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ABSTRACT: Thermal and air conditions inside animal facilities change during the day due to the
influence of the external environment. For statistical and geostatistical analyses to be representative,
a large number of points spatially distributed in the facility area must be monitored. This work
suggests that the time variation of environmental variables of interest for animal production,
monitored within animal facility, can be modeled accurately from discrete-time records. The aim of
this study was to develop a numerical method to correct the temporal variations of these
environmental variables, transforming the data so that such observations are independent of the time
spent during the measurement. The proposed method approached values recorded with time delays
to those expected at the exact moment of interest, if the data were measured simultaneously at the
moment at all points distributed spatially. The correction model for numerical environmental
variables was validated for environmental air temperature parameter, and the values corrected by
the method did not differ by Tukey’s test at 5% significance of real values recorded by data loggers.
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METODO DE CORRECAO NUMERICA DOS ERROS OCASIONADOS PELA
DEFASAGEM DE TEMPO DOS REGISTROS DURANTE O MONITORAMENTO DE
VARIAVEIS AMBIENTAIS DE INTERESSE A PRODUCAO ANIMAL

RESUMO: As condicGes de ambiente térmico e aéreo, no interior de instalagdes para animais,
alteram-se durante o dia, devido a influéncia do ambiente externo. Para que analises estatisticas e
geoestatisticas sejam representativas, uma grande quantidade de pontos distribuidos espacialmente
na area da instalacdo deve ser monitorada. Este trabalho propde que a variagdo no tempo das
variaveis ambientais de interesse para a producdo animal, monitoradas no interior de instalaces
para animais, pode ser modelada com precisdo a partir de registros discretos no tempo. O objetivo
deste trabalho foi desenvolver um método numérico para corrigir as variagdes temporais dessas
variaveis ambientais, transformando os dados para que tais observacdes independam do tempo
gasto durante a afericdo. O método proposto aproximou os valores registrados com retardos de
tempo aos esperados no exato momento de interesse, caso 0s dados fossem medidos
simultaneamente neste momento em todos os pontos distribuidos espacialmente. O modelo de
correcdo numerica para variaveis ambientais foi validado para o pardmetro ambiental temperatura
do ar, sendo que os valores corrigidos pelo método ndo diferiram pelo teste Tukey, a 5% de
probabilidade dos valores reais registrados por meio de dataloggers.
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INTRODUCTION

Animals require adequate environmental conditions in order to perform at their maximum
production capacity (TOLON et al., 2010). However, the conditions of thermal environment and air
within the animal facilities change during the day, mainly due to the influence of the external
environment. In extreme cases, the environment in the interior of a facility can change from being
ideal to a hostile condition, or the other way around, in a short period of time.

The spatial variability of variables related to thermal environment (CARVALHO et al., 2007;
FARIA et al., 2008; MIRAGLIOTTA et al., 2006; PEREIRA et al., 2008), noise (BORGES et al.,
2010) and litter quality (MILES et al., 2006; TASISTRO et al., 2004) in facilities of intensive
animal production have been widely researched. These studies are important to understand how
acclimatization systems and different litter materials influence the environment inside the facility,
where one can expect localized production losses (MIRAGLIOTTA et al., 2006; PEREIRA et al.,
2008) and propose improvement measures and new facility designs for intensive production
systems (FARIA et al., 2008).

For statistical and geostatistical analyses to be representative, a large number of points
spatially distributed in the facility area should be monitored (CARVALHO, 2010; MANZIONE,
2002). Depending on the environmental variables of interest, acquisition of sensors with data
loggers is very expensive. In these cases, several authors have used the same instrument to measure
the full extent of the facility, walking through the area and recording the values in previously
marked points (BARATO et al.,, 2008; CARVALHO et al., 2007; MILES et al., 2006;
MIRAGLIOTTA et al., 2006; PEREIRA et al., 2008). Nevertheless, in this type of methodology,
there is a time delay between the first and last collection, which should not be neglected, since the
conditions of environmental variables changes inside the facility during this period (BARATO et
al., 2008; CARVALHO, 2010).

BARATO et al. (2008) proposed a methodology to correct the values of variables measured
inside cages of laying hens in production. In that work, the authors considered that the time
variation of environmental variables of interest was linear between the beginning and the end of
measurements, and to make corrections, repeated at the end of data collection in the first
measurement point. Therefore, a linear relationship was defined between the first and the last
measurement and all data were adjusted for the facility. However, in the same work, the authors
stated that the considerations initially assumed might not be absolutely accurate and that a more
appropriate methodology should be proposed.

The correction value represents a legitimate concern regarding data variability along time, as
noted in publications that the time it takes to complete one cycle of records within a facility of
intensive animals production, can reach more than 2h (CARVALHO, 2010; MILES et al., 2006).
PEREIRA et al. (2008) observed variations of up to 2.5 °C between the beginning and the end of
data collection in egg production.

It is well known that the external environment is dynamic and influences the internal
environment of the animal facility, even if the installation is equipped with acclimatization system
(MIRAGLIOTTA et al., 2006; TINOCO, 2001). Thus, in the impracticality of simultaneous
recording all sampling points within the facility, a method for correcting the records should be used.

The work herein thus proposes that the time variation of the environmental variables of
interest for animal production, monitored inside animal facilities, can be accurately modeled from
discrete time records. The objective of this study was to develop a numerical method to correct the
temporal variations of these environmental variables, using data transformation so that such
observations are independent of the time spent during the measurements.
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MATERIAL AND METHODS

The variability of a given environmental parameter can be irregular and mathematically
difficult to model. To solve this problem, we propose a method in two steps:

i) Monitor systematically one or more strategic and representative points of larger regions
within the facility.

i) Make corrections of the numerical values measured for a desired time considering the
variation observed in the points monitored in (i).

Systematic monitoring of one or more points representative of larger areas inside the facility
can be accomplished by means of data loggers or a manual tool. In the points chosen to represent
the regions inside the facility, it has been defined that the smaller the interval between
measurements the more accurate the numerical correction proposed in this work.

For the numerical correction, two mathematical methods are proposed: one to approximate the
values measured for the initial recording time and the other for the final recording time. These two
methods were developed to enable comparisons between two sites monitored with the same
equipment. In this case, it is thought that at the end of data collection in a facility, recording of the
other variables begins immediately, and while the values measured in the first facility for the final
time are being corrected, the data of the second facility are corrected for the initial time of data
collection. Thus, we have an approximation of the values recorded in two facilities at the same time.

To determine the functions of linear adjustment, we used equations of the type:
Y-Y=(X —X)A—Y
AX
which can equivalently be written as:
Y=Y-(X —X)A—Y
AX

where Y represents values of the environmental variable, X is the time taken to evaluate this
variable. Thus, for any value of the environmental variable Y measured in time X , once can get an

equivalent value Y intime X .

The proposed numerical correction method was validated by an experiment in a laying hen
production facility, in the municipality of Tupd, S&o Paulo State, Brazil. In this experiment, the
systematic monitoring of the environmental parameter air temperature in all points of interest are
shown in Figure 1, where twenty Onset HOBO® thermometers with data loggers, Pendant AU-002
model, with a resolution of 0.10 °C and accuracy of + 0.47 °C at 25 °C were installed inside the
facility. The pieces of equipment were programmed to record temperature values every minute.

The point of reference for the corrections was point 10 as it was located in the center of the
installation. At this point, we considered all records taken to correct the values of air temperature in
other parts of the production facility.

To adjust the initial time, only record in time t, was considered, where t, is the initial time
and i is the spatial position of the point in the facility, varying in the domain [1, 20]e N . To adjust
the final time, also only data recorded in time t, was considered, where t,, is the final time and i is
the spatial position of the point in the facility, varying in the domain [1, ZO]eN. We used

measurements in one-minute intervals, using 20 minutes for calibrating air temperature with data
loggers for validation of the proposed model.

Eng. Agric., Jaboticabal, v.31, n.5, p.835-846, set./out. 2011



Luis R. A. Gabriel Filho, Danilo F. Pereira, Fernando F. Barato et al. 838
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FIGURE 1. Schematic representation of the animal production facility used for model validation of
the numerical correction in time and location of thermometer data loggers.

For the statistical analysis when comparing (1) the original values measured at different times
(t;), (2) the values measured in time t, and corrected by the method proposed for the initial time
(t,) or final (t,,) and (3) the actual values measured with the data logger in the initial time (t,) or
final (t,,) as reference, nonparametric analysis of variance (ANOVA) for paired data (Friedman test

for repeated measurements), was used before applying Tukey’s test. For all tests, significance level
of 5% was used.

RESULTS AND DISCUSSION
Theoretical Results

For correction of values for the initial time of data recording, it was considered at first the
environmental any parameter measurements C, which were discretely recorded within the time
interval [a,b] in different coordinates of the same location or facility. These values represent the

environmental data linked to its recording time.

For these values to be transformed into the corresponding measurements performed at the
initial time t = a, they must be carried out as systematic measurements of the variable in the same
location in the initial time t =a and final time t=b. Be t,,t,,t;,...,t,,,t,, with t, =a and t, =D,
which time records with respective values of the environmental parameter data as
c.C,.C,,...C ,,C,.

It is noteworthy that, despite the measurements being taken in the same installation, there are
different variation intensities of this environmental parameter in time.
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Thus, be C any record of the environmental parameter in a given time te[a,b]. The
following procedure shows the method to obtain the value C_,,, referent to the correction of the

corr

measurement of time t to its equivalent value at the initial time of data collection t = a.

For this, there have been a few cases to consider the relative position of t in the time interval
[a,b]. Assuming telt;,t,,,], with 1<i<n—1, to determine the equivalent value of C at time t,,

7N+l

the following relationship should determined from the equation of the line that represents the
temporal behavior of this variable between points (t;,C,) and (t,,,,C,,,) (Figure 2):

Ca =C—(t—ti)% (1)

corr
1

where AC, =C,, —C, and At, =t,, —t,.

Environmental
Variable

N

( —

FIGURE 2. Correction of the environmental variable at time t to their equivalent value in time t;.

It is noticed from Eq. 1 that, if the start point of the subinterval considered [t,,t,,,], i.e., t=t,,
then the result is C® =C. If t is the end point of this subinterval, i.e., t=t,,, then the result is

corr

Cl) =C —AC,, which can be expressed as:

corr 1

t=t,=>C® =C )

corr

t= ti+1 = C:<(:2rr = C_Aci

©)

Thus, C®  represents the correction of the environmental parameter C for the time t,, i.e., it
represents the equivalent of C at time t,. Considering from Equation 3 that if a variable has a value

intime t_,, than its equivalent value at time t; is given by a reduction of AC,. Thus, the equivalent

i+1?

value of C® attime t,_, is given by:

corr I

Ci-h _ 0

cormr corr

~AC, , (4)

Applying this process i —1 times, the equivalent value C® of the environmental variable C
at time t,, given by:
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@) ) 3) (i-1)

Ceor = Ccomr ~ACL = Ceoy —ACy —AC = .= Cpoy” —AC_5 — ...~ ACy; —AC

@ AG
corr —ACj_1 —=ACj_p —..m ACy —AC; =C—(t —t;)- — = ACj_3 — ACj_p —...— ACy — AC (5)

At

=c

Thus, by denoting this correction equivalent to the initial time of data recording for

Cchdal —c® we have that:
Chedl = C—AC, —AC, —...—ACi_l—(t—ti)% (6)
or
o i—1 )
Che =C- 3 AC, ~(t-t) 2 )
= At

The correction given by Equation 7 can be graphically represented, as shown in Figure 3.

Environmental
Variable

A
C 4

FIGURE 3. Correction stages of environmental data applied to initial time of data recording.

To correct a value for the final time of data recording, when t €[t;,t,, ], with 1<i<n—1, the

equivalent value C at time t,, must be determined. For this, one should use the following

relationship determined from the equation that represents the segment of temporal behavior of this
variable between points (t,,C,) and (t,,,,C,,,) (Figure 4):

C(i+l) =C+ (ti+l _ t) AACHI

(8)

corr
i+1
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FIGURE 4. Correction of the environmental variable at time t to their equivalent value in time t,,

From Equation 8, if t is the final point of the subinterval considered [t,,t, ], i.e., the result is
Cl =C. If t is the start point of this subinterval, i.e., t=t;, then the result is C¥) =C+AC,,,
which can be expressed as:

t=t,=C0 =C (9)

corr

t=t, =>CY% =C+AC,, (10)

corr

Thus, from Equation 10, if a variable has a value at timeti, than its equivalent value at time

bt s given by adding ACM. Thus, the equivalent value Caar at time 5+t i given by:
Ceor’ =Caor TAC,, (11)

Applying this process n—i times, to obtain the equivalent value C{’ of the environmental
variable C attime t,, use:

e el ac, =c D ac, g rac, =..=cBD L aci v ac, 4 +ac,
- AC; 12
— ) A+ 4 AC, 4 +AC, = Ct (ti,g — ) — R £ AC; 4.+ AC,, 4 +AC, (12)
Atjg
Thus, denoting this correction equivalent to the end time of data recording by C'* =C® |
we have that:
final ACHJ_
Ceonr =C+AC, +...+AC, ,+AC, , +(t;,, 1) A (13)
i+1
or
AC,
Coon = C+ZAC +(ti, - 1) At = (14)

p=i i+l

The correction given by Eq. (14) is graphically represented in Figure 5.
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FIGURE 5. Correction stages of environmental data for the final time of data recording.

Practical Results

To validate the formulation of mathematical correction, we applied the method to adjust
the measurements of reference point 10. Figures 6 and 7 show the measurement corrections at
different times from the point 10 using itself as a correction reference. In this case, the corrected
values for the desired time (final or initial) fully agreed with the measurements made at this time.
Figures 3 and 5 illustrate the correction steps.

26.8

26.6

== Calibration of point 10 at

[ ] z
26.4 different times

= Corrected values for the
initial time 10:30 am

Air Temperature (°C)

01 2345678 910111213141516171819
time after theinitial time 10:30 (min)

FIGURE 6. Corrections of several temperature measurements from the reference point 10 for the
initial time.
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FIGURE 7. Corrections of several temperature measurements from the reference point 10 for the
final time.

The recorded data of air temperature with time delay in the experiment underwent time
correction in two simulations, according to the numerical method aforementioned in theoretical
results section, being a simulation to correct to the initial time and another to correct the simulation
for the final measurement time.

Subsequently, three sets were created for statistical comparison, namely: (1) the original
values measured at different times (t;), (2) values measured in time t; and corrected by the
proposed method for the initial time (t,), in the first simulation, and for the final time t,,, in the
second simulation and (3) the actual values measured with the data logging at the initial time (t,),
in the first simulation, and final time t,,, the second simulation

The results of the first simulation (correction to initial time), can be seen in Figure 8, which

represents the values of the environmental variable air temperature at points where data loggers
were installed, with analysis in Table 1, which presents the results of statistical analysis performed .
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FIGURE 8. Values of environmental variable for different data sets used in the validation of the
numerical correction method for records of the initial time.

TABLE 1. Results of statistical analysis for validation of the numerical correction method for the

initial time.
Compared Sets Tukey’s test Mean + Standard Deviation
1 Original values measured with time lag a 25.66 £ 1.17
2 Values corrected by the method for the initial time b 25.11+1.06
3 Actual values measured with data loggers at the same time b 25.34 £ 1.00

Values with different letters show significant differences by the Tukey’s test at 5% probability.

Table 1 shows that the corrected values for the initial time (10.30) are equivalent to real
values measured, whereas the values measured with time delays are significantly different from
values measured at start time and also from values corrected for this time. Based on these results, it
is considered that the correction method of numerical values for the environmental parameter air
temperature was effective when used to obtain equivalent values to the start time.

Results of the second simulation are shown in Figure 9, with the statistical analysis presented
in Table 2.

Eng. Agric., Jaboticabal, v.31, n.5, p.835-846, set./out. 2011



Method of numerical correction of errors occasioned by delay of records 845

=+ Real calibrations

N . .
F}v._f;'\i at different times
!
| LA
l| |

C)

r

/ == Correct values
n_/ for the time
N 10:50 am

Ajr temperature (

Calibrations
carried out
simultaneously
in all points at
the time 10:50

I
[ ]

1 23456 78 91112131415161718192010

Points monitored inside the shed

FIGURE 9. Environmental variable values for different data sets used in the validation of the
method of numerical correction for the final time of records.

TABLE 2. Results of statistical analysis for validation the numerical method of correction for the

final time.
Compared Sets Tukey’s test Mean * Standard Deviation
1 Original values measured with time lag a 25.70+1.18
2 Values corrected by the method for the initial time ab 25.79+£1.06
3 Actual values measured with data loggers at the same time b 25.93+1.08

Values with different letters show significant differences by the Tukey’s test at 5% probability.

From the results presented in Table 2, one can observe that the mean of the corrected values
lies between the values measured with time lag and the actual values. In addition, the values
corrected by the method do not differ statistically from the other data sets. Based on these results,
the correction method of numerical values for the environmental parameter air temperature is also
considered effective when used to obtain the equivalent value to the final time.

The numerical correction method proposed herein can be applied to any other environmental
parameter, if the general characteristics of the spatial variability of this variable within the facility
evaluated are known. It is accepted that air temperature and relative humidity in poultry production
facilities vary gradually depending on space, which determines the choice of a few points, perhaps a
single one, as reference for corrections. However, some variables, such as sound pressure, may not
present spatial dependence, as observed by BORGES et al. (2010).

CONCLUSIONS

The proposed method approximates the recorded values with time delays to the expected
moment of interest, as if the data were measured simultaneously in all spatially distributed time
points.

The numerical correction model for environmental variables has been validated for the
variable air temperature.
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