Comprehensive evaluation method of the poultry house indoor environment
based on gray relation analysis and analytic hierarchy process
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ABSTRACT Due to the antagonism and synergy
among environmental factors in the poultry house, the
influence process becomes extremely complex. As a
result, it is difficult to predict and evaluate the degree of
such influence accurately. In this paper, we study the
poultry house environment factor and its relationship
with poultry production performance, using the gray
relation analysis (GRA) to filtrate the main factors
that influence the evaluation of the poultry house envi-
ronment. Put forward using the gray relation degree
(GRD) to improve the method for structuring the judg-
ment matrix, and weights are more objective and rea-
sonable. The evaluation index system and evaluation
model are constructed through the analytic hierarchy
process (AHP). It is expected that the comprehensive
evaluation of the indoor environment status of the poul-
try house can guide the optimization of the environmen-

tal control in the poultry house and obtain better
production indicators of the poultry. In this study, the
experimental broiler house was enclosed in autumn.
Because of the ventilation system, the indoor environ-
ment is still affected by the outdoor environment. The
top 3 in the calculation of weights were outdoor environ-
ment (0.4315), indoor temperature (0.2384), and indoor
air quality (0.1687), which were consistent with experi-
ence. From October 24 to 27, the environmental evalua-
tion values of the experimental broiler house were
{2.4367, 2.8149, 2.3857, 2.5669}, that is, the evaluation
results were {good, good, good, good}; consistent with
the expert manual judgment. The correctness and prac-
ticability of the proposed method were verified. This
paper provides a scientific basis for environmental evalu-
ation and environmental control in the poultry house.

Key words: environmental comprehensive evaluation, the gray relation degree, the analytic hierarchy process, the
poultry house, the weight

INTRODUCTION

In recent years, China has put forward standardized
scale livestock and poultry breeding and taken “establish-
ment of breeding, large-scale production, improved breed-
ing of livestock and poultry, systematization of epidemic
prevention, pollution-free, and normalized supervision” as
the standards to accelerate the transformation of animal
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husbandry. With the development of the poultry breeding
industry in China, large-scale breeding has become a pop-
ular trend. Improving the level of environmental control
in poultry houses, on the one hand, can improve the wel-
fare of poultry farming. On the other hand, it can improve
the productivity of poultry, so it is receiving more and
more attention. Accurate evaluation of environmental
conditions in poultry houses is the basis of improving envi-
ronmental control levels in poultry houses.

For the past few years, the rapid development and
industrialization of the “perception-based” internet of
things (IoT) technology have gradually penetrated all
walks of life. The agricultural IoT, including the live-
stock and poultry industry, has also developed rapidly,
and the use of sensors has extensively promoted the
development of the agricultural ToT. Livestock and


http://orcid.org/0000-0002-9531-770X
http://orcid.org/0000-0002-1495-7239
http://orcid.org/0000-0002-1495-7239
http://orcid.org/0000-0002-1495-7239
http://orcid.org/0000-0002-0206-5743
https://doi.org/10.1016/j.psj.2021.101587
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:liminhuo@163.com

2 WEN ET AL.

poultry IoT-based environmental monitoring systems
continuously monitor many different field data, such as
temperature, humidity, CO, concentration, and NHj
concentration. Some scholars have studied the influence
of single environmental factors on poultry farming. Bar-
ott pointed out (Barott and Pringle, 1946) that within
the range of 18 to 26°C, laying hens can maintain a bal-
ance between heat production and heat dissipation.
That is, 18 to 26°C is the comfortable temperature for
laying hens. (Cerci et al., 2003) believed that 16 to 25°C
was a suitable environment temperature for laying hens
to grow. Marsden (Marsden and Morris, 1987) showed
that the most suitable environmental temperature for
laying hens was 21°C, and when the temperature was
higher than 30°C, the change of feed composition was
not enough to offset the impact of temperature on laying
hens’ production. Miles (Miles et al., 2004) showed that
body weight was significantly depressed by 6 and 9% for
the 50 and 75 ppm concentrations of NH3 as compared
with 0 ppm. Also, mortality was significantly greater at
the 75 ppm NH; concentration, 13.9% compared with
5.8% for the 0 ppm treatment. Nevertheless, the above
studies are more than a few in a single environmental
factor on the impact of poultry production.

Based on this kind of research, some evaluation meth-
ods for the poultry house environment have been pro-
duced in the industry. In summer, the thermal and
humid environment composed of Temperature and
Humidity is generally used to evaluate the environmen-
tal conditions in the houses, while in winter, the concen-
tration of COjy is mainly used as the monitoring index of
environmental regulation. However, for the poultry
farming industry, temperature, humidity, CO5 concen-
tration, NH3 concentration, and wind speed are all key
factors affecting the poultry production environment
(Park et al., 2015; Zheng et al., 2020). By focusing only
on a single index, a comprehensive analysis and evalua-
tion of multiple environmental factors cannot be carried
out, resulting in the cut of the organic connection
between multidimensional data and the inability to
mine the information contained therein.

Environmental factors are also considered a part of
poultry welfare in the existing poultry welfare evalua-
tion methods (Lay et al., 2011; Shimmura et al., 2011;
Van Horne and Achterbosch, 2008). The most com-
monly used evaluation methods mainly include Welfare
Quality (Butterworth et al., 2009) and Assurewel
(Assure Wel, 2019) Welfare evaluation model. However,
the existing poultry welfare evaluation system only con-
siders part of the environmental indicators. For exam-
ple, the Assurewel Welfare evaluation model only
covered 2 environmental factors, NH; and dust. On this
basis, Du Xinyi (Du et al., 2020), Bai Shibao (Bai et al.,
2017), Wang Qiang (Wang et al., 2016) added CO,,
H,S, temperature, humidity, wind speed, and other envi-
ronmental indicators to the welfare index evaluation sys-
tem of the condition of the poultry house or the
comprehensive environmental evaluation of the poultry
house. However, the effects of indoor light, particulate
matter (PMy 5, PMyg), HsS, and other environmental

factors on poultry farming were not considered. The
selection of the above environmental indicators often
depends on personal experience and preferences. Only a
few environmental indicators are selected for evaluation,
which affects the selection of main impact factors for
comprehensive environmental evaluation. In addition,
the weights of various environmental factors were fixed
value in the welfare evaluation model, ignoring the dif-
ferences in environmental preferences of different
chicken species, and the differences in climate conditions
of different geographical locations.

There are many parameters related to the environ-
ment of the poultry house, and each environmental fac-
tor interacts with each other. Based on analyzing the
environmental parameters of the poultry house, it is a
complex problem to evaluate the environmental status
of the poultry house accurately and adjust the environ-
ment reasonably. An index system that comprehensively
evaluates the poultry house’s environment is needed to
help us evaluate the environment of the poultry house
more effectively. It is expected that the objective evalua-
tion of the indoor environment status of the poultry
house can guide the optimization of the indoor environ-
mental control in the poultry house and obtain better
production indicators of the poultry.

In cybernetics, the depth of color is commonly used to
represent the clarity of information. For example, Ashby
(Ashby and Pierce, 1957) calls the object with internal
information unknown as a "black box." With the contin-
uous development of information technology, people’s
requirements for information transparency have also
increased accordingly. Therefore, we use "black" to rep-
resent information unknown, "white "to represent infor-
mation clear, and ‘"gray" to represent partial
information known and partial information unknown
(Ashby and Pierce, 1957). Accordingly, based on this,
Ju-Long (1982)gave the following definition: we call the
system with obvious information a white system, the
system with unknown information a black system, and
the system with partial information known and partial
information unknown as a gray system.

According to the definition of the gray system (Ju-
Long, 1982), the poultry house can be regarded as a typi-
cal gray system. The system input is the environmental
index, and the environmental factors are coupled with
each other. The system output is the production index
of poultry, such as death rate, broilers weight, tibia
length, egg production rate of laying hens. Gray relation
analysis (GRA) places all inputs of the gray system
under the same standard and studies the correlation
degree between inputs and outputs, which avoids the
coupling problem between inputs to a certain extent.
Therefore, this paper uses the GRA method to deter-
mine the main influencing factors and evaluation
indexes of environmental evaluation in the poultry
house.

Analytic Hierarchy Process (AHP) decomposes com-
plex problems into various component factors, which
constitute a hierarchical structure according to the dom-
inant relationship, determines the importance of each
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factor in the same level through pin-to-pair comparison,
and then determines the overall ranking of the relative
importance of alternatives by integrating the judgment
of decision-makers (Saaty, 1994). In this study, the poul-
try house environment is divided into 6 parts: tempera-
ture environment, humidity environment, air quality
environment, light environment, noise environment, and
outdoor environment. The analysis is carried out layer
by layer, and gray relation degree (GRD) is used to
improve the construction of the judgment matrix, and
then determine the weight of each environmental factor,
and finally obtain the evaluation results.

MATERIALS AND METHODS
Animals and Experimental Conditions

Broiler chicks (Ross 308) at one d of age were obtained
from Beijing Dafeng Poultry Breeding Co., Ltd. (Bei-
jing, China) and reared in environment-controlled
chambers, following the procedures described in the
Ross 308 Broilers Husbandry Manual. All diets were for-
mulated to meet the nutrient requirement for broilers
suggested by National Research Council (NRC, 1994).

The experiment was conducted in an enclosed broiler
house of a poultry farm in Yi County, Baoding city. The
broiler house was 90 m in length, 15.26 m in width,
2.2 m in ridge length, and 3.2 m in inside height. The
broiler house adopts a 3-layer H-type cage, Unit cage
length x width x height: 105 cm x 80 cm x 45 cm, each
layer spacing 14 cm. There are 3 rows and 4 aisles in the
house, and the spacing is 1.3m. Thirty thousand healthy
Ross 308 broilers were raised in the broiler house.

Routine immunization, free drinking water, regular
disinfection in the broiler house. For broilers aged from 1
to 7 d, the light intensity was 30 to 60 Ix for 24 h. At 9 d
of age, the light intensity decreased from 1 h to 20 h and
gradually decreased to 5 to 10 Ix. From 12 to 30 d of age,
the light duration was 20 h per d. After 30 d of age, the
light duration gradually increased from 1 h to 24 h, and
the light intensity remained unchanged.

There are 18 fans on the east side of the building with
a total power of 36,000 W. There are 140 small Windows
of 35 cm x 30 c¢cm on the inner wall of the house. Wet
curtains are set on the north, east, and west walls at the
front of the broiler house, with a total area of 106 m?.

Experimental Design and Measurements

Three hundred and sixty Ross 308 experimental
broilers were randomly divided into 9 groups with 4 rep-
licates per group and ten broilers per replicate. All the
broilers were raised in the middle layer of 3-layer cages.

Before the experiment, considering the unique envi-
ronment of livestock and poultry breeding, and accord-
ing to the shape of the sensor size, response time,
sensitivity, measurement accuracy, resolution, and other
inherent characteristics, careful consideration of the sen-
sor selection. Temperature and humidity sensor selected
SHT30 (Sensirion, Swiss). MH-Z19B-CO2 sensor

(WeiSheng, China) was selected for COy monitoring.
The wind speed sensor EE65-VB9 (East Qifeng Technol-
ogy Co. Ltd, Beijing, China) was used for wind speed
monitoring. NH; and HsS were monitored by NE-NH3
and NE-H2S-P sensors (Nemoto Electronic Technology
Co. Ltd, Shanghai, China). For the collection of PMj 5/
PM;q parameters, the SDS011 laser sensor (NuoFang,
China) was selected.

The sensors were deployed at the 9 (W;;—W33) sam-
pling points (Figure 1), next to the middle layer of 3-
layer cages (Figure 2), and 13 environmental data,
including CO,, NH;, H,S, PM, 5, PM;,, wind speed,
temperature, humidity, illumination, outdoor tempera-
ture, outdoor humidity, outdoor wind speed, outdoor
illumination, were collected. The data collection interval
was 1 h.

Broilers were raised in the cage system, the weighing
data of broilers were measured manually by ASC-SC73
digital weighing scale (Camry Electronic Co. Ltd,
Zhongshan, China), and the individual bodyweight of
broilers was measured only at 8, 14, 21, 28, 35 and 42 d
of age, because it was not suitable to excessively increase
the stress response of broilers during manual measure-
ment. In order to assist in characterizing the growth and
development of broilers, tibia length was also measured
by the ruler at the same time. Environmental data and
broiler data were measured in parallel.

The Process of Evaluation

The evaluation process is shown in Figure 3.

First, the evaluation index system was established:
GRA method was used to find the environmental factors
that had a great impact on poultry production by calcu-
lating GRD values, and the environmental factors that
had a great impact were included in the environmental
index system.

Second, the AHP method was used to construct the
comprehensive environmental evaluation model of the
poultry house. The value of GRD was used to improve
the construction method of the judgment matrix.

Finally, the scoring system of each environmental fac-
tor was constructed, the actual environmental data of
the poultry house was substituted into the model, the
evaluation score was calculated, and the evaluation
result was finally obtained.

Evaluation Index System of Environment in
the Poultry House

Scientifically measuring the advantages and disadvan-
tages of the poultry house environment status is a very
complex process. Therefore, selecting a good set of evalu-
ation indicators is particularly important (Chang et al.,
2007). The evaluation index system is the basis of the
evaluation model. In order to evaluate the environment
in the poultry house comprehensively, the evaluation
index should be selected reasonably. This study started
by establishing the relationship between environmental
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factors and poultry production by calculating GRD
value to find the relatively large impact of environmen-
tal factors on poultry production, which was included in
the evaluation index system. The environmental factors
that had relatively little impact on poultry production
were removed to reduce the redundancy of the evalua-
tion model.

The following conditions should be met for the selec-
tion of evaluation indicators (Li, 2015):

First, any evaluation index must meet the requirements
of scientificity and operability. There should be clear
logic and hierarchy among the evaluation indicators,
and all aspects of the environmental characteristics of
the poultry house should be comprehensively
involved.

Second, consider the importance of different indicators,
highlighting the poultry house’s primary and second-
ary environmental evaluation factors, and grasping
the key indicators.

Finally, each indicator is computable. That is, it is possi-
ble to determine its impact on the upper level in a cer-
tain way. The selected indicators should be
comparable in the evaluation, and the evaluation
value should be planned as a unified standard.

Because it is not appropriate to increase the stress
response of the poultry, it is impossible to collect the
production indicators of the poultry in real-time. The
production indexes of poultry were collected only at 8,
14, 21, 28, 35, and 43 d of age. The GRA method is very
suitable for such data is less, the primary and secondary
factors are difficult to distinguish.

GRA. GRA (Chang et al., 2007; Lin and Juan, 2007;
Fan et al., 2008; Tsai et al., 2008) is an analytical
method of gray system theory. It is also applicable
regardless of the number of samples and the regularity.
The idea is to draw each factor into a sequence curve
and obtain the relation degree of each factor through the
similarity of its geometric shape. The closer the shape of
the curve is, the greater the relation of the corresponding
judged sequence is. This method is mainly used in the
case of less data, difficult to distinguish the primary and
secondary factors. The basic operation steps are as fol-
lows (Chen, 2005; Wu et al., 2007; Zeng et al., 2007;
Wu and Chang, 2009; Pophali et al., 2011; Verma and
Singh, 2013; Wu et al., 2018; Younas et al., 2019):

(1) Determine the analysis sequence

Determine the reference series that reflect the charac-
teristics of the system’s behavior and the comparison
series that affect the system’s behavior. The data
sequence reflecting the characteristics of the system’s
behavior is called the reference sequence and is denoted
as Xy, which is

Xo = [Xo(1),X0(2), ..., Xo(k)] (1)

Where k is the serial number of the environmental fac-
tor of the individual poultry house.

A data sequence composed of factors that affect sys-
tem behavior is called a comparison sequence and is
denoted as X; which is

X; = Xi(1), X(2), ..., Xi(J) (2)

In the formula above, & is the serial number of the
individual broiler production factor.

(2) Dimensionless processing of raw data

Due to differences in the meaning, content, and value
standards of various indicators, the data dimensions are
generally different, which is not convenient for a unified
comparison. Therefore, to make it comparable, in apply-
ing the GRA, the data is generally nondimensionalized
processing, eliminating the respective influential factors
of each data and turning it into a standardized order of
magnitude nondimensional data under a unified mea-
surement, scale facilitate the comparative analysis of var-
ious indicators. Therefore, the impact factor data and
the reference series need to be dimensionless before the
subsequent analysis. The commonly used methods of
dimensionless processing mainly include normalization
transformation methods, exponential transformation
methods, and segmented scoring transformation meth-
ods. The most commonly used method is the normaliza-
tion transformation method (Saaty, 1994). This article
also chooses to use this method for dimensionless
processing.

(3) Calculate the absolute difference between the com-
parison sequence and the reference data

Calculate the absolute difference between X, and X;
at the k-th index, denoted as A;(k), which is

A(k) =

Xo(k) — Xi(k)

(3)

(4) Calculation of the GRD

The GRD is the manifestation of relation in gray the-
ory. Relation essentially refers to the degree of difference
in geometric shapes between curves. Therefore, the dif-
ference between curves can be used as a measure of the
degree of relation. In the GRA, the GRD is the geomet-
ric distance between the reference sequence and the com-
parison sequence at each time point. The larger its value,
the more significant the relation between the 2 index
sequences on the corresponding indicators. The calcula-
tion formula is as follows:

(k) = min minA;(k) + p max maxA;(k)

Ai(k) + pmax maxA;(k)

(4)
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(k) is the GRD of X, and X; at the k-th index. min-
minA,(k) is the minimum difference of the second level.
maxmaxA;(k) is the maximum difference of the second
level. p is the resolution coefficient, 0<P<1. The more
effective the resolution coefficient, the larger resolution.
The smaller the resolution coefficient, the smaller resolu-
tion. In this study, P=0.5.

(5) Calculate the GRD and arrange the order of relation

The relation coefficient is the degree of relation
between the reference sequence and the comparison
sequence at different points in time. Therefore, there is
more than one relation coefficient, and the distribution
is scattered. A unified comparison cannot be made. The
GRD is the value obtained by collecting these relation
coefficients through a specific method. It can reflect the
degree of relation between the reference sequence and
other indicators as a whole. The larger the GRD value,
the stronger the relation between the reference series
and the comparison series.

The calculation formula of the comprehensive GRD is:

N
Ri =" wigi(k) (5)
k=1

Where R; is the comprehensive GRD between the
comparison sequence X; and the reference sequence X,;
w; is the weight of GRD; N is the number of environmen-
tal factors. R; reflects the relation between environmen-
tal factors and production indicators. The greater R; is,
the more significant the impact of environmental factors
on production indicators will be.

According to the order of R; from large to small, the
main influencing factors of environmental evaluation in
the poultry house can be screened. The environmental
indicators that have little effect on production indicators
can be eliminated in further environmental evaluation.

Improved AHP Evaluation Model

Building Hierarchical Structure Model. Each
poultry house has different attributes of environmental
evaluation indexes were divided, and the necessary
structural levels were established. The evaluation index
system of the indoor environment established in this
paper is shown in the Figure 4. This index system is
divided into the top layer-target layer, the middle layer-
criterion layer, and the bottom layer-index layer, as
shown in the Figure 4.

Target layer (A): Represents the evaluation outcome,
the value of environmental evaluation in the poultry
house.

Criterion layer (C): According to the principles of
environmental evaluation of the poultry house, the
indexes related to its production indicators are the con-
crete reflection of the target layer. This index system
selected 6 criterion layer indicators: ambient Tempera-
ture, ambient Humidity, ambient air quality, ambient

Target layer
(A

Criterion layer

(®)

Index layer

(€))

CO, concentration
——

Y

NH; concentration
———

Y

H.,S concentration
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|

|
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|
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|
|
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Figure 4. Environmental evaluation index system.

noise, ambient light, and outdoor environment. Because
of the ventilation system, the indoor environment is still
affected by the outdoor environment. So the outdoor
environment is included in the criterion layer.

Index layer (P): represents the specific environment
information in a poultry house in a particular aspect and
is a variety of indexes selected to reflect the direct
impact on the target layer.

Construction of Judgment Matrixz and Deter-
mination of Weight. After the hierarchical structure
of the previous section is established, it means that the
membership relationship between the upper and lower
elements is determined. The elements in the upper level
are used as criteria, and the elements in the lower level
are compared in pairs to construct the judgment matrix
(Phi-Hung et al., 2020).

Reasonable index weight plays a decisive role in the
accuracy of comprehensive evaluation results (Wu et al.,
2018). There are 2 methods to determine the weight:
subjective empowerment and objective empowerment.
Experts obtain subjective empowerment based on expe-
rience according to the economic or technical signifi-
cance of the index, which is susceptible to the knowledge
structure and personal experience of decision-makers.
The objective empowerment is based on the information
provided by the different degrees of index data, which
can effectively avoid the influence of subjective factors.

At present, the AHP is used to construct the judg-
ment matrix, and the 9-level scale method (Saaty, 1994)
is often used. The 9-level scale is constructed according
to the most critical and least important indices’ impor-
tance. Through the pairwise comparison of evaluation
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Table 1. Nine scale method (Saaty, 1994).

Scale Meaning

1 Two activities contribute equally to the objective

3 Moderate importance of one over another

5 Essential or strong importance

7 Very strong importance

9 Extreme importance

2 Intermediate values between the 2 adjacent
judgments

If activity ¢ has one of the above numbers assigned to
it when compared with activity j, then j has the
reciprocal value when compared with 4.

.4.6.8

The inverse
of the scale

indexes by experts, subjective empowerment constructs
a judgment matrix, as shown in the Table 1.

The subjective factors of the above method have a sig-
nificant influence on the evaluation results. This paper
uses the GRD of each environmental factor to improve
the judgment matrix construction method to overcome
this shortcoming. The GRD of each environmental fac-
tor has reflected the importance of each environmental
factor to the production index. The GRD of each envi-
ronmental factor was compared pairwise, and the differ-
ence was mapped to the scale range. The specific
methods are as follows:

At the same level, the relation degree of each environ-
mental factor is compared. A;; is the difference between
the GRD a;; of environmental factor 4 and the GRD a; of
environmental factor j. When Aj; is larger than 0, that
means a; is more critical than a; The difference A;; is
mapped to the 9-level scale range.

Aijxm

A =
U max; max;Aj

(6)

Therefore, the AHP uses a 9-stage scaling method, so
m= 8. a;; rounded to an integer. The corresponding a;; is

1
%F:a; (7)

The judgment matrix can be expressed as:

R=| ¢ = ®)

Table 2. GRD calculation results of 3 sample points.

According to the judgment matrix, the eigenvalues
and eigenvectors of the judgment matrix are obtained.
The  eigenvalues and  eigenvectors  satisfying
RW = Apax W are calculated. The normalization of W is
the weight of each corresponding environmental factor,
and Ay.x is the maximum eigenvalue of the judgment
matrix R.

Consistency tests are required to ensure the rational-
ity of the results. The random consistency ratio C. R. is
introduced into the AHP. When C. R < 0.10, it is consid-
ered that the judgment matrix R has acceptable consis-
tency. Otherwise, the judgment matrix should be
adjusted and corrected.

Construct environmental factor scoring crite-
ria. According to the method described in the literature
(Wang et al., 2016; Bai et al., 2017) and expert opinions,
the scoring table of environmental factors of the poultry
in each stage of the whole cycle was established. It is
important to note that environmental factors should be
carefully constructed according to the breed of poultry,
the type of climate in which the house is located, and the
season in which the evaluation is made.

RESULTS

GRD and Environmental Evaluation Index
System

According to the GRA method, the collected within
42 d of the poultry house environment parameters and
GRD of poultry production indicators, the reference
number listed as inner 9 sampling points to 13 environ-
mental parameters, comparing several as inner 9 sam-
pling points to poultry production parameters, namely
the tibia length and the weight of broilers. For the con-
venience of data processing, we combined the data of
WII_W13 into le W21—W23 into WQ, and W31—W33
into W3. Table 2 shows the calculation results.

As shown in the Figure 1, the percentage of the data
collection range of the 3 sample points in the entire poul-
try house area can be calculated according to the spacing
of the sample points. Then, the comprehensive GRD
weights of the measured parameters at the west gate,
the middle, and the fan side can be obtained as

The length of the tibia Body weight

GRD (¢i(k)) W, W, Wy W, W, Wy

CO, 0.763722 0.791259 0.639361 0.764922 0.732957 0.630619
NH; 0.733524 0.810987 0.682188 0.665743 0.874131 0.763249
HoS 0.370446 0.415905 0.367046 0.396209 0.475775 0.406102
PM, 5 0.742536 0.493806 0.821898 0.669104 0.46343 0.682214
PM;, 0.690176 0.49834 0.769281 0.688563 0.469054 0.660404
Temperature 0.779129 0.786316 0.770497 0.713192 0.691368 0.667928
Humidity 0.760571 0.792723 0.76565 0.745051 0.785198 0.670755
Wind speed 0.697772 0.563414 0.863939 0.674744 0.562589 0.757584
Illuminance 0.806233 0.618097 0.616151 0.747536 0.658269 0.668886
Outdoor temperature 0.773535 0.796534 0.779599 0.723259 0.729422 0.718689
Outdoor humidity 0.717729 0.714542 0.712538 0.684171 0.680197 0.655273
Outdoor wind speed 0.825536 0.837925 0.827044 0.79774 0.805959 0.804559
Outdoor illuminance 0.645277 0.64955 0.649213 0.659078 0.651354 0.658204
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Table 3. Production index GRD calculation results.

GRD (¢;(k)) The length of the tibia Body weight
CO, 0.7446 0.7151
NH; 0.7565 0.7882
H,S 0.3907 0.4359
PM, 5 0.6442 0.5745
PM;, 0.6187 0.5769
Temperature 0.7796 0.6907
Humidity 0.7763 0.7445
‘Wind speed 0.6755 0.6419
Tlluminance 0.6684 0.6847
Outdoor temperature 0.7852 0.7243
Outdoor humidity 0.7142 0.6743
Outdoor wind speed 0.8309 0.8025
Outdoor illuminance 0.6476 0.6545

w1 = 0.27356, ws = 0.47297, and w3 = 0.25246, respec-
tively. According to formula 5, the GRD obtained from
the 3 sampling points are weighted and summed to
obtain the comprehensive GRD. The calculated results
are shown in the Table 3.

If the outdoor environment was considered, the order
of influencing factors of broiler tibia length was as fol-
lows: outdoor wind speed> outdoor temperature> tem-
perature> humidity> NH3> COy> outdoor humidity>
wind  speed> illumination> outdoor illumina-
tiOH>PM2_5>PM1(]> NH3.

The order of influencing factors of broiler body mass
was: outdoor wind speed> NH3> humidity> outdoor
temperature> CO5> temperature> illumination> out-
door humidity> illumination> wind
Speed>PM1()>PM2_5> NH3

If the outdoor environment factor is taken into
account, the radar diagram can be shown in Figure 5. If

Co,
09—

Outdoor illumination

Outdoor wind speed

Outdoor humidity

Outdoor temperature

Indoor illumination

Indoor wind speed

the outdoor environmental factors are not considered,
the radar diagram can be expressed as Figure 6.

In conclusion, when the outdoor environmental fac-
tors were not considered, the 4 parameters of NHs,
humidity, temperature, and CO, in the shed were the
main influencing factors of broiler production, consistent
with the specialist experience. However, NH3, PM,,, and
other parameters had a poor relation with the produc-
tion indicators, so the environmental parameters with
poor relation should not be considered too much in the
poultry house’s subsequent environmental evaluation
and environmental control.

In this paper, 2 indexes of broiler production, tibia
length, and weight were selected, and GRA was carried
out, respectively. According to formula 5, each environ-
mental factor’s comprehensive GRD can be obtained by
weighting the GRD. Because weight is more critical for
broilers, wpi, 18 the weight coefficient of tibia length,
which is 0.4, @yeight is the weight coefficient of weight,
which is 0.6. The calculation results are shown in the
Table 4.

In the construction of the evaluation index system,
the more environmental indicators are selected, the
more comprehensive and accurate the evaluation results
will be, but the evaluation model will become larger, and
the amount of calculation will increase. The fewer envi-
ronmental indicators selected, the more one-sided and
inaccurate the evaluation results will be, but the evalua-
tion model and calculation amount will be both. It is
necessary to find a balance between the number of
selected environmental indicators and the accuracy of
evaluation model. In this study, GRD = 0.6 was taken
as the threshold. Since the GRD of HyS and PM; is less

The length of the tibia
Body weight

PM, ;

Indoor temperature

Indoor humidity

Figure 5. GRD considering the outdoor environment.
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CO s
2 The length of the tibia
09 Body weight
Indoor illumination // i NH,
T /Q’& TR T~ o
Indoor wind speed H,S
Indoor humidity PM, ;
Indoor temperature PM,,
Figure 6. GRD without considering the outdoor environment.
Table 4. Comprehensive GRD calculation results of environmental indicators.
Sort

Environmental indicators Comprehensive GRD Ignore the outdoor environment Consider the outdoor environment
CO, 0.72690 3 5

NH; 0.77552 1 2

HoS 0.41782 9 14

PMs 5 0.60238 7 12

PM;, 0.59362 8 13
Temperature 0.72626 4 6
Humidity 0.75722 2 3

Wind speed 0.65534 6 10
Illuminance 0.67818 5 9
Outdoor temperature 0.74866 / 4
Outdoor humidity 0.69026 / 8
Outdoor wind speed 0.81386 / 1
Outdoor illuminance 0.65174 11

than 0.6, the influence on the production index is rela-
tively small, and these 2 environmental factors are aban-
doned in the subsequent evaluation. In this experiment,
the parameters such as noise and light color temperature
were not collected in the poultry house, so the main fac-
tors for the current environmental evaluation in the
poultry house were finally determined as CO,, NHs,
PMs; 5, temperature, humidity, wind speed, illumination,
outdoor temperature, outdoor humidity, outdoor wind
speed, and outdoor illumination.

According to the relationship and subordinate rela-
tionship among environmental indicators in the poultry
house, a comprehensive evaluation model at 3 levels was
established. The first layer is the target layer (A), which
is the evaluation level of the indoor environment of the
poultry house. The second layer is the criterion layer
(C), which includes 5 indicators: indoor air quality,

indoor Temperature, indoor Humidity, indoor light, and
outdoor environment. The third layer is the index layer
(P), including 11 selected environmental indicators, as
shown in the Table 5.

Constructing Judgment Matrix and
Determining Weight Value

The indoor air quality in the criterion layer, as an
example, contains 4 secondary indexes, and the GRD is
shown in the Table 6.

According to the importance of each environmental
factor to the production index and formulas 6 and 7, the
Ci-Pi judgment matrix of low-level indicators relative to
the upper-level indicators is constructed. The judgment
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Table 5. A hierarchical structure model for environmental evaluation in the poultry house.

Target layer (A) Criterion layer (C)

Index layer (P)

Environmental evaluation of the poultry house

C3 Humidity environment
C4 Light environment
C5 Outdoor environment

C1 Air quality environment
C2 Temperature environment

P1 COs; P2 NHs: P3 PM, 5; P4 Wind speed

P5 Temperature

P6 Humidity

P7 Illuminance

P8 Outdoor temperature; P9 Outdoor humidity; P10 Outdoor wind
speed; P11 Outdoor illuminance

Table 6. GRD of air quality in the poultry house.

Table 9. A-Ci judgment matrix and consistency test.

CO» NH;3 PMs 5 Wind speed A C1l C2 C3 C4 C5 Weight

P1 P2 P3 P4 1 1 1 1 5 1/3 0.1687
2 1 1 1/3 4 1/4 0.1233

0.7269 0.77552 0.60238 0.65534 3 1 3 1 6 1/2 0.2382
c4 1/5 1/4 1/6 1 1/8 0.0383
Cbh 3 4 2 8 1 0.4315

Table 7. C1-Pi judgment matrix and consistency test. Amax = 5.1305, C.I. = 0.0326, R.I. = 1.12, C.R. = 0.0291<0.1.

C1 P1 P2 P3 P4 Weight

P1 1 1/2 6 3 0.2999 Because all levels have passed the consistency test, the

P2 2 1 8 6 0.5445 1 . 1 h Sf . Th

P3 1/6 1/8 1 1/2 0.0556 tot‘a sorting also has satistactory consistency. ne

P4 1/3 1/6 2 1 0.1000 weight values are sorted, and the results are shown in

Amax = 4.0206, C.I. = 0.0069, R.I. = 0.89, C.R. = 0.0077<0.1.

Table 8. C5-Pi judgment matrix and consistency test.

Cs P8 P9 P10 P11 Weight
P8 1 3 1/3 5 0.2541
P9 1/3 1 1/6 2 0.0975
P10 3 6 1 8 0.5915
P11 1/5 1/2 1/8 1 0.0569

Amax = 4.0476, C.I. = 0.0159, R.I. = 0.89, C.R. = 0.0178<0.1.

matrix and consistency test results are shown in the
Table 7.

According to Formulas 1-5, the comprehensive GRD
of the air quality C1 in the criterion layer is 0.73929.
Similarly, the judgment matrix and weight of the out-
door environment in the criterion layer can be obtained.
The results are shown in the Table 8.

According to Formulas 1-5, the comprehensive GRD
of the outer environment C5 of the criterion layer is
0.77602.

Similarly, the A-Ci judgment matrix can be obtained.
The results are shown in the Table 9.

Table 10. Weight value of index layer (P) to target layer (A).

the Table 10.

Evaluation Criteria and Evaluation Results of
Environmental Factors

According to the literature(Tan et al., 2019), the scor-
ing criteria for environmental factors of the 4- to 7-day-
old broiler houses in Yi County were established from
October 24 to 27, as shown in the Table 11.

The climate of different poultry houses in a geographi-
cal position has otherness, while the same poultry house
is also different in the climate of 4 seasons. Therefore,
the outdoor temperature and humidity cannot be rea-
sonably divided. Therefore, replace P8 with the mini-
mum difference between the temperature outside the
room and the recommended temperature inside the
room. P9 Replace with the minimum difference between
the outdoor humidity and the recommended internal
humidity.

According to the calculated comprehensive evaluation
value, 3 environmental comprehensive evaluation grades
can be delimited within the range of 5 scales, which are:
poor (1, 2.3), good (2.3, 3.6), and excellent (3.6, 5).

The weight of layer C to layer A Index layer P The weight of layer P to layer C The weight of layer P to layer A Sort
C1 0.1687 P1 0.2999 0.0506 6
P2 0.5445 0.0919 5
P3 0.0556 0.0094 11
P4 0.1000 0.0169 10
Cc2 0.1233 P5 1 0.1233 3
C3 0.2382 P6 1 0.2382 2
C4 0.0383 P7 1 0.0383 8
C5 0.4315 P8 0.2541 0.1096 4
P9 0.0975 0.0421 7
P10 0.5915 0.2552 1
P11 0.0569 0.0246 9




Table 11. Evaluation criteria of environmental factors in the whole cycle broiler house.

Environmental
factors

1-7d of age

8—21d of age

22—42 d of age

Excellent (5
points)

Good (3 points)

Poor (1 point)

Excellent (5
points)

Good (3 points)

Poor (1 point)

Excellent (5
points)

Good (3 points)

Poor (1 point)

P1 CO, (mg/m®)

P2 NH; (mg/m?)

P3 PMy 5 (ng/
m?)

P4 wind speed
(m/s)

P5 temperature
(°C)

P6 humidity
(RH%)

P7 illuminance
()

P8' temperature
difference
between the
recommended
and outside (°
C)

P9’ humidity dif-
ference
between the
recommended
and outdoor
(RH%)

P10 outdoor
wind speed (m/
)

P11 outdoor illu-
minance (Ix)

<1500

<6

<30
0.15—0.25
35-37
60—70
15-20

0-10

0%—10%

0.15-0.25

4000-5000

1500—4000

6—10

30~100

0.05—0.15 0r 0.25
—-0.35

34-35 or 37
=375

40—60 or 70—75

10—15 or 20—45

10—20

10%—20%

0.05—0.15 or 0.25
—0.35

3000—4000 or
5000—7000

>4000

>10

>100

>0.35 or <0.05
>37.5 or <34
>75 or <40
>45 or <10

<20

>20%

>0.35 or <0.05

>7000 or <3000

<1500

<6

<30
0.15—-0.25
28—-34
55—65

5-8

0%—10%

0.15—-0.25

4000—5000

1500—4000

6—10

30~100

0.05—0.15 or 0.25
—0.35

26—28 or 34—35

40—55 or 65—70

2—5or 8—12

10—20

10%—20%

0.05—0.15 or 0.25
—0.35

3000—4000 or
5000—7000

>4000

>10

>100

>0.35 or <0.05
>35 or <28
>75 or <40

>2or <12

<20

>20%

>0.35 or <0.05

>7000 or <3000

<1500
<6
<30

0.15—-0.25

24-27

0%—10%

0.15—-0.25

4000-5000

1500—4000

6—10

30~100

0.05—0.15 or 0.25
—-0.35

19—24 or 27-29

40—45 or 65—T75

2—5o0r 8—12

10—20

10%—20%

0.05—0.15 or 0.25
—0.35

3000—4000 or
5000—-7000

>4000

>10

>100

>0.35 or <0.05
>29 or <19
>75 or <40

>2or <12

<20

>20%

>0.35 or <0.05

>7000 or <3000

P8 is the minimum difference between the temperature outside the poultry house and the recommended temperature inside the poultry house.
%P9 is the minimum difference between the humidity outside the poultry house and the recommended humidity inside the poultry house.
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Table 12. Data and scores of environmental factors of broilers aged 4 to 7 d.

October 24 October 25 October 26 October 27
Environmental factors Data Score Data Score Data Score Data Score
CO, (mg/m?) 1387.7 5 1495.5 5 1374.8 5 1721.0 3
NH; (mg/m?) 14.2 1 17.4 1 11.9 1 13.5 1
PM, 5 (ng/m?) 38.8 3 47.5 3 323 3 19.1 5
Wind speed (m/s) 0.08 3 0.03 1 0.04 1 0.05 3
Temperature (°C) 37.7 1 36.9 5 36.4 5 37.2 3
Humidity (RH%) 39.1 1 38.9 1 37.9 1 43.6 3
Numinance (lux) 27.828 3 19.678 5 27.444 3 10.943 3
Outdoor temperature (°C) 11.2 1 16.1 3 14.5 1 11.0 1
Outdoor humidity (RH%) 44 3 7 5 44 3 37 3
Outdoor wind speed (m/s) 0.25 5 0.28 3 0.28 3 0.13 3
Outdoor illuminance (1x) 803.7 1 3349.4 3 2119.9 1 411.8 1

Table 12 shows the experimental poultry house’s envi-
ronmental data and scoring results collected from Octo-
ber 24 to 27.

From October 24 to 27, the environmental evaluation
values of the experimental poultry house were {2.4367,
2.8149, 2.3857, 2.5669}, that is, the evaluation results
were {good, good, good, good}; consistent with the
expert manual judgment.

DISCUSSION
Applicability of GRA

Application of the GRA, the most important is deter-
mining each index weight value and production index.
By selecting reasonable production indicators, reflecting
the purpose of environmental evaluation in the poultry
house, but also from the actual situation of poultry
farming, is more objective and reasonable. In this paper,
the broiler production indicators such as tibia length
and body weight in broilers breeding were selected. The
production indicators such as egg production rate and
death rate can also be considered in the environmental
evaluation of commodity laying henhouse or brooding
poultry house. Environmental evaluation is to better
environmental control, and better environmental con-
trol is to obtain better production indicators. However,
some production indicators cannot be monitored in real-
time. The GRA method is also applicable regardless of
the number of samples or whether there is regularity.
Therefore, in this case, the GRA method has more
advantages.

Superiority of Combination of GRA and AHP

At present, there is no relevant system and standard
for environmental evaluation in the poultry house. It
often relies on personal experience and preferences, and
only individual indicators are selected for evaluation,
which affects the screening of the main influencing fac-
tors of environmental evaluation. Bai Shibao (Bai et al.,
2017) used 5 environmental indexes, such as tempera-
ture, humidity, wind speed, CO, and NHj3 concentra-
tion, the comfort evaluation model was established.
Compared with the evaluation of indoor environment by
using a single environmental factor, the system can

reflect the comfort degree of indoor environment more
comprehensively. But there is no screening for the selec-
tion of evaluation indicators. Also, only using the AHP,
giving scores to each index artificially for determining
the weight of each environmental factor, and cannot
make full use of all the information of each index. Com-
pared with the above models, the evaluation model con-
structed in this paper has better versatility. The GRA
method can make full use of all the information of each
index, and the conclusion is clear. However, when only
using GRA to evaluation, the weight of environmental
indicators is often determined by artificial assignment,
with solid subjectivity. The GRD improves the subjec-
tive assignment of weights in AHP, which makes the
evaluation system more rigorous and scientific.

Advantages of the Method

The new method studied in this paper has several
advantages as follows:

® By calculating the GRD of each environmental factor
and production index, the main environmental fac-
tors in the environmental evaluation system of the
poultry house can be screened scientifically. The envi-
ronmental factors with high GDR value should be
paid more attention to when evaluating and regulat-
ing the indoor environment of the poultry house.

® The method of constructing judgment matrix in AHP
is improved by using GRD value, and the subjective
influence of AHP evaluation model is eliminated. The
evaluation result is more objective and reasonable by
relying entirely on data calculation.

® The results of comprehensive environmental evalua-
tion in the poultry house can be used as the basis to
judge the environmental state in the poultry house.
The farmer can judge the state of the environment in
the chicken house in time. When the environmental
status is not ideal, the evaluation model can be used
to find the environmental factors that have a great
impact on the evaluation results, and the parameters
are not ideal at the same time. And the corresponding
adjustment can be made.

® Because the environmental factors in the poultry
house are coupled with each other, the adjustment of
a single environmental factor will cause the change of
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other environmental factors. Therefore, when the sin-
gle environmental factor is adjusted, the evaluation
results of the evaluation model can be referred to
make the comprehensive environment in the poultry
house reach a more reasonable state.

Problems Needing Attention and Outlook

The combination of the GRA method and AHP is a
feasible comprehensive evaluation method. Selecting
reasonable production indicators can determine the
improvement of production indicators caused by envi-
ronmental rating and environmental control. In this
study, only the influence of environmental factors on
body weight and tibial length was studied, and then the
evaluation model was established. In further research,
we can focus on the impact of the number of different
production indicators on the model, such as the welfare
and behaviors of poultry. In this experiment, the total
number of colonies in the air, noise frequency, noise deci-
bel, light color temperature, and other data in environ-
mental factors were not collected, which can be studied
in the next step. Furthermore, whether the poultry
house environmental evaluation model can eliminate the
outdoor environmental parameters in the winter poultry
house closed state still needs further research.

Different varieties of laying hens or broilers have dif-
ferent adaptability to the environment. The environ-
mental preferences of laying hens or broilers of the same
breed are different at different growth stages. Therefore,
the index boundary value should be carefully selected
and appropriately scaled in the environmental evalua-
tion of different breeds of the poultry or poultry houses
of different ages. Further research can also focus on opti-
mizing the number and location of environmental data
sampling points in the poultry house to improve the abil-
ity of data to reflect the overall natural environment in
the poultry house.
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