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Simple Summary: Measuring animal activity and its evolution in real time is one way of assessing
animal welfare. Passive infrared sensors are a low-cost solution used in weaned piglet farming that
has correlated well with human observation. In addition, using other easily measured variables
that provide data about animal activity in the building, such as illuminance or noise level, is also
relevant. This paper establishes relationships between animal activity as measured by passive infrared
sensors, illuminance and noise levels on a conventional weaned piglet farm. Fitting a cosine model to
three harmonics of animal activity has proven effective in modelling these three variables. Noise level
and illuminance are easily measured variables that can provide reliable information about animal
activity by implementing only one sensor, a sonometer or a lux meter. Unlike passive infrared sensors,
sonometers and lux meters are not affected by the physical barriers that divide the farm.

Abstract: Measuring animal activity and its evolution in real time is useful for animal welfare assess-
ment. In addition, illuminance and noise level are two factors that can improve our understanding
of animal activity. This study aims to establish relationships between animal activity as measured
by passive infrared sensors, and both illuminance and noise level on a conventional weaned piglet
farm. First, regression models were applied, and then cosine models with three harmonics were
developed using least squares with a Generalized Reduced Gradient Nonlinear method. Finally, all
the models were validated. Linear models showed positive correlations, with values between 0.40
and 0.56. Cosine models drew clear patterns of daily animal activity, illuminance and noise level
with two peaks, one in the morning and one in the afternoon, coinciding with human activity inside
the building, with a preference for inactivity at night-time and around midday. Cosine model fitting
revealed strong correlations, both in the measurement and validation periods, for animal activity
(R = 0.97 and 0.92), illuminance (R = 0.95 and 0.91) and noise level (R = 0.99 and 0.92). The developed
models could be easily implemented in animal welfare monitoring systems and could provide useful
information about animal activity through continuous monitoring of illuminance or noise levels.

Keywords: cosine model; animal activity; noise level; illuminance; pig; farm

1. Introduction

The behaviour of pigs is highly influenced by the environment in the building [1],
although it is also affected by other parameters, such as gas concentration, illuminance,
noise, or health problems [2–7]. Animal activity is an important indicator of welfare that
is especially relevant in intensive systems [8] because it is an early gauge for behavioural
changes [9] that are caused by poor environmental conditions in the building or by health
issues, among others [1,5,9–11]. Therefore, measuring animal activity can provide key data
to reduce deficiencies in animal welfare, thus improving production efficiency and enabling
sustainable pig farming [9].
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The activity of pigs during their different growth stages is influenced by various factors
such as breed, health condition, population density, housing system or lighting, among
others. Also, the time of day in which observations are conducted is highly relevant [12]. In
fact, there are substantial differences in the amount of activity of pigs between daytime and
night-time, and their patterns of activity show variations depending on the time of day and
the stage of growth [13]. Daily activity generally fits models with two peaks [8,12,14,15],
although single-peak models have also been found during the first weeks postweaning [14]
or in buildings with natural ventilation [12]. In other studies, daily activity has shown four
daily peaks [13].

Unlike other environmental parameters, such as room temperature, light has not
received enough attention within pig farming. Although inadequate lighting is known to
have a negative impact on the welfare of many animals in captivity [2,16–18], knowledge
of the consequences of different types of illuminance on pig housing is limited. In fact, the
ideal illuminance level is not yet clear [19].

Preferences of growing pigs for different illuminances were found to depend on the
activities undertaken [3,4,10]. However, a number of studies concerned with illuminance
in the building have reported contradictory results in terms of the preference for light or
darkness [20–22]. Whereas [20] suggests that piglets prefer illuminated compartments, [21]
claims the opposite for young pigs, and [22] does not find any preference for illuminated
or non-illuminated pens. Furthermore, it has been proven that high levels of illuminance
increase tolerance to other stressors (elevated concentrations of ammonia and noise) [3],
which contradicts the findings reported by [23], who found less aggressive behaviours in
darker pens.

Photoperiod research has determined that an increase in photoperiod length causes
an increase in feed intake [24,25]. However, no positive effects on growth performance
were found for long photoperiods [26,27], which may be caused by the increase in activity
that occurs when the photoperiod increases [16,26].

Using natural lighting in weaned piglet buildings has proved more beneficial than
using artificial lighting [28] because it reduces competition over feed and the potential
startling effects when lights are turned on or off [27]. Based on the literature review
conducted, although the influence of illuminance on productivity and general animal
behaviour is known [4,29], the ideal illuminance level is not clear, and further research is
needed on this topic [16,19].

Noise level is an expression of the behaviour of the pigs and, for this reason, it conveys
information regarding their current health and welfare situation [30,31]. Currently, there
is a need to establish indicators of animal welfare that may be relevant for professionals,
and also quick and easy to implement. A number of authors have claimed that the level
of noise could be one of those indicators [32,33]. There is hardly any information in the
scientific literature regarding noise levels in pig farming. Accordingly, further research is
needed to determine whether noise level is a suitable variable to draw conclusions about
animal welfare, although it may be one of the indicators of welfare [34].

Some authors have not found evidence that continuous exposure to a noise level
of ~80 dB (A) has negative effects on pigs, which may be due to their quick adaptation
to that noise [3]. In fact, the hypothesis of a relationship between high levels of noise
and animal welfare is not confirmed, which has led to the conclusion that noise levels
under 85 dB do not seem to affect animal welfare [34]. However, repeated exposure to
90 dB may cause stress to growing pigs, affecting productivity and animal welfare [35,36].
Moreover, a correct interpretation of their vocalisations may determine the causes for
a lower level of welfare [37]. The vocalisations and other noises performed by the animals
contain information concerning their emotional, physiological and individual state, which
can prove useful in assessing their health condition and welfare [30,38], as well as the
environment of the stable [39]. This may contribute to the early detection of several
problems such as the outbreak of illnesses, or the prevention of escalations in aggressiveness.
Various authors estimated pig welfare by analysing the sound waves they produced [33,40]
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and even drew a distinction for noises that were caused by pain [41,42]. The time of day
was also proven to have an influence, particularly during feeding [43], with higher levels
of noise detected for pigs that were fed automatically [24].

Various methods have been used to measure animal activity, among which are mi-
crophones [39,44], sensors attached to the animals [45,46], analysis of video footage [47]
and other low-cost practices like passive infrared detectors (PID) [8,14]. These methods
for monitoring and analysing animal behaviour are widely used to quantify levels of an-
imal activity, albeit with the disadvantage of not allowing for individual observation of
animals housed in groups. In general, these methods are used exclusively for research
and require a higher level of development if they are to be used on commercial livestock
farms [14] to improve health and animal welfare or to improve efficiency [48]. Passive
infrared detectors have proved useful and reliable for measuring pig activity, regardless of
the number of animals or the structure of the pen [11], showing strong correlations with
video footage [11,14,15]. Nevertheless, passive infrared detectors pose several problems,
such as placement, physical barriers on farms, area of coverage or the need to normalize
data. On the other hand, even though it is technologically simple, continuous monitoring
of illuminance and noise levels is not a part of current animal welfare monitoring systems.
However, a deeper knowledge of the relationships between these variables and animal
activity could provide an interesting, reliable and affordable tool that is easily implemented
on conventional farms, and that can supply accurate and comparable data for different
types of buildings.

Illuminance and noise level are easily measured variables, which, unlike PID, are not
affected by the physical barriers that divide the farm. Therefore, the aim of this study is to
define linear models that relate animal activity, illuminance, and noise level, and also to
model and validate the daily evolution of those variables based on cosine models that were
previously designed for animal activity in weaned piglets. These models are intended to be
effectively implemented on conventional farms.

2. Materials and Methods
2.1. Housing

Animal activity, illuminance and noise level were measured on a conventional farm
of weaned piglets in Northwest Spain, latitude 43◦0′53′′, longitude 7◦56′50′′. Animals
entered the farm from the farrowing pens after being weaned on 27 February 2017, at
21 days of age and an average weight of 7.05 kg. The weaned piglets stayed in a room for
39 days and were then transferred to the fattening farm on 6 March 2017, with an average
weight of 19.23 kg. Every activity in the production process was performed by farm staff
following the farm protocol, with no interventions by the research team. The selection and
supervision of animals were conducted by the veterinary team of the farm.

A total of 800 piglets were housed in a central room, in order to avoid any edge
effects that could affect indoor climate. The central room was a 13.00 × 14.60 m room with
16 3.20 × 3.20 m pens, with a space allowance of 0.20 m2, suitable for housing 5 animals by
m2. A batch of 50 Large white × Landrace hybrid piglets was housed in the experimental
pen and was used for measurements (Figure 1). The pigs were reared in accordance with
EU Council Directive 2008/120/EC. EU Council Directive 2010/63/EC was not applicable,
because the animals were not reared for scientific purposes, but for productive purposes,
and the environment was not altered for any other reason than taking environmental
measurements. Therefore, no ethical approval of the protocol was required for the present
study. Piglets were fed ad libitum with compound feed provided in a double-humid hopper.
The hopper was filled daily at 01:00, 08:00, 12:00, 16:00 and 20:00 h. Water was supplied
through a nipple drinker placed close to the feeder.
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Figure 1. Plan of the room used for measurements.

The pens, composed of PVC divider panels 0.70 m in height, had fully slatted floors
and a 3.20 × 0.50 m heating plate, under a removable PVC roof placed at a height of 0.70 m
(Figure 1). The ventilation system of the room was based on an individual exhaust fan with
a chimney of 3 m in length and ten 0.58 × 0.40 m automated windows. The inner environ-
ment of the rooms was controlled by a climate control system to maintain the temperature
according to the needs of the animals. During the first week after weaning, a setpoint
temperature of 25 ◦C was assigned, which was gradually reduced and reached 22 ◦C
when the animals left the room. In addition to natural lighting through ten 1.17 × 0.57 cm
windows, artificial lightning was provided on occasion through tubular fluorescent lamps.

2.2. Measurements

Measurements were taken in the experimental pen over two periods. The first period
of measurements (15–22 March) was used for the generation of the models and the second
period (29 March–5 April) was used for the validation of the models. The average live
weights of the animals, as registered at the start and at the end of each period, were: 10.14 kg
on 15 March, 13.16 kg on 22 March, 15.32 kg on 29 March and 18.20 kg on 5 April. Average
feed consumption was 0.49 kg/animal/day during the first period and 0.74 kg/animal/day
during the second period. Between 15 and 18 March, piglets were given prestarter feed.
Between 19 and 21 March, piglets were fed with a combination of prestarter and starter
feeds and, from that moment, they were fed starter feed only. The studied variables were
animal activity (AA), illuminance (L) and noise level (N). Furthermore, temperature (T)
and humidity (RH) were measured in the animal zone, due to their relevance for animal
welfare. Every variable was measured at 1 s intervals and logged at 10 min intervals, with
a total of 1152 observations for each variable in each period.

Animal activity (AA) was measured as the activation time of an infrared detector,
an RX-40QZ detector (OPTEX Europe Ltd., Maidenhead, UK) with a covered area of
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12 × 12 m, a covered angle of 85◦, 78 detection zones and 0.125 s of minimum time of
activity, according to [14]. The activation time of the sensor (s) was stored on a CR-10X
datalogger (Campbell Scientific Ltd., Logan, UT, USA). The PID was placed in a corner of
the weaner room away from the drinker and feeder in order to easily record the movements
near the feeding equipment. In this position, and according to the covered area and angle,
the PID measured activity in the whole pen. The PID was placed at 0.8 m height because of
the need to cover the area under the PVC roof of the heated zone (Figure 1).

Illuminance (L, lx) was measured using a lux meter, HD 2012TAA transmitter (Delta
OHM S.R.L., Caselle di Selvazzano, Italy), with a range from 0.02 to 2 klux, current output
4–20 mA, power supply 10–40 Vdc, working temperature −20–60 ◦C, IP66. The lux meter
was placed at a height of 1.8 m in the central area of the room, above the experimental
pen (Figure 1). Data were stored in a data logger HOBO-22 (Onset Computer Corporation,
Bourne, MA, USA).

The noise level (N, dB) was measured with a sonometer CR–822 B (PCE Iberica S.L.,
Tobarra, Spain), IEC 61672-1:2003, class 2, group X, ±1.5 dB accuracy, frequency range of
the microphone 5 Hz–16 kHz, ±2 dB range of measurement, broadband of 25 dB (A) at
140 dB (A), 16 Mbites of memory and 6 V DC power supply. The sonometer was placed at
a height of 1.8 m in the central area of the room, above the experimental pen (Figure 1)

Temperature (T, ◦C) and relative humidity (RH, %) in the animal-occupied zone were
measured with a temperature/relative humidity sensor, with 40–75 ◦C measurement range,
+/−0.21 ◦C accuracy over the range 0–50 ◦C, and 0–100%, and ±2.50% accuracy over the
range of 10–90% (model S-THB-M008 sensor, Onset Computer Corporation, Bourne, MA,
USA). The sensor was installed in the control pen at 0.40 m height inside a metal structure
that protected the equipment against aggressions from animals (Figure 1). Data were stored
in a data logger HOBO-22 (Onset Computer Corporation, Bourne, MA, USA).

The divisions of the boxes limited PID measurements to the experimental pen, but
measurements of illuminance and noise level were taken for all the animals in the room.

2.3. Data Analysis

First, a descriptive analysis of the variables was performed. Subsequently, pairwise lin-
ear models were developed for the three variables. Then, the daily variation of the variables
was analysed by developing cosine models. Finally, the models were validated. Animal
activity data were scaled to values between 0 and 1 to enable analysis and comparison with
the values reported by other authors. The analysis was performed with Excel 2016.

2.3.1. Regression Models

A pairwise regression analysis was performed between the three variables at a 95%
confidence level. Such analysis provided the coefficient of multiple correlation, the coeffi-
cient of determination R2, the adjusted R2 and the standard error. Additionally, variance
analysis yielded F and the critical value of F.

2.3.2. Cosine Models

Data were fitted to daily evolution patterns. Patterns of animal activity with two daily
peaks were used. This function is represented mathematically by an expression that has
a constant part and three summands as a function of the cosine and time, according to the
form [14]:

AA = A0 + A1cos(2π/24t + ϕ1) + A2cos(4π/24t + ϕ2) + A3cos(6π/24t + ϕ3) (1)

where:
A0 is the independent term,
t is time in hours.
A1, A2 and A3 are the amplitudes of the first, second and third harmonic for periods

of 24 h, 12 h and 8 h, respectively.
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ϕ1, ϕ2 and ϕ3 are the initial phase angles for the first, second and third harm-
onic, respectively.

The three variables (AA, L and N) were fitted to expression (1). Firstly, daily average
data were calculated and a moving average filter with a value of 6 was used to smooth the
curves. Secondly, average values were calculated every ten minutes to provide an average
daily evolution pattern [49]. Thirdly, least square fitting yielded the amplitude for every
harmonic Ai and the angles ϕi in expression (1) for every variable. This nonlinear problem
was solved by applying one of the most popular methods to solve problems of nonlinear
optimization, the Generalized Reduced Gradient (GRG) Method, requiring only that the
objective function is differentiable [50]. A restriction of between 0◦ and 360◦ was used for
angles and a restriction between 0 and 1 for cosine functions.

The goodness of fit for the generation and the validation of the model was defined by
the coefficient of multiple correlation, the coefficient of determination R2, the adjusted R2

and the standard error.

2.3.3. Validation of the Models

Models were applied to the validation period. The validation of the model was defined
by the coefficient of multiple correlation, the coefficient of determination R2, the adjusted
R2 and the standard error between measured and simulated values.

3. Results and Discussion

Table 1 shows statistical data for the sample composed of 1152 observations during
the modelling period of the following variables: AA, scaled between the values 0 and 1, L
(lx), N (dB), T (◦C) and RH (%).

Table 1. Statistical data for animal activity (AA), illuminance (L), noise level (N), temperature (T) and
relative humidity (RH) during the modelling period (March 15 to March 22).

Statistic
Modelling Period

AA L (lx) N (dB) T (◦C) RH (%)

Mean 0.343 37.122 65.559 25.052 61.305
Standard deviation 0.221 24.573 4.625 0.872 5.671

Range 0.812 103.900 27.300 7.277 54.800
Minimum 0.000 20.320 55.700 20.007 38.800
Maximum 0.812 124.220 83.000 27.284 93.600

Animal activity is scaled to 1, but it ranges from 0.00 to 0.81 (Table 1), such that there
are no 10 min intervals with continuous activity (Figure 2a). The evolution of animal activity
shows lower values during the night and higher values during the day, with several daily
peaks and a high oscillation between measurements. Illuminance shows a value between
20.32 and 124.22 lx. The lowest value occurs during the night and increases abruptly
(Figure 2b). The level of noise is in the range between 55.70 and 83.00 dB. Temperature
oscillates between 20.01 and 27.28 ◦C, with an average value of 25.05 ◦C and a standard
deviation of 0.87 ◦C. Relative humidity shows values in the range of 38.80% to 93.60%, with
an average value of 61.31% and a standard deviation of 5.67.

Illuminance values fall within the range reported in other studies [3,28]. The noise
level only surpassed 73.87 dB for 4 h and 80.18 dB for 30′, which are the values established
by [51] to identify that pigs are thirsty and hungry or stressed due to heat. Average values
of illuminance and noise level are above 40 lx and under 85 dB (A), the values established
by Council Directive 2008/120/EC of 18 December 2008. Temperature values are within
the intervals set by [52], between 32 ◦C and 19 ◦C, for weaned piglets from 5 to 20 kg. The
temperature exceeds the values found by [53] for 19 h and 10′ between 24 and 26 ◦C for the
studied age. The relative humidity is stable and falls within the recommended values of 50
and 75% [54], with the exception of a period of 3 h and 10′, when the maximum value was
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reached. Therefore, the conditions on the farm are suitable for the variables of illuminance,
noise level, temperature and relative humidity and, accordingly, for animal welfare.
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Figure 2. Evolution of (a) animal activity (AA), (b) illuminance (L) and (c) noise level (N) during the
modelling period from 15 to 22 March 2017.
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The evolution of animal activity, illuminance and noise during the modelling period is
shown in Figure 2.

The evolution of the variables (Figure 2) shows that there is daily periodicity. In
line with most of the behaviours of growing pigs described in [12], the three studied
variables show a periodic pattern. Nevertheless, the behaviour of the variables during
the day shows differences, because illuminance has one daily peak, while activity and
noise level have two peaks (morning and afternoon), responding to a light–dark pattern
of lighting regime [2,11]. The evolution of animal activity shows lower values during the
night and greater values during the day, but the large variations in measurements hinder
the visualization of a clear daily pattern (Figure 2a). The daily variation of noise level
shows a certain parallel with animal activity, although the wave is more stable (Figure 2a,c).

3.1. Regression Models

Positive correlations were obtained between all the pairs of variables (Table 2). Despite
the parallelism found between the evolution of animal activity and noise level, the strongest
linear relation was found between illuminance and noise level (R = 0.50), while lower values
were obtained between illuminance and animal activity (R = 0.40). In all cases, correlations
were significant. This analysis confirms that the three variables are related, although linear
models explain their evolution only in part due to their great complexity.

Table 2. Summary of regression models and variance analysis for animal activity (AA), illuminance
(L), and noise level (N). Coefficient of correlation (R), coefficient of determination (R2), adjusted R2

and standard error (SE).

Statistic AA, L AA, N N, L

Intercept 0.210 −1.058 62.084
Slope 0.004 0.021 0.094

R 0.397 0.448 0.500
R2 0.158 0.201 0.250

Adjusted R2 0.157 0.200 0.249
SE 0.203 0.197 4.007
F 215.678 286.275 399.768

Critical value of F 7.020 × 10−45 1.822 × 10−57 3.134 × 10−73

α = 0.05.

3.2. Cosine Models

Cosine model fitting yielded valid time patterns, according to Equation (1). Table 3
shows the coefficients and angles for each of the variables.

Figure 3 shows the measured wave, the wave fitting, and the three harmonics that
form the wave. Applying a cosine model draws clear patterns of daily animal activity,
illuminance and noise level with two peaks, one in the morning and one in the afternoon.
In the case of illuminance, the second peak is much softer.

Table 3. Coefficients and angles of the cosine model for animal activity (AA), illuminance (L), and
noise level (N).

Amplitude and Argument AA L (lx) N (dB)

A0 0.340 36.530 65.689
A1 0.162 21.969 5.400
A2 0.025 6.095 0.534
A3 0.083 8.277 1.936

ϕ1 (rad) 2.490 2.821 2.086
ϕ2 (rad) 3.505 0.092 2.453
ϕ3 (rad) 5.019 4.430 3.982
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Cosine model fitting resulted in the independent term A0 matching the average value.
The amplitude of the first harmonic (A1) always had the highest value, which suggests that
the light–dark pattern has a greater influence on the piglets than other variables (Table 3).
The third harmonic is more relevant for every variable than the second one (A3 > A2), but
amplitude is almost identical for illuminance and much higher for animal activity and
noise (Figure 3b,d,f).

The analysis of the first harmonic reveals that the wave of illuminance is forward, as
compared to the waves of activity and noise level, because its angle is greater (Table 3).
Therefore, light can be considered as a generating factor of activity that causes a response
in piglets that is delayed by 1 h 20′ for activity and 2 h 50′ for noise levels (Figure 3b,d,f). In
contrast, in the second harmonic, the wave of lighting is delayed in comparison to the waves
for animal activity (5 h 30′) and noise level (4 h 30′). The analysis of the third harmonic
shows that illuminance is delayed by 40′ and that the noise level is delayed by 1 h 20′ as
compared to animal activity. In the three harmonics, activity precedes noise level, possibly
due to habits regarding feeding, water intake or games. Therefore, the time of day is
essential because of the sharp differences in animal behaviour.

Table 4 summarizes the results of the cosine model fitting to the studied variables. The
low R2 values obtained in regression analysis improved notably when using cosine models,
with high R2 for the three variables. Thus, cosine models can be a useful tool to study and
predict these variables.

Table 4. Goodness of fit of the cosine model for illuminance (L), animal activity (AA) and noise level
(N) during the modelling period: 15–22 March 2017. Coefficient of correlation (R), coefficient of
determination (R2), adjusted R2 and standard error (SE).

Statistic AA L (lx) N (dB)

R 0.971 0.952 0.991
R2 0.944 0.906 0.982

Adjusted R2 0.943 0.906 0.982
SE 0.031 5.289 0.554

α = 0.05.

Whereas other authors presented models with up to four daily peaks [13], in this
research, animal behaviour shows a pattern with two daily peaks [8,12,14,15], coinciding
with human activity inside the building, with a preference for inactivity when there is less
light [2,55] and around midday [12,14]. These two peaks occur after the distribution of feed
(08:00 h, 12:00 h and 16:00 h), which may be the cause for such peaks, in agreement with the
evolution of the third harmonic. However, there is not a similar response to the distribution
of feed during night-time (01:00 h and 20:00 h). Like other models that have been developed
for six different behaviours, with an approximate period of 22 h [12], the generated models
can be applied to animal activity, illuminance and noise level with a fundamental period of
24 h and two harmonics (12 h and 8 h of a period, Figure 3).

In this study, conducted in conditions of natural lighting indoors, the arrival of the
day involves an abrupt increase in illuminance, which is not perceived immediately by
the animals, insofar as activity levels increase afterwards and in a more gradual manner
(Figure 3a,c). Two levels of diurnal lighting are defined, around 80 lx in the morning and
50 lx in the afternoon (Figure 3c), when activity mostly exceeds the average value (0.3,
Figure 3a). Under 40 lx, the minimum prescribed by Council Directive 2008/120/EC of
18 December 2008, activity is always below the average. After the first peak of activity
during the morning, piglets are able to rest even with high values of illuminance, which
is in contrast to the findings reported by [19], who found a higher level of activity for
several hours in the middle of the day that were associated to a higher level of illuminance.
Lighting levels in both studies were quite different (124.22 vs. 600 lx).
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(b,d,f) the three harmonics of the model for the variables, (a,b) animal activity (AA), (c,d) illuminance
(L, lx) and (e,f) noise level (N, dB), during the modelling period.

Noise level and illuminance are easily measured variables that could provide reliable
information about animal activity by implementing a single sensor. When direct mea-
surements of the activity of a batch housed in a room are required, PIDs and sonometers
provide very similar data, but the noise level is a bit delayed in comparison to the response
of the PID (between 1 h and 1 h 30′).
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3.3. Validation of the Models

The validation of the linear model shows very similar results to the results obtained
during the modelling period (Table 5).

Table 5. Results of the validation of linear models during the validation period: 29 March 2017–5 April
2017. Animal activity (AA), illuminance (L), noise level (N), coefficient of correlation (R), coefficient
of determination (R2), adjusted R2 and standard error (SE).

Statistic AA, L AA, N N, L

R 0.446 0.560 0.505
R2 0.199 0.314 0.255

Adjusted R2 0.198 0.313 0.255
SE 0.094 0.164 4.107

α = 0.05.

The application of cosine models showed a good fit during the validation period, as
suggested by the statistics in Table 6.

Table 6. Results of the validation of cosine models for animal activity (AA), illuminance (L), and
noise level (N) during the validation period: 29 March 2017–5 April 2017. Coefficient of correlation
(R), coefficient of determination (R2), adjusted R2 and standard error (SE).

Statistic AA L (lx) N (dB)

R 0.921 0.913 0.918
R2 0.848 0.833 0.842

Adjusted R2 0.847 0.832 0.841
SE 0.051 7.051 1.630

α = 0.05.

The good results obtained during the development of the model are confirmed by the
validation of the model in another period, where R values range between 0.91 and 0.92 and
average errors are higher than in the model development phase.

4. Conclusions

The following conclusions can be drawn from the analysis of the results of the experi-
mental test, conducted in a weaner building in conditions of natural lighting indoors:

1. The linear models for the relationship between animal activity, illuminance and noise
level confirm that these variables are linearly related, with correlation coefficients
between 0.40 and 0.50 in the modelling period and between 0.45 and 0.56 in the
validation period.

2. Applying a cosine model with three harmonics draws clear patterns of daily animal
activity, illuminance and noise level with two peaks, one in the morning and one in
the afternoon, coinciding with human activity inside the building, with a preference
for inactivity at night and around midday. Cosine models yielded correlation values
between 0.95 and 0.99 in the modelling period and between 0.91 and 0.92 in the
validation period.

3. The amplitude of the first harmonic (T = 24 h) always showed the highest value,
which suggests that the light–dark pattern has a greater influence on the piglets than
other variables. The second (T = 12 h) and third (T = 8 h) harmonics, with shorter
amplitudes, are related to daily activities of the animals, such as feeding, water intake
or games.

4. Because of the simplicity of the developed models, they could be easily implemented
in animal welfare monitoring systems, providing useful information about animal
activity through continuous monitoring of illuminance or noise levels.



Animals 2023, 13, 3257 12 of 14

Author Contributions: Conceptualization, M.D.F. and M.R.R.; methodology, M.D.F., R.B. and
M.R.R.; software, M.D.F. and R.B.; validation, M.D.F., R.B. and M.R.R.; formal analysis, M.D.F.,
T.A. and M.R.R.; investigation, M.D.F., T.A. and M.R.R.; data curation, M.D.F., T.A. and M.R.R.;
writing—original draft preparation, M.R.R.; writing—review and editing, M.D.F.; supervision, M.D.F.
and M.R.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Xunta de Galicia, grant number ED431B 2021/08.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the pigs were reared in accordance with EU Council Directive 2008/120/EC. EU Council Directive
2010/63/EC was not applicable, because the animals were not reared for scientific purposes, but
for productive purposes, and the environment was not altered for any other reason than taking
environmental measurements.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Larsen, M.L.V.; Bertelsen, M.; Pedersen, L.J. Pen fouling in finisher pigs: Changes in the lying pattern and pen temperature prior

to fouling. Front. Vet. Sci. 2019, 6, 118. [CrossRef]
2. Taylor, N.; Prescott, N.; Perry, G.; Potter, M.; Le Sueur, C.; Wathes, C. Preference of growing pigs for illuminance. Appl. Anim.

Behav. Sci. 2006, 96, 19–31. [CrossRef]
3. O’Connor, E.A.; Parker, M.O.; McLeman, M.A.; Demmers, T.G.; Lowe, J.C.; Cui, L.; Davey, E.L.; Owen, R.C.; Wathes, C.M.;

Abeyesinghe, S.M. The impact of chronic environmental stressors on growing pigs, Sus scrofa (Part 1): Stress physiology,
production and play behaviour. Animal 2010, 4, 1899–1909. [CrossRef]

4. Opderbeck, S.; Keßler, B.; Gordillo, W.; Schrade, H.; Piepho, H.P.; Gallmann, E. Influence of increased light intensity on the
acceptance of a solid lying area and a slatted elimination area in fattening pigs. Agriculture 2020, 10, 56. [CrossRef]

5. Munsterhjelm, C.; Heinonen, M.; Valros, A. Effects of clinical lameness and tail biting lesions on voluntary feed intake in growing
pigs. Livest. Sci. 2015, 181, 210–219. [CrossRef]

6. Kim, Y.J.; Song, M.H.; Lee, S.I.; Lee, J.H.; Oh, H.J.; An, J.W.; Chang, S.Y.; Go, Y.B.; Park, B.J.; Jo, M.S.; et al. Evaluation of pig
behavior changes related to temperature, relative humidity, volatile organic compounds, and illuminance. J. Anim. Sci. Technol.
2021, 63, 790–798. [CrossRef]

7. Parker, M.O.; O’Connor, E.A.; McLeman, M.A.; Demmers, T.G.M.; Lowe, J.C.; Owen, R.C.; Davey, E.L.; Wathes, C.M.; Abeyesinghe,
S.M. The impact of chronic environmental stressors on growing pigs, Sus scrofa (Part 2): Social behaviour. Animal 2010, 4,
1910–1921. [CrossRef]

8. Besteiro, R.; Arango, T.; Ortega, J.; Fernández, M.D.; Rodríguez, M.R. Long-Term Measurement of Piglet Activity Using Passive
Infrared Detectors. Animals 2021, 11, 1607. [CrossRef]

9. Matthews, S.G.; Miller, A.L.; Clapp, J.; Plötz, T.; Kyriazakis, I. Early detection of health and welfare compromises through
automated detection of behavioural changes in pigs. Vet. J. 2016, 217, 43–51. [CrossRef]

10. Larsen, M.L.V.; Andersen, H.M.L.; Pedersen, L.J. Can tail damage outbreaks in the pig be predicted by behavioural change? Vet. J.
2016, 209, 50–56. [CrossRef]

11. Drexl, V.; Siebler, D.; Dittrich, I.; Heins, R.; Diers, S.; Krieter, J. Use of a digital passive infrared motion detector in piglet rearing
for the identification of animal activity. Smart Agric. Technol. 2023, 4, 100228. [CrossRef]

12. Villagrá, A.; Althaus, R.L.; Lainez, M.; Martinez, A.B.; Torres, A.G. Modelling of daily rhythms of behavioural patterns in growing
pigs on two commercial farms. Biol. Rhythm. Res. 2007, 38, 347–354. [CrossRef]

13. Ni, J.Q.; Liu, S.; Radcliffe, J.S.; Vonderohe, C. Evaluation and characterisation of Passive Infrared Detectors to monitor pig
activities in an environmental research building. Biosyst. Eng. 2017, 158, 86–94. [CrossRef]

14. Besteiro, R.; Arango, T.; Rodríguez, M.R.; Fernández, M.D.; Velo, R. Estimation of patterns in weaned piglets’ activity using
spectral analysis. Biosyst. Eng. 2018, 173, 85–92. [CrossRef]

15. Von Jasmund, N.; Wellnitz, A.; Krommweh, M.S.; Büscher, W. Using passive infrared detectors to record group activity and
activity in certain focus areas in fattening pigs. Animals 2020, 10, 792. [CrossRef]

16. Liu, K.; Liu, L.; Tai, M.; Yao, W.; Shen, M. Light from heat lamps affects sow behaviour and piglet salivary melatonin levels.
Animals 2022, 16, 100534. [CrossRef]

17. Martelli, G.; Nannoni, E.; Grandi, M.; Bonaldo, A.; Zaghini, G.; Vitali, M.; Biagi, G.; Sardi, L. Growth parameters, behavior, and
meat and ham quality of heavy pigs subjected to photoperiods of different duration. J. Anim. Sci. 2015, 93, 758–766. [CrossRef]

18. Peña-García, A.; Salata, F. The perspective of Total Lighting as a key factor to increase the Sustainability of strategic activities.
Sustainability 2020, 12, 2751. [CrossRef]

https://doi.org/10.3389/fvets.2019.00118
https://doi.org/10.1016/j.applanim.2005.04.016
https://doi.org/10.1017/S1751731110001072
https://doi.org/10.3390/agriculture10030056
https://doi.org/10.1016/j.livsci.2015.09.003
https://doi.org/10.5187/jast.2021.e89
https://doi.org/10.1017/S1751731110001084
https://doi.org/10.3390/ani11061607
https://doi.org/10.1016/j.tvjl.2016.09.005
https://doi.org/10.1016/j.tvjl.2015.12.001
https://doi.org/10.1016/j.atech.2023.100228
https://doi.org/10.1080/09291010600950131
https://doi.org/10.1016/j.biosystemseng.2017.03.014
https://doi.org/10.1016/j.biosystemseng.2017.06.014
https://doi.org/10.3390/ani10050792
https://doi.org/10.1016/j.animal.2022.100534
https://doi.org/10.2527/jas.2014-7906
https://doi.org/10.3390/su12072751


Animals 2023, 13, 3257 13 of 14

19. Götz, S.; Raoult, C.; Reiter, K.; Wensch-Dorendorf, M.; von Borell, E. Lying, feeding and activity preference of weaned piglets for
LED-illuminated vs. dark pen compartments. Animals. 2022, 12, 202. [CrossRef]

20. Tanida, H.; Miura, A.; Tanaka, T.; Yoshimoto, T. Behavioral responses of piglets to darkness and shadows. Appl. Anim. Behav. Sci.
1996, 49, 173–183. [CrossRef]

21. Andersen, I.L.; Færevik, G.; Bøe, K.E.; Janczak, A.M.; Bakken, M. Effects of diazepam on the behaviour of weaned pigs in three
putative models of anxiety. Appl. Anim. Behav. Sci. 2000, 68, 121–130. [CrossRef] [PubMed]

22. Christison, G.I.; Gonyou, H.W.; Sarvas, L.G.; Glover, N.D. The roles of light and carpet in attracting newborn piglets to warm
creep areas. Can. J. Anim. Sci. 2000, 80, 763.

23. Barnett, J.L.; Cronin, G.M.; McCallum, T.H.; Newman, E.A. Effects of food and time of day on aggression when grouping
unfamiliar adult pigs. Appl. Anim. Behav. Sci. 1994, 39, 339–347. [CrossRef]

24. Bruininx, E.M.A.M.; Heetkamp, M.J.W.; Van den Bogaart, D.; Van der Peet-Schwering, C.M.C.; Beynen, A.C.; Everts, H.; den
Hartog, L.A.; Schrama, J.W. A prolonged photoperiod improves feed intake and energy metabolism of weanling pigs. J. Anim.
Sci. 2002, 80, 1736–1745. [CrossRef] [PubMed]

25. Von Wachenfelt, H.; Vakouli, V.; Diéguez, A.P.; Gentile, N.; Dubois, M.C.; Jeppsson, K.H. Lighting energy saving with light pipe
in farm animal production. J. Daylight. 2015, 2, 21–31. [CrossRef]

26. Lachance, M.P.; Laforest, J.P.; Devillers, N.; Laperrière, A.; Farmer, C. Impact of an extended photoperiod in farrowing houses on
the performance and behaviour of sows and their litters. Can. J. Anim. Sci. 2010, 90, 311–319. [CrossRef]

27. Reiners, K.; Hessel, E.F.; Sieling, S.; Van den Weghe, H.F. Influence of photoperiod on the behavior and performance of newly
weaned pigs with a focus on time spent at the feeder, feed disappearance, and growth. J. Swine Health Prod. 2010, 18, 230–238.

28. Niekamp, S.R.; Sutherland, M.A.; Dahl, G.E.; Salak-Johnson, J.L. Immune responses of piglets to weaning stress: Impacts of
photoperiod. J. Anim. Sci. 2007, 85, 93–100. [CrossRef]

29. Feddes, J.J.R.; Young, B.A.; DeShazer, J.A. Influence of temperature and light on feeding behaviour of pigs. Appl. Anim. Behav. Sci.
1989, 23, 215–222. [CrossRef]

30. Vandermeulen, J.; Bahr, C.; Tullo, E.; Fontana, I.; Ott, S.; Kashiha, M.; Guarino, M.; Moons, C.P.H.; Tuyttens, F.A.M.; Niewold, T.A.;
et al. Discerning pig screams in production environments. PLoS ONE 2015, 10, e0123111. [CrossRef]

31. Hillmann, E.; Mayer, C.; Schön, P.C.; Puppe, B.; Schrader, L. Vocalisation of domestic pigs (Sus scrofa domestica) as an indicator
for their adaptation towards ambient temperatures. Appl. Anim. Behav. Sci. 2004, 89, 195–206. [CrossRef]

32. Ferrari, S.; Silva, M.; Guarino, M.; Aerts, J.M.; Berckmans, D. Cough sound analysis to identify respiratory infection in pigs.
Comput. Electron. Agric. 2008, 64, 318–325. [CrossRef]

33. Moura, D.J.; Silva, W.T.; Naas, I.A.; Tolón, Y.A.; Lima, K.A.O.; Vale, M.M. Real time computer stress monitoring of piglets using
vocalization analysis. Comput. Electron. Agric. 2008, 64, 11–18. [CrossRef]

34. Wegner, B.; Spiekermeier, I.; Nienhoff, H.; Große-Kleimann, J.; Rohn, K.; Meyer, H.; Plate, H.; Gerhardy, H.; Kreienbrock, L.;
Beilage, E.G.; et al. Status quo analysis of noise levels in pig fattening units in Germany. Livest. Sci. 2019, 230, 103847. [CrossRef]

35. Otten, W.; Kanitz, E.; Puppe, B.; Tuchscherer, M.; Brüssow, K.P.; Nürnberg, G.; Stabenow, B. Acute and long term effects of chronic
intermittent noise stress on hypothalamic-pituitary-adrenocortical and sympatho-adrenomedullary axis in pigs. Anim. Sci. 2004,
78, 271–283. [CrossRef]

36. Kanitz, E.; Otten, W.; Tuchscherer, M. Central and peripheral effects of repeated noise stress on hypothalamic–pituitary–
adrenocortical axis in pigs. Livest. Prod. Sci. 2005, 94, 213–224. [CrossRef]

37. Adamczyk, K.; Górecka-Bruzda, A.; Nowicki, J.; Gumulka, M.; Molik, E.; Schwarz, T.; Earley, B.; Klocek, C. Perception of
environment in farm animals-A review. Ann. Anim. Sci. 2015, 15, 565–589. [CrossRef]

38. Ferrari, S.; Costa, A.; Guarino, M. Heat stress assessment by swine related vocalizations. Livest. Sci. 2013, 151, 29–34. [CrossRef]
39. Nan, J.I.; Yanling, Y.I.N.; Weizheng, S.H.E.N.; Shengli, K.O.U.; Baisheng, D.A.I.; Guowei, W.A.N.G. Pig Sound Analysis: A Measure

of Welfare. Smart Agric. 2022, 4, 19–35.
40. Exadaktylos, V.; Silva, M.; Aerts, J.M.; Taylor, C.J.; Berckmans, D. Real-time recognition of sick pig cough sounds. Comput. Electron.

Agric. 2008, 63, 207–214. [CrossRef]
41. Cordeiro, A.F.D.S.; Nääs, I.D.A.; Oliveira, S.R.D.M.; Violaro, F.; Almeida, A. Efficiency of distinct data mining algorithms for

classifying stress level in piglets from their vocalization. Eng. Agricola. 2012, 32, 208–216. [CrossRef]
42. Leidig, M.S.; Hertrampf, B.; Failing, K.; Schumann, A.; Reiner, G. Pain and discomfort in male piglets during surgical castration

with and without local anaesthesia as determined by vocalisation and defence behaviour. Appl. Anim. Behav. Sci. 2009, 116,
174–178. [CrossRef]

43. Sistkova, M.; Broucek, J.J.; Bartos, P. Influence of selected factors on sound levels inside and outside of pig barns. Appl. Eng. Agric.
2016, 32, 401–407.

44. Berckmans, D. General introduction to precision livestock farming. Anim. Front. 2017, 7, 6–11. [CrossRef]
45. Thompson, R.J.; Matthews, S.; Plötz, T.; Kyriazakis, I. Freedom to lie: How farrowing environment affects sow lying behaviour

assessment using inertial sensors. Comput. Electron. Agric. 2019, 157, 549–557. [CrossRef]
46. Johnson, J.S.; Shade, K.A. Characterizing body temperature and activity changes at the onset of estrus in replacement gilts. Livest.

Sci. 2017, 199, 22–24. [CrossRef]
47. Costa, A.; Ismayilova, G.; Borgonovo, F.; Viazzi, S.; Berckmans, D.; Guarino, M. Image-processing technique to measure pig

activity in response to climatic variation in a pig barn. Anim. Prod. Sci. 2013, 54, 1075–1083. [CrossRef]

https://doi.org/10.3390/ani12020202
https://doi.org/10.1016/0168-1591(96)01039-8
https://doi.org/10.1016/S0168-1591(00)00098-8
https://www.ncbi.nlm.nih.gov/pubmed/10771320
https://doi.org/10.1016/0168-1591(94)90167-8
https://doi.org/10.2527/2002.8071736x
https://www.ncbi.nlm.nih.gov/pubmed/12162640
https://doi.org/10.15627/jd.2015.5
https://doi.org/10.4141/CJAS09113
https://doi.org/10.2527/jas.2006-153
https://doi.org/10.1016/0168-1591(89)90112-3
https://doi.org/10.1371/journal.pone.0123111
https://doi.org/10.1016/j.applanim.2004.06.008
https://doi.org/10.1016/j.compag.2008.07.003
https://doi.org/10.1016/j.compag.2008.05.008
https://doi.org/10.1016/j.livsci.2019.103847
https://doi.org/10.1017/S1357729800054060
https://doi.org/10.1016/j.livprodsci.2004.12.002
https://doi.org/10.1515/aoas-2015-0031
https://doi.org/10.1016/j.livsci.2012.10.013
https://doi.org/10.1016/j.compag.2008.02.010
https://doi.org/10.1590/S0100-69162012000200001
https://doi.org/10.1016/j.applanim.2008.10.004
https://doi.org/10.2527/af.2017.0102
https://doi.org/10.1016/j.compag.2019.01.035
https://doi.org/10.1016/j.livsci.2017.03.004
https://doi.org/10.1071/AN13031


Animals 2023, 13, 3257 14 of 14

48. Racewicz, P.; Ludwiczak, A.; Skrzypczak, E.; Składanowska-Baryza, J.; Biesiada, H.; Nowak, T.; Nowaczewski, S.; Zaborowicz,
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