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Abstract: Recently, drone technology advanced, and its safety and operability markedly improved,
leading to its increased application in animal research. This study demonstrated drone application in
livestock management, using its technology to observe horse behavior and verify the appropriate
horse-drone distance for aerial behavioral observations. Recordings were conducted from September
to October 2017 on 11 horses using the Phantom 4 Pro drone. Four flight altitudes were tested (60,
50, 40, and 30 m) to investigate the reactions of the horses to the drones and observe their behavior;
the recording time at each altitude was 5 min. None of the horses displayed avoidance behavior
at any flight altitude, and the observer was able to distinguish between any two horses. Recorded
behaviors were foraging, moving, standing, recumbency, avoidance, and others. Foraging was the
most common behavior observed both directly and in the drone videos. The correlation coefficients of
all behavioral data from direct and drone video observations at all altitudes were significant (p < 0.01).
These results indicate that horse behavior can be discerned with equal accuracy by both direct and
recorded drone video observations. In conclusion, drones can be useful for recording and analyzing
horse behavior.
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1. Introduction

Drone technology made great strides in recent years, with drastic improvements in
safety and operability. Drones of various sizes and functions are commercially available
and relatively easy to obtain. They are used extensively in several fields, including re-
mote sensing, determining ecosystems’ complexity, and disaster countermeasures. Drone
application has many benefits; drones are inexpensive and relatively easy to operate com-
pared with aerial photography, which requires airplanes and helicopters. Therefore, their
application is increasing in the field of animal research. Drones are useful for observing
animal behavior, especially in wildlife research and were used in related studies observing
dugongs [1], elephants [2], red-crowned cranes [3], penguins [4], Antarctic shags [5], and
Southern elephant seals [6].They can be used for behavioral surveys of animals inhabiting
difficult-to-access areas and/or highly sensitive and aggressive animals.

Previous studies on horse behavior reported direct observations [7,8] or observations
from videos acquired using fixed-point cameras [9]. However, these methods are consid-
erably labor-intensive. In addition, direct observation is observer-dependent and limited
by the number of animals one can observe at once. Human presence can also affect horse
behavior because horses read humans in various ways, such as through our body posture,
facial expressions, and attentiveness [10]. Moreover, videos recorded with a fixed-point
camera are limited by the field of view and blind spots.

We considered using drones in horse behavioral surveys as an example of their
application to the field of livestock management. Aerial videos recorded by drones are
valuable because their coverage is larger than that of a fixed-point camera, and they can
quickly follow a target horse. Additionally, because the videos can be viewed offline by the
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observer, it is possible to avoid the time constraints of real-time observations. Moreover,
since videos can be observed indoors, the environment around the observer is also more
comfortable. Furthermore, it is challenging to simultaneously identify multiple horses
during real-time visual observation. However, it is possible to identify multiple horses from
a video by identifying each horse of interest and playing the recorded video multiple times.

In considering using drones in horse behavioral surveys, it is necessary to clarify
the effects of drone usage on the natural behavior of horses. Unfortunately, only a few
studies focusing on feral horse spatial relationships used drones on horse behavior [11-13]
and leading feral ponies by a remotely operated quadcopter drone into simulated capture
enclosures [14]. Therefore there are no studies on the natural behavior of domestic horses.

Furthermore, there were only a few instances of drone applications in livestock man-
agement, such as its utilization for cattle [15] and goats [16]. Therefore, it is necessary to
determine the feasibility of using drones to assist with livestock management and livestock
behavioral surveys.

In this experiment, the drone was flown over the horses at four altitudes to examine
their reaction to the drone and their behavior that can be observed from the recorded drone
video. Since the altitude was regarded as the distance between the horse and the drone,
we investigated the recording distance that does not affect the horses. From the results of
direct visual and recorded video behavioral observations, the drone application to horses’
behavioral observation was considered.

2. Materials and Methods

The experimental procedures followed the Guide for the Care and Use of Agricultural
Animals of Obihiro University (Obihiro, Hokkaido). The current study was conducted
from September to October 2017 at the paddock and pasture at Obihiro University of
Agriculture and Veterinary Medicine. Horses kept at the university were released into the
paddock (48 m x 21 m) or pasture (65 m x 46 m), and their behavior was observed directly.
Simultaneously, a video of the horses was captured by a camera attached to a drone, as
described below.

2.1. Drone and Camera

A Phantom 4 Pro (DJI, Nanshan, China) drone was used, with a diagonal length of
350 mm and weight of 1.4 kg. This drone has obstacle avoidance and automatic airborne
position-holding functions that use an ultrasonic sensor. The attached camera was sup-
ported by a 3-axis gimbal and was set to face downwards at a 90° angle. The camera lens
had an automatic focus, with a viewing angle of 84° (24 mm). The video was recorded at
4K (3840 x 2160 pixels) resolution with 60 fps and saved in a micro-SD card (maximum
32 GB). The drone flight was conducted during the day according to the law [17], flying at
an altitude between 30 m and 150 m at a location where the drone was visible.

2.2. Horses, Paddock, and Pasture

Eleven horses were kept at the Obihiro University of Agriculture and Veterinary
Medicine (Obihiro, Hokkaido). Detailed data for each horse are shown in Table 1. Horses
A and B and C and D were dam and foal pairs, respectively. Horses A-E usually used
the paddock (as illustrated in Figure 1) and were recorded with other herd mates. Horses
F-K were paired as focal and companion horses for this experiment. These horses were
recorded with only one other pair in a pasture, sometimes used for grazing (as illustrated
in Figure 1). They were introduced to the pasture more than 30 min before the drone flight
to allow them to adapt to the pasture conditions. For the dam and foal pairs, the drone was
focused on the dam alone if both were not simultaneously in the drone’s view. The horses
were fed with hay at both the paddock and pasture locations.
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Table 1. Filming location and horse details.

Experiments in the paddock

Pair No. I II 111
Horse A B C D E
Breeds Hokkaido native HOklfaldo HOklfaldO HOklfaldO Mixed pony
native native native
Age 8 years 5months  7years 6 months 11 years
Flight 2017/9/21 2017/9/21 2017/10/21 2017/10/21 2017/9/24
start 10:29 10:29 11:57 11:57 10:27
Experiments in the pasture
Pair No. v A% VI
Horse F G H 1 J K
. . . . Hokkaido
Breeds Mixed Mixed Mixed ThoroughbredMixed native
Age 2 years 8 years 18 years 23 years 6 years 23 years
Flicht start 2017/9/5 2017/9/26 2017/9/13 2017/9/27 2017/9/22 2017/9/27
ght star 13:55 14:19 13:55 11:37 14:46 14:41

Horses were combined in six pairs (I-VI).

Pasture

Figure 1. Experimental pasture and paddock and observing area. Observer changed observing
position during observation to see target horse clearly.

2.3. Drone Operation

A takeoff point was selected at least 10 m from the horses ensuring a safe position
with regards to both the horses and the pilots. The drone ascended to an altitude of 60 m
at the takeoff point and then traveled to a position directly above the focal horse. Flight
altitudes were set to four levels (60, 50, 40, and 30 m) to investigate the horses’ reactions
to the drones and verify the observed behavior. These levels were chosen because an
altitude over 60 m was deemed too high for accurate observation based on the findings of
a preliminary experiment (unpublished data), while an altitude under 30 m is classified as
restricted under Japanese law.

Video recording was initiated when the drone reached an altitude of 60 m. After 5 min
recorded video, the altitude of the drone was reduced to 50 m, and another 5 min video
was obtained. This process was repeated for 40 m and 30 m altitude observations. A single
pilot operated the drone on all flights. The pilot monitored the drone controller’s display
during the flights and operated the drone to follow the horses with minimal movement
until the focal horse moved outside the filming range.
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2.4. Direct and Drone Video Observations

Direct continuous observations were made by one observer familiar with the focal
horses simultaneously during drone recordings. Direct continuous observations were
conducted to record the time for which the target animal showed focused behaviors, in-
cluding foraging, moving, standing, recumbency, and avoidance behavior; these behaviors
were defined by the authors and are shown in Table 2. The observer recorded the time of
each behavior from observer’s area shown in Figure 1. The observer changed the position
to follow the target horse inside observer’s area. The distance between horses and the
observer was a maximum of 50 m. Using the drone, the pilot continuously recorded the
horse’s behavior for 5 min at each drone altitude level. Direct observation and video
recording were conducted once per individual horse. Continuous observations of recorded
videos were conducted using a 17-inch monitor in the laboratory. The observer was the
same person who conducted the direct observation during the drone flight. The time of
each behavior was noted by the observer by watching the drone recordings. Videos were
observed between November and December 2017.

Table 2. Ethogram of recorded behaviors.

Behavior Observation

Muzzle lowered to the ground, grasping grass or hay with lips and tongue,
chewing and swallowing grass.

oragims Moving less than three consecutive steps in 1 min while eating was not
recorded as a movement.
Moving Walking more than one step without eating.
Standing Standing still without grazing, moving, or suckling.
Recumbency Lying down on the ground
Avoidance Horses seem to try to escape from the drone.
Oth Behaviors not described above (e.g., self/mutual grooming, defecation,
ers

urination).

2.5. Statistical Analysis

The correlation coefficients (Cohen’s kappa coefficient) between recorded behavioral
data (duration of each behavior in seconds) from the direct and drone video observations
were calculated for each altitude using a Bell Curve in Microsoft Excel 2016.

3. Results
3.1. Recorded Behaviors

None of the horses displayed avoidance behavior at any of the flight altitudes. Further-
more, the observer could quickly distinguish between any two horses from one paddock
or pasture at all altitudes without difficulty. Figure 2 shows examples of the video quality
for each altitude. There was an instance at 30 m altitude where a pair of horses could
not be recorded at once because the experimental paddock was larger than the viewing
angle. This pair was a dam (Horse C) and a 6-month-old foal (Horse D). The field of view
of the drone was set according to the position of the dam; therefore, the foal’s data were
unavailable in this case. Figure 3 shows this case as “Not Recorded.” Not recorded were
also recorded in cases of force landing of drone and drone’s SD card error.
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Figure 2. Sample images of a horse pair (H and I) at each flight altitude. Red circle indicates location
of horses at (a) 60 m, (b) 50 m, (c) 40 m, and (d) 30 m flight altitudes.
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Figure 3. Recorded times of behaviors of 11 horses from direct and drone observations at each flight
altitude. (a) 60 m, (b) 50 m, (c) 40 m, and (d) 30 m flight altitudes.
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3.2. Behavior Details

Figure 3 shows the time spent by the 11 horses for each behavior at each altitude.
Eating was the most common behavior recorded in both the direct and the drone video
observations during the 5-min behavioral observations and was observed for 75-95 % of
the total observation time.

The correlation coefficients (Cohen’s kappa coefficient) of direct and video observa-
tions at different altitudes are shown in Table 3. All coefficients per altitude (as illustrated
in Table 3) were significant (p < 0.01).

Table 3. Cohen’s kappa coefficient for each altitude.

Altitude Coefficient
60 m 0.60 ***
50 m 0.76 ***
40 m 0.47 ***
30m 0.71 ***

<001,

4. Discussion
4.1. Impact of Drone Flight

The impact of drone flight on the behavior of horses is often discussed as an important
factor when a drone is flown over them. The horses in this experiment did not show
avoidance behavior during the drone flight, indicating that the drone did not affect the
horses’ behavior even at an altitude of 30 m, as long as it was stationary in the air. However,
the drone may not have affected the horses’ behavior because they were accustomed to the
existence of humans and the operation of equipment. Nonetheless, the impact of drones
on free-roaming bears was quantified previously [18]; they exhibited a stress response to
unmanned aerial vehicle flights, as evidenced by their elevated heart rates, but they rarely
showed a behavioral response. Our experiment recorded only behavioral data; therefore,
there is a possibility that there was a potential stress response that did not appear in their
behavior. Furthermore, since the drone remained stationary in the air in this experiment, it
will be necessary for future studies to investigate how horses react to drone flights when
they follow horses in a rapid motion with accompanying motor noise. Moreover, it was
reported that horses spend 14-17 h grazing per day (i.e., 60—70 % of the day) [19]. The
present study results are consistent with those of previous studies, suggesting that the
horses exhibited natural behavior during the drone flight. Therefore, drones at appropriate
altitudes do not affect horses’ behavior.

4.2. Drone Position

Individual identification of each horse was possible at the highest flight altitude of
60 m when the observer had sufficient knowledge of the horses. There was a difference in
the images of the horses acquired at each altitude. For example, at the altitudes of 60 m and
50 m, the viewing range was larger than that at 40 m and 30 m, and the paddock or pasture
locations were maintained entirely inside the viewing range. The risk of one individual of
a pair exiting the viewing range was reduced when the altitude was higher; however, the
images became smaller, making detailed behavioral observations more difficult.

The dam-foal pair in one of the cases could not be viewed simultaneously at an altitude
of 30 m because the field of view of the camera was limited. However, a previous study
reported a dam-foal distance of 20 m for a similar case where the field of view of the camera
was small [20]. Therefore, these results suggest that it is necessary to consider the expected
range of activity and interindividual distances of the target horses while deciding the drone
altitude and the flight schedules. In addition, the horses were observed simultaneously as
pairs in a small pasture in this experiment. Thus, it would be necessary to take measures,
such as painting the horses for individual identification and moving the drone to follow



Drones 2021, 5, 71 80f9

the focal horse, if the number of focal horses to be observed or the experimental pasture
area increases.

4.3. Possibility of Behavioral Observations

The Cohen’s kappa coefficients were significant (p < 0.01) at all altitudes. This shows
that observing the video recorded by drones can be an alternative to direct observation
when observing horse behaviors similar to those targeted in this study.

However, the observer was able to identify that the focal horse was foraging but could
not distinguish what is foraged even at the lowest altitude of 30 m. This was because the
drone stayed directly above the focal horses; therefore, the observer could only see the
position of the horse’s head. The observer might be able to identify whether the horses
consumed grass or hay if the drone was flown at an appropriate position and angle, which
would allow the horse’s mouth to be in a better observational position. This indicates the
necessity to consider the recording distance, direction, and angle in advance, depending
on the observed behavior.

5. Conclusions

In conclusion, since the Cohen’s kappa coefficients were significant at all altitudes,
we concluded that an observer viewing drone footages from altitudes of 30—60 m could
identify horses’ targeted behaviors this study with high accuracy compared to direct
observations. However, further study is needed to clarify behaviors that are not targeted
in this study, and experiments that seek a more direct way to the practical application of
drones to horse management are required.
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