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ABSTRACT 
Thermal-acoustic comfort is considered an essential factor for the performance of industrial activities. As well 

as harm the health of the workers, environments outside the adequate conditions provoke losses in productivity. 

The objective of this work was to develop a system capable of evaluating and classifying the working 

environment in poultry houses. A working regime of 8 hours per day in a poultry house was simulated and the 

results provide support for the classification of the comfort level based on different climate and noise conditions. 

Two input variables were used: wet bulb globe temperature (WBGT) and noise level (dB), and the 

correspondent output variable was the human welfare index (HWI). The results indicate that the proposed 

methodology is a promising technique for the determination of the level of thermal comfort endured by poultry 

house workers, capable of assisting in making decisions on control of the working environment. 
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I. INTRODUCTION 
Information on noise and its effects on the 

welfare of animals and workers in intensive animal 

production systems are scarce. Knowledge of the 

working environment facilitates understanding of 

difficulties, discomforts, dissatisfactions and 

occurrence of accidents and occupational illnesses 

[1]. 

The main characteristics which contribute to 

emergence of hearing illness, the following are 

highlighted: intensity related to the sound pressure 

level, sound type (continuous, intermittent or of 

impact), exposure time to each type of agent and its 

quality with respect to the frequency of the sounds 

which comprise noise in the determined analysis [2]. 

Based on the environmental variables, decisions 

must be made so that the environment is adequate for 

the worker. In this context, application of fuzzy logic 

is an interesting option to aid in prediction of the 

welfare index, allowing for control of the working 

environment and avoiding situations of unhealthiness 

and harm to worker health. Fuzzy methodology is 

based on construction of fuzzy sets, which represent 

the information in linguistic terms. Therefore, the 

fuzzy sets express vague concepts similar to natural 

speech [3]. According to [4], fuzzy logic is a 

technique that incorporates the human form of 

thought in a control system, which can principally be 

applied when physiological responses are 

incorporated to agents of environmental stress, for 

example, ambient temperature interfering on the 

responses of body temperature and productivity [5, 6, 

7, 8], which thus adds greater complexity to this type 

of analysis. 

Typical fuzzy control can be projected to behave 

according to deductive reasoning. However, a fuzzy 

controller can be viewed as a method of decision 

making, based on approximate reasoning. 

Based on this information, the objective of the 

present study was to develop a fuzzy system to 

estimate welfare of workers in poultry houses based 

on the thermal- acoustic environment. 

 

II. MATERIAL AND METHODS 
To estimate situations with a high degree of 

randomness, such as welfare, based on empirical 

analysis of physiological measurements, studies point 

to the potential use of specific criteria based on 

previous knowledge, utilizing a theory of fuzzy sets 

used for decision support systems which are 

characterized by the uncertainty between the 

affirmations of “yes” and “no” [9]. Fuzzy logic 

allows for treatment of the logical implications 

according to natural reasoning laws, analyzing 

conditions and stipulating consequences [10]. 

The following variables were defined as inputs 

for development of the fuzzy logic system: wet bulb 

globe temperature (WBGT, °C) and noise level (dB). 

Based on the input variables, the fuzzy system 

predicts the Human Welfare Index (HWI), evaluating 
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the level of human comfort by means of the thermal 

and acoustic variables of the working environment in 

poultry houses. 

In the analysis, the Mamdani’s interference 

method was used which provided a fuzzy set 

originating from a combination of input values with 

their respective degrees of pertinence using the 

minimum operator, and was followed by 

superposition of the laws by means of the maximum 

operator. Defuzzification was performed using the 

center of gravity method (centroid or center of area), 

which considered all output possibilities, 

transforming the fuzzy set originated by the inference 

by a numerical value, as proposed by [11] and [12]. 

 

2.1 Input variables 

Considering that the main variables which 

influence the thermal environment inside the broiler 

houses are dry bulb temperature, wet bulb 

temperature, relative humidity, solar radiation and air 

velocity, it was opted to use the WBGT (°C) as the 

input variable, with five classification ranges, where 

its limits were defined according the NR-15 

regulatory norms [13] which contain the estimates of 

metabolism rate per activity type. Based on this 

information, activity in the broiler houses was 

classified as moderate (metabolism 150 to 300 kcal h
-

1
). 

The WBGT is determined considering the 

internal environment or external environment without 

the solar load using equation 1. It functions as an 

indicator which encompasses the principle factors 

which cause thermal overload (high temperature, 

metabolism, radiant heat and high relative humidity 

of the air) and, also the principle constraining factors 

(wind, low relative humidity of the air and low 

temperature) providing a time scale of work and rest 

for a determined situation [14]. 

gbn  t0.3   t0.7  WBGT                           (1) 

For the noise variable (dB) five levels were used, 

where R1 was based on [15] who considers this range 

having no effect; R2 in accordance with [12], being 

sound rated at 50 dB, characterized as disturbing but 

adaptable; R3, according to the World Health 

Organization [16], is greater than 55 dB and can 

cause light stress accompanied by discomfort; R4 

results in wear on the organism and liberation of 

endorphins in the body [16] and is the maximal 

acceptable noise level for health activity during 8 

hours of uninterrupted work [13]; and level R5 

causes irreversible alteration and damages to the 

hearing device [15], as well as the possibility of 

hearing loss. The fuzzy sets of the input variables are 

shown in Table 1. 

 

Table 1. Fuzzy sets for the input variables. 

Variable 

type 
Variable Fuzzy set 

Input 

WBGT 

(°C) 

N1 [23.5; 25.5] 

N2 [24.5; 27.5] 

N3 [26.5; 29.5] 

N4 [28.5; 31.5] 

N5 [30.5; 32.5] 

Noise 

(dB) 

R1 [0; 40] 

R2 [30; 55] 

R3 [50; 70] 

R4 [60; 100] 

R5 [85; 140] 

 

The intervals admitted to the input variables of 

WBGT and noise are graphically represented by 

trapezoidal membership curves; these best represent 

profile of the input data and are most often used in 

literature [9, 17, 8], as illustrated in Figure 1. 

 

 

         
(a)                                                                       (b) 

Figure 1. Membership functions for the input variables: (a) WBGT (°C) and (b) noise (dB). 

 

2.2 Output variable 

The output variable of HWI, used in construction 

of the fuzzy system, permits direct indication of the 

welfare level experienced by the workers. Its sets 

established intervals in the domain of [0,1], classified 

according to the same concept for the broiler 

chickens in terms of very poor, poor, average, good 

and excellent, according to [19]. Therefore, the 

following fuzzy sets were specified, as presented in 

Table 2. 
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Table 2. Intervals of the fuzzy sets for the Human 

Welfare Index (HWI) variable. 

Fuzzy sets Interval 

Very poor [0; 0.25] 

Poor [0; 0.50] 

Average [0.25; 0.75] 

Good [0.50; 1.0] 

Excellent [0.75; 1.0] 

 

The intervals adopted for the output variable HWI 

were characterized by triangular membership curves 

(Figure 2). 

 

 

 

 

 

 
Figure 2. Membership functions for the output variable of Human Welfare Index (HWI). 

 

2.3 System of Rules 

The system of rules (Table 3) was developed 

based on the combinations of WBTI and noise level, 

where a specialist was consulted to elaborate the 

output result for each combination of input data. In 

the end, 25 rules were defined and for each rule a 

weighting factor equal to 1 was attributed. 

 

Table 3. Composition of the system of rules in function of the characteristics WBTI and noise. 

         WBGT 

 Noise 
N1 N2 N3 N4 N5 

R1 Excellent Excellent Good Average Poor 

R2 Excellent Good Average Poor Very poor 

R3 Good Average Poor Very poor Very poor 

R4 Average Poor Very poor Very poor Very poor 

R5 Poor Very poor Very poor Very poor Very poor 

 

III. RESULTS AND DISCUSSION 
When new computational systems are created 

with the intention of providing decision support, it is 

necessary to adopt measures which analyze the 

descriptive power of the new system created. Such 

measures serve, for example, to evaluate the 

efficiency of a system to generate responses for 

welfare classification which are close to reality. 

Therefore, when a mathematical modeling system is 

developed, it is important to evaluate the 

classification potential of the system, in this case the 

potential to classify the thermal-acoustic environment 

for workers in broiler houses. 

The surface presented in Figure 3 shows the 

interaction between the WBGT and noise affecting 

welfare in poultry buildings. The depressions in 

Figure 3 indicate the range where welfare is low. 

Considering that this condition implicates making a 

decision, the fuzzy system would be able to send an 

alert signal, therefore avoiding exposure of the 

worker to the unhealthy environment. 

The peaks indicated that welfare is high for the 

considered variables. These results show that the 

working environment is within the healthy range for 

the type of activity developed, making no external 

action necessary to improve comfort of the worker. 
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Figure 3. HWI simulated as a function of the WBGT and noise. 

 

Figure 4 presents a situation of the HWI as a 

function of each combination of WBGT and noise 

values. The areas delimited by the level curves in 

Figure 4 indicate the ranges of welfare for the 

considered variables. Based on these results, it can be 

observed that the HWI diminished as values of the 

WBGT or noise increase, therefore in accordance 

with the results encountered by [19] and [8].  

 

 
Figure 4. Variation of the HWI in function of the diverse combinations of WBGT and noise. 

 

In Figures 3 and 4, can be seen the non-linear 

variation of welfare, as a function of noise and 

WBGT, which was generated from the rules base. In 

these figures we can observe that the best values of 

welfare were found in conditions involving WBGT 

values below 28 ° C with values below the noise 

level of 50 dB. From these values, it is clear the 

influence of these variables on comfort for the 

worker, which characterizes partial or total absence 

of welfare, according to [20], so these would be the 

limits of welfare great for the conditions of thermal-

acoustic ambience prefixed. 

 

IV. CONCLUSIONS 
A human welfare index (HWI), for workers of 

poultry buildings was developed base on fuzzy 

methodology and utilizing the input variables of wet 

bulb globe temperature (WBGT, °C) and noise level 

(dB). This methodology showed to be adequate and 

promising to treat problems related to uncertainties, 

including human welfare. 

Utilizing the developed system, it was possible 

to estimate comfort of workers in relation to the 

WBGT and noise in broiler houses for the scenarios 

with predetermined thermal and acoustic 

environment. It could also be used for decision 

making in order to reduce or eliminate the sources 

considered to cause stress to man. 
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