS) platform was used to acquire quality image of high
spatial and temporal resolution in order to estimate yield and total biomass of a rice crop
(Swain et al., 2010).

In this work, we show the calibration test performed to achieve the very low level flight,
the validation of the performances, the repeatability of the flight path and the validation of
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sensors measurements. In this analysis, we consider a commercial active sensor. Next
section provides the description of materials and methods considered in this work.A short
discussion on obtained results and future works is finally provided.

Materials and methods

The RPAS

The RPAS considered in this work is the Q4P-Rotor, developed by MAVTech s.r.l.
(www.mavtech.eu ) for this application. Figure 11 shows the Q4P-Rotor and its main
features.The Q4P-Rotor is equipped with the Pixhawk Autopilot from 3D-Robotics
(www.3drobotics.com ) and it is capable to perform automatic mission by following the
sequence of waypoints sent to the UAV through the ground control station. Moreover, the
firmware of the Q4-Rotor-Power autopilot has been modified to achieve very precise
terrain following in automatic flight, by using a laser range finder sensor. This feature is
necessary due to the kind of sensor (Active sensor) used in this application and cannot be
achieved by other commercial RPAS.

Diagonal wheelbase 1200 mm
MTOM <7.5kg
Payload <2kg
Endurance 40 + 60 min
Cruise airspeed 3+4m/s

Figure 11 — Q4P-Rotor main features.

Sensors

The active sensor mounted on the Q4P-Rotor is the OptRx® crop sensor from AG Leader
(www.agleader.com). This sensor provides immediately the VI required. A data logger

elaborates the data acquired by the OptRx® crop sensor and associates these readings to
the RTK-based GPS onboard the multicopter to create georeferenced maps.

The sensor used to validate the RPAS sensor measurements is the Rapid Scan from
Holland Scientific. (www.hollandscientific.com ). This sensor integrates a data logger and
a GPS to georeference the acquisitions. A display shows the VI acquired.Table 2 shows the
features of both sensors.

Table 2 — OptRx crop sensor and Rapid Scan main features
Measurement Field of

Sensor channel VI acquired Measurement range view Weight
[nm] [-1 [m] [deg] [g]
670
OptRx 730 NDVI, 025-2 45-10 430
NDRE
780
670
Rapid Scan 730 NDVI, 03-3 45-10 800
730 NDRE

Terrain following calibration

A campaign of tests has been performed to achieve the desired flight performance in
terrain following automatic mode. The multicopter flown on a straight flight over four
obstacle as shown in Figure 12.

The height of the obstacles are respectively (0.5 m, 0.75 m, 1.0 m and 1.2 m). The test has
been performed at different flight speeds (v =1, 3 and 5 m/s), with different distance (s) of
the obstacles (2, 4 and 8 m). Finally, we test the performance of the system with to
different value of the parameter (RNGFND_GAIN) used to adjust the speed with which
the target altitude changes when objects are sensed below the copter. We evaluated the
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performances in terms of response of the multicopter to gain altitude as the laser range
finder senses an obstacle below the copter.

Figure 12 — Terrain following calibration test
Repeatability of the flight path
The repeatability of the flight path has been evaluated by performing automatic missions
with identical sequence of waypoints. We evaluated the superposition of the flight path for
different flights.
Sensor validation
The validation of the active sensorhas been performedby comparing the surveys of the
RPAS carrying the active sensor with the handheld crop sensor. The survey took placein
the research centre ofEnteRisi in Castello d’Agogna. The parcel selected presents induced
variability because different treatment during the fertilization phases (17 different thesis
and 4 replication).After the survey, scientists of EnteRisi collect some specimen of the
crops and measure NDVI and NDRE with the handheld crop sensor.
Results and discussions
Figure 13 and Figure 14 shows the barometric altitude (green), the sonar altitude (cyan)
and the desired altitude (black) during two different tests, respectively with a
RNGFND GAIN of 1.5 and 2.0. In the second one, the RPAS is more prone to gain
altitude as it detects the obstacle below it. We note also that the barometric altitude is
strongly affected by the rotors dynamic.
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Figure 13 —Altitude trends(s = 4, v = I and Figure 14 —Altitude trends(s = 4, v = I and
RNGFND_GAIN = 1.5). RNGFND_GAIN = 2.0).

Figure 15 shows the flight path travelled by the Q4P-Rotor for three different tests. All the
flight paths are perfectly overlapped each other. The altitude error is illustrated in Errore.
L'origine riferimento non é stata trovata.. Accordingly, the error is bounded within 0.5
meters.

Figure 17and Figure 18show the relative variance between NDRE and NDVI index from
the measurements of the handheld crop sensor and airborne crop sensor. For the NDVI
index the variance bounded below 10% in every parcel, while for the NDRE index in some
parcel the relative variance is above 10%.
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A SAI Survey 1
A SAl Survey 2
A SAIt Survey 3
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Figure 15 — RPAS real flight path (map data:

- Figure 16 — Altitude error
Google, Digital Globe).
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Figure 17 — NDRE relative variance Figure 18 — NDVI relative variance
Conclusions

The campaign of tests allows us to achieve a satisfactory level of the terrain following
automatic mode accordingly to the mission profile (altitude holding below 2 meters) of the
sensor carried on-board the RPAS. Furthermore, the crop sensor measurements have been
validated through a comparison with a handheld crop sensor.
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