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Abstract

Grasslands management involves the monitoring of both animal and plant
components. Recent precision livestock farming developments have focused on
high-rate monitoring of grazing animals to enhance livestock productivity and
welfare. The evolution of grass resource during the grazing process is not being
overlooked by graziers and researchers, but grass characteristics, such as height,
dry matter content, productivity or density, are still measured using low
frequency and sometimes destructive and time-consuming methods; such as
quadrat, sward-sticks, rising plate meters.

This study investigated the potential of using 3D cameras to assess sward
physical characteristics. Main objectives were: (1) to define the correct way to
capture images, particularly the camera position above the ground and, (2) to
assess if differences in sward height were detectable. Couples of images differing
in grass height were captured on the same spot with a 3D camera at different
above-ground heights (30, 40, 50 cm) on a ryegrass-white clover pasture. Pre-
grazing height was 15cm and post-grazing sward was simulated by cutting at 2
cm. Histograms of intensity performed on greyscale images showed differences
between pre- and post-grazing sward. As expected, overall darker pixels were
observed for pre-grazing images (p<0.01) and whiter pixels for post-grazing
images (p<0.01), indicating longer distances consistent with lower forage
biomass. Images taken at a distance of 30 and 40 cm could identify these
differences. Further developments require improving the calibration of the
camera and developing image analysis method to estimate more plant
characteristics such as density or dry matter content.
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Introduction

Feeding animals is a challenge that farmers face in the search of the optimal
animal weight gain or milk production and at the lowest cost (Castro et al.,
2017). Grasslands constitute the best and cheapest source of feed to ensure milk
or meat productions (Boval and Dixon, 2012; O’Mara, 2012). Grasslands
characteristics and animal grazing behaviors are in close relationship. For an
efficient grazing management the plant-animal interface should be considered at
the spatial and the temporal scales on the pasture, besides the monitoring of
grazing behaviors (Gregorini et al., 2017). Nevertheless, with regular weighing
or daily milking, the monitoring of animals is performed at a higher rate than that
of the plant component in the pastoral system. There is a strong need for a better
monitoring of the pasture vegetation (Nadimi et al., 2008).

Moreover, on the one hand, since the emergence of precision livestock farming
over the past two decades, the monitoring of individuals, using different kinds of
sensors, has become more accurate and has offered the possibility to detect
behaviors at different scales, from the pasture scale to the finest scale of bites for
grazing animals (Gibb, 1996; Carvalho, 2013; Andriamandroso et al., 2016). On
the other hand, the different tools used to measure physical characteristics of
grass, among which the grass height is the most important, lag still behind in
terms of possible application for precision livestock research and farming uses.
Measurements of grass height before and after the passage of animals are one
method to estimate the intake (Macoon et al., 2003; Smit et al., 2005).
Traditionally, pasture height is measured using a sward stick, an electronic
capacitance meter or a rising plate meter. The measured height is then used to
estimate forage biomass availability via a calibration with cut samples.
Calibration errors with these tools average 10% in terms of pasture yields
(Sanderson et al., 2001). This technique is mostly used by farmers to have an
idea of the importance of biomass that they have on pasture. Recent
developments showed that it is possible to automatically monitor the biting
pattern of animals (Andriamandroso et al., 2015) and in order to be able to assess
simultaneously the intake during the biting process, a rapid method with high
temporal and spatial resolution characterizing pasture biomass availability is
called for research applications investigating the grazing behavior of animals at
the plant-animal interface. Thus, the use of sensors, similarly to what is done
with animals, could be one solution to palliate this problem. For example, using
a simple digital camera, Bonesmo et al. (2004) developed an image processing
system to estimate white clover coverage in a grass—clover mixture, based on
clover color and its morphological properties achieving a great correlation with
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the reality. The seasonal growth status of ryegrass was also detectable using a
logistic model on color intensities and indices parameter (Fan et al., 2016). The
use of depth cameras in precision agriculture has increased in recent years
enabling plant structure characterization and species differentiation (Andujar et
al. 2016). In this work, a depth camera was used to assess the difference between
grass height before and after a simulated grazing.

Material and Methods

The experiment was carried out in one pasture of Gembloux Agro-Bio Tech
(University of Liege, Belgium). An Intel RealSense F200 depth camera (Intel
Corporation, Santa Clara, CA, USA) was fixed on a monopod (Figure 1) to take
pictures of pasture before (pre-grazing) and after (post-grazing) the simulated
passage of the animals done by manual cuts. Three different heights (30 cm, 40
cm, and 50 cm) were tested to define which one was the most suitable for
capturing images at the different grass height. The camera objective focused on a
30 x 30 cm? quadrat where the height of the grass was taken with a rising plate
meter and a sward stick on 5 random locations within the same quadrat. Five
couples of images, corresponding to pre- and post-grazing grass, were taken on
five different quadrats.

Intel- Computer-
R;ealsrmse — 5 to- control-
F200 3 1 the-cameral

F0cm-x-30cm'

quadrat¥

Figure 1: Image acquisition device using an Intel RealSense F200 depth camera,
placed at modular heights (hi: 30 cm, hy: 40 cm, hs: 50 cm) on the grass and
controllable with a personal computer. A shade tent should be put around the
camera to avoid sunlight disturbance.

For the data processing, only greyscale images were taken into account and
compared using histogram function of Matlab R2015a (Mathworks, NL). Ten
groups of pixel color, named image greyscale intensity class (IGIC, ranging from
0-255) were created to class the different range of pixels of each photo where the
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group 1 contained the lightest pixels and the group 10 the darkest pixels. The
number of pixels present in each of the 10 greyscale groups were then counted
and compared on a frequency basis using a general linear model with the GLM
procedure in SAS (Cary, North Carolina, USA) with grass height (pre-, post-
grazing), height of the camera (30, 40, 50 cm) and their interaction as fixed class
variables. The quadrats were used as experimental units.

Results and Discussion

For one sample (sample n°l), pictures taken by the camera are displayed in
Table 1 in color and greyscale formats for each camera height and each grazing
status. From these tables, it is already possible to see that taking pictures at 50
cm above the ground involved the presence of grasses outside of the quadrat.
Over the ten greyscale intensity classes (IGIC), less differences were shown
between pre-grazing and post-grazing grass for images taken at 50 cm (Table 2)
confirming the possibility of confusion with grasses outside the quadrat viewed
in Table 1.

Table 1: Color and greyscale photos taken by the camera at 30, 40 and 50 cm of
heights from the ground and for pre- and post-grazing grass status for sample
n°l.

Camera height | Grass status | Colored photo | Greyscale photo
Pre-grazing Mg Y 3‘7‘\ A

30cm

Post-grazing

Pre-grazing

40 cm

Post-grazing
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Pre-grazing

S0.¢m Post-grazing

Table 2: Comparison of pre-grazing and post-grazing greyscale images taken at
30, 40 and 50 cm above ground considering ten classes of image greyscale
intensity class (IGIC) using analysis of variance method.

IGIC Source Degree of freedom p-value
Camera height 2 0.308
Class 1 Grass status 1 0.358
Interaction 2 0.589
Camera height 2 0.000
Class 2 Grass status 1 0.000
Interaction 2 0.005
Camera height 2 0.003
Class 3 Grass status 1 0.036
Interaction 2 0.367
Camera height 2 0.019
Class 4 Grass status 1 0.752
Interaction 2 0.019
Camera height 2 0.024
Class 5 Grass status 1 0.150
Interaction 2 0.004
Camera height 2 0.954
Class 6 Grass status 1 0.199
Interaction 2 0.007
Camera height 2 0.732
Class 7 Grass status 1 0.048
Interaction 2 0.370
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Camera height 2 0.020
Class 8 Grass status 1 0.006
Interaction 2 0.029
Camera height 2 0.017
Class 9 Grass status 1 0.007
Interaction 2 0.153
Camera height 2 0.003
Class 10 Grass status 1 0.001
Interaction 2 0.004

Only with the greyscale images, differences were directly identifiable on the
histograms of each image (example of sample n°1 on Figure 2).

However for images taken at 30 cm and 40 cm, significant differences were
visible (Table 2) for classes between 2 and 8. Intense dark pixels were more
visible for grass before the cut, which is normal because of the presence of grass
(p<0.0001). Although it was not significant, one can see that lighter pixels are
present after the cuts simulating the passage of the animals (class 6 to class 9).
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Figure 2: Histograms differentiating pre- and post-grazing greyscale images for

sample n°1 at 30, 40 and 50 cm of heights above the ground.

This method has the advantage to be non-destructive as well as to be able to
characterize the sward structure in details. However, to cover the whole pasture,
it would be time-consuming unless representative samples would be taken into
account. Hence, it does not seem quite feasible to use it as the vegetation
counterpart to high rate animal biting monitoring. The other limit of this
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technique is sunlight as it was not possible to take good quality images without a
shade tent. Finally, if the slope of the ground is high, biases might appear on the
images taken at different place on the pasture. The use of tools enabling image
acquisition at a high frequency could cope with this problem knowing that
nowadays devices like drones are fitted with more sophisticated cameras.
Coupled with an accurate location sensor the data could cover in one shot the
whole pasture and improve the determination of the spatial distribution of the
grass.

Conclusions

Histograms of intensity performed on greyscale images could detect differences
between pre- and post-grazing sward. As expected, overall darker pixels were
observed for pre-grazing images and whiter pixels for post-grazing images,
indicating longer distances consistent with lower forage biomass. It could be
concluded that use of camera would be a helpful tool for assessing the grass
heights on pasture. Nevertheless, more automated methods should be
investigated in order to accelerate the image acquisition and to sweep the whole
pasture area reducing the duration of the measurements.
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