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ABSTRACT 

Temperature variation in egg incubation can negatively affect the hatching time and 
weight gain of chicks, hence improving the incubator temperature accuracy can improve 
hatching rates. Controllers based on the fuzzy methodology have shown great potential 
for use in controlling incubator temperature variations. Therefore, the objective of this 
study is to develop and evaluate a fuzzy logic-based controller for egg incubation. Four 
identical incubators were configured: two with a fuzzy controller and two with a 
conventional controller. After evaluation and validation, a case study of the incubating 
eggs of free-range chickens was conducted on where 12 incubation cycles consisting of 
20 eggs per incubator. The variables obtained include hatchability and electricity 
consumption. The results showed that the fuzzy logic-based controller maintained 
uniform internal temperature and a 10.68% saving on electricity usage when compared 
with the conventional controller. Thus, the fuzzy methodology has great potential for use 
in the incubation of free-range eggs. 

 
 
INTRODUCTION 

Hatcheries are common on breeder farms and are 
considered a favorable environment for poultry production 
because they promote the development of day-old chicks 
from fertile eggs in quantities, terms, and quality required 
by industrial poultry farming (Melo et al., 2018).  

The creation of low-cost and high-efficiency 
equipment, ensures suitable egg incubation conditions and 
sustainable production from autonomous small and medium 
producers. Poultry production in family farming is 
practicable and requires minimal labor, with a relatively 
quick financial return due to the production cycle of birds, 
moreover being a source of food for the family (Fernandes 
& Silva, 2001; Arruda et al., 2019). Free-range strains are 
the most applicable in family farming, owing to their 
robustness and ease of handling.  

Understanding and controlling the conditions 
required for egg incubation and hatching is of utmost 
importance, since the embryonic period of birds represents 
approximately 30% of broiler lifespan (Gonçalves et al., 

2013). Incubation temperature is an important factor in 
embryonic development and hatchability (Flores et al., 
2016). Several authors mentioned that high temperatures 
increase embryonic mortality, in addition to accelerating 
embryonic development and premature birth (Willemsen et 
al., 2010; Van Der Pol et al., 2014, Ozlu et al., 2018). In 
contrast, embryonic development and chick hatching are 
delayed on low temperatures (Marques, 1994). 

Several authors have evaluated incubation 
temperatures to determine the optimal temperature. Nakage 
et al., 2003; and Maatjens et al., 2016 observed a divergence 
of the ideal temperature during incubation, ranging from 
36.5 to 38.3 °C, with greater consensus in the 36.7 to 37.8 
°C range. Incubator temperature variation that occurs during 
egg incubation is another factor that can affect hatch time 
and chick weight gain after hatching (Shim & Pesti, 2011, 
Costa et al., 2017). 

Therefore, improving the temperature accuracy in an 
incubator can improve the hatchability. The majority of 
small-sized incubators have no relative humidity control, and 
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temperature controllers are made of precision thermostats. 
However, these mechanisms have no control of the power 
dissipated in the resistances, hence maximum power is 
dissipated each time a thermostat triggers a resistance. 

Among the developed controllers, artificial 
intelligence-based controllers using fuzzy methodology 
have shown great applicability in egg incubation. The 
feasibility of the controllers has been demonstrated in 
research relevant to thermal comfort of animals (Ferraz et 
al., 2014; Schiassi et al., 2015; Julio et al., 2015). 

Fuzzy systems enable closer approximation of expert 
thinking in improving the control and monitoring of an 
incubator. This results in temperature stability through load 
balancing, where only the required load is used to maintain 
the desired temperature, without variations. Consequently 
this reduces energy costs and improves the conditions for 
the incubation of eggs. 

Therefore, this study aims to develop and evaluate a 
fuzzy logic-based controller used for incubating eggs. 
 
MATERIAL AND METHODS 

This research was conducted in the Laboratory of the 
Nucleus for Applied Studies in Animal Ambience and 
Technological Innovations of the Federal University of São 
Francisco Valley, Juazeiro-BA Campus. It is divided into 
the following stages: constructing the incubators, modeling 
and program implementation in Arduino, evaluation and 
validation of the incubators, and case study. 

The climate of the region under study is classified as 
BSwh using Köppen's climate classification. The BSwh 
type is characterized as a semi-arid climate with an average 
annual precipitation of approximately 542 mm, maximum 
air temperature ranging from 29.6 °C to 33.9 °C, and 
average relative humidity ranging from 62% to 67%. 

Constructing the incubators  

Figure 1 shows the four identical handmade 
incubators constructed using four resistance heaters of 
rating 200 W/220 V, four Arduino UNO R3 platforms, two 
NTC 10 K temperature sensors, two dimmers of rating AC 10 
A/250 VAC, four 9 V power supplies, two on-off controllers, 
four egg turning trays, two single-phase Nansen Lumen 
energy meters, as well as OSB wood panels and pine slats. 

 
FIGURE 1. Configuration of the four incubators used in this study. 

Each incubator comprised of the following 
dimensions: 0.58 m width, 0.40 m height, and 0.40 m depth. 
In addition, an egg tray with holding capacity of 56 chicken 
eggs was positioned on a height of 0.05 m from the 
incubator floor. Two water trays with capacity of 0.5 L each, 
were positioned below the egg tray. 

Fuzzy modeling and program implementation in Arduino  

The temperatures of the incubators were monitored 
for 10 days, with sampling conducted every 1 min using 16 
sensor recorders (HOBO ± 3% reading accuracy, ± 1°C 
temperature accuracy, and ± 5% relative humidity 
accuracy). To evaluate temperature variations, the sensors 
were placed on four equidistant points inside the incubator. 

During the evaluation period, the resistance power 
was adjusted by 5% every 1-h interval with the aid of an 
electronic AC 10A/250VAC dimmer to achieve the 
required resistance power. 

The inference method proposed by Mamdani (1976), 
was used to develop our fuzzy model. The output is a fuzzy 
set originating from the combination of input values with 
their respective degrees of pertinence through the minimum 
operator, and then the superposition of the rules through the 
maximum operator (Leite et al., 2010). The dry bulb 
temperature (DBT) and relative humidity (RH) were 
defined as input variables, with pertinence curves adjusted 
based on the experimentally obtained values. 

The fuzzy rules were linguistic sentences based on 
the experimentally collected data and assistance of four 
animal ambience and fuzzy modeling experts. Selection of 
the experts was conducted using the methodology proposed 
by Lourençoni et al. (2019). 

The fuzzy model predicts the output variable and 
resistance power (%) based on the input variables and 
experimental data. Load balancing is then implemented to 
stabilize the temperature. Simulation modeling was 
conducted using MatLab's fuzzy logic toolbox. 

The fuzzy model was embedded in the Arduino 
UNO platform consisting of an ATmega328P 
microcontroller, and open-source board based on a simple 
input/output circuit. The model was then developed in a 
library that handles C/C++ programs. Compatibility 
between the fuzzy logic and Arduino was addressed by 
using the embedded logic library (eFLL) developed by the 
State University of Piauí’s Robotic Research Group. 

Evaluation and validation of the incubators  

Incubator efficiency was evaluated by installing a 
fuzzy controller on two incubators and installing a 
conventional on-of controller, set to maintain a temperature 
of 36.7 ºC, on the remaining two incubators. 

To evaluate the ability of the incubators to keep the 
temperature constant, we waited first for the temperature to 
stabilize. After stabilization, the temperatures of the 
incubators were monitored for approximately 72 h. 
Sampling was conducted every 1 min using 16 sensor 
loggers (HOBO) arranged on four equidistant points inside 
each incubator. 

Four replicates were produced, and the variance test, 
standard deviation, and mean temperature deviation were 
analyzed In addition, he correlation coefficient was 
analyzed for possible temperature variations in the internal 
space of the incubators.  
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The experimental design adopted a randomized 
block design (RBD), where each block was a replicate, 
totaling four blocks, and the treatment was an incubator. 
The incubator was split into two, namely: incubator with a 
fuzzy controller (IFC) and an incubator with an on-off 
conventional controller (ICC). Statistical analyses were 
performed using SISvar software (Ferreira, 2011). 

Case study: Use of fuzzy controller in the incubation of 
free-range eggs  

Evaluation of the efficiency of the incubators 
consisted of performing 12 incubation cycles on fertile eggs 
of free-range chickens obtained in the region. Each 
treatment had 20 eggs which were incubated until hatching 
at the established temperature of 36.7 ºC. Relative humidity 
was maintained using water trays placed under the eggs. 
The eggs were turned every 1 hour, as recommended by 
Oliveira et al. (2020). 

After completion of the hatching process, the 
number of eggs with complete hatching (ECH), eggs with 
not complete hatching (ENCH), non-fertilized eggs (NFE), 
and dead embryos (EDE) were counted in each incubator. 
Using these values, [eq. (1)] gives the hatching rate as a 
function of the total number of eggs (HRTE). Equation 2 
gives the hatching rate as a function of fertilized eggs. 
(HRFE), The hatching rate as a function of the total number 
of eggs, considering the eggs that failed to hatch (HRTE+) 
is given by [eq. (3)]. Equation 4 defines the hatching rate as 
a function of fertilized eggs, considering the eggs that failed 
to hatch (HRFE+). 

HRTE = (ECH / NTE) × 100   (1) 
 

HRFE = (ECH / (NTE – NFE)) × 100  (2) 
 

HRTE+ = ((ECH + ENCH) / NTE) × 100  (3) 
 

HRFE+ = ((ECH + ENCH) / (NTE – NFE)) × 100 (4) 

Where: 

NTE = number of total eggs. 
 
In addition, the electrical energy consumption of the 

incubators was measured using two single-phase Nansen 
Lumen energy meters. One meter was installed per each pair 
of IFC and ICC. 

The randomized block design (RBD) was adopted in 
accordance to the statistical model shown in [eq. (5)]. 

𝑦 = 𝜇 + 𝑡 + 𝛽 + 𝜀                                            (5) 

Where:  

μ represents the population mean;  

ti type of incubator (IFC or ICC); 

βj j-th test, (four tests in total), and  

εijk experimental error. Statistical analyses were 
performed using SISvar software (Ferreira, 2011). 

 
 
 
 
 

RESULTS AND DISCUSSION 

Fuzzy modeling and program implementation in the 
Arduino  

The data-set was represented by triangular 
pertinence curves shown in Figure 2, that plotted based on 
the experimentally obtained values and dry bulb 
temperature (DBT) input variable (Schiassi et al., 2015, 
Lourençoni et al., 2019). 

 

 

FIGURE 2. Pertinence function for the input variable dry 
bulb temperature (DBT). 
 

The fuzzy model predicted the output variable 
resistance power (RP) based on the input variable and 
experimental data used as a reference. Triangular pertinence 
curves shown in Figure 3 were used to characterize the 
output variable resistance power. 

 

 
FIGURE 3. Pertinence function for the output variable 
resistance power (RP). 

 
The rules of the fuzzy model are shown in Table 1. 

They are linguistic sentences based on experimentally 
collected data and assistance of four animal ambience and 
fuzzy modeling experts. Since the rules had equal 
importance in determining the system response, a weighting 
factor of one was adopted.  

 
TABLE 1. Rules of the fuzzy system. 

Rule 
Air dry bulb temperature 

(DBT) 
Resistance power 

(RP) 

1 High Low 

2 Low High 
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Evaluation and validation of the incubators  

The incubator with the fuzzy logic (IFC) controller 
had a temperature correlation of 83.75%, while the 
conventional on-off incubator (ICC) had a correlation of 
73.31%. Therefore, the IFC showed greater uniformity in 
internal temperature during the evaluation, thereby proving 
that it is more efficient in distributing heat in the internal 
area of the incubator. No significant difference was 
observed between the evaluated treatments (p < 0.05, F 
test), and the standard deviation, variance, and mean 
deviation presented in Table 2. 
 
TABLE 2. Standard deviation, variance and mean deviation 
of the temperatures in the incubators. 

 
Incubator with 

fuzzy controller 
(IFC) 

Conventional on-off 
incubator (ICC) 

p-
value 

Standard 
Deviation 

0,130 a 0,230 a 0,1285 

Variance 0,025 a 0,106 a 0,0919 

Mean 
Deviation 

0,105 a 0,206 a 0,1073 

Averages followed by different letters, differed due to the Tukey 
test on 5% probability 

 
Shim & Pesti (2011) discussed how variations in 

temperature uniformity in the incubator can affect the 
hatching time and weight gain of chicks. In addition, Santana 
et al. (2014) mentioned that the exposure time to temperature 
oscillations can influence the response of embryos. 

Baballe (2021) stated that temperature fluctuations 
due to rising temperatures can be detrimental to embryo 
development. This is because of the accelerated growth rate 
caused by high temperatures, resulting in the abnormal 
development of embryos in the early stages and decrease in 
hatchability. Thus, maintaining an optimal temperature 
improves embryonic development and hatchability (Nawaz 
et al., 2021) 

Case study: Use of fuzzy controller in incubation of free-
range chicken eggs  

A significant difference in incubation indices was 
observed between the evaluated treatments (p < 0.05, F 
Test) and eggs with complete and incomplete hatching, non-
fertilized eggs, and eggs with dead embryo. The 
observations are shown in Table 3. 
 
TABLE 3. Percentage indices of eggs with complete 
hatching (ECH, %), eggs with incomplete hatching (ENCH, 
%), non-fertilized eggs (NFE, %), and eggs with dead 
embryo (EDE, %) in the incubators. 

 
Incubator with 

fuzzy controller 
(IFC) 

Conventional on-
off incubator  

(ICC) 

Coefficient of 
variation  
CV (%) 

OEC 58,91 a 40,93 b 30,71 

OENC 14,09 a 7,87 a 89,21 

ONF 16,20 a 41,50 b 53,11 

OEM 10,78 a 9,69 a 56,39 

Averages followed by different letters differed due to the Tukey 
test on 5% probability. 

The IFC presented a higher percentage of ECH than 
the ICC due to the fact that ICC presented a large number 
of non-fertilized eggs, which masked the absolute values 
of fully hatched eggs. In this study, it was observed that a 
large number of the acquired eggs were not fertilized, 
either due to the quality of the breeders or the insufficient 
number of breeders in the flock. This was also observed in 
a study conducted by Cardoso et al. (2020), who evaluated 
the incubability and quality of Peloco and Caneludo do 
Catolé chicks. 

The high index of ENCH and EDE may be a factor 
in egg quality, which according to previous studies, can be 
influenced by the age of the layer (Araújo et al., 2017; 
Jabbar & Ditta, 2017; Silva et al., 2017; Okur et al., 2018; 
Gharahveysi & Kenari, 2018). Old layers produce thin egg 
shells, which easily crack. The size of the egg (Rocha et al., 
2008; Veldsman et al., 2020) also influences egg quality 
since large-sized eggs have difficulty losing heat at the end 
of the incubation period, increasing mortality. In addition, 
the quality of the birds' nutrition, water consumption, and 
local temperature (Sesti; Ito, 2009), as well as the birds' 
rearing system (Leite et al., 2021) affect egg quality. The 
egg storage time until incubation can influence the number 
of incomplete hatches and dead embryos (Melo et al., 2020; 
Nasri et al., 2020; Molapo et al., 2021) 

The EDE values obtained in this study (10.78 and 
9.69%) were below the 11.11 and 24.21% obtained by 
Gholami et al. (2018) who evaluated the incubation of 
fertile broiler eggs using methods of sealing microcracks. 

However, the ENCH values can be explained by the 
different egg shapes, which change the resistance of the 
shell. These variations in egg shape make them more fragile 
or resistant during beak trimming (Schmidt et al., 2003). 

Another important variable in the evaluation of 
incubation is the hatching rates shown in Table 4. A 
significant difference between the evaluated treatments (p < 
0.05, Test F) for HRTE and HRTE+ was observed. 
 
TABLE 4. Hatching rates for HRTE, HRFE, HRTE +, and 
HRFE+. 

 
Incubator with 

fuzzy controller 
(IFC) 

Conventional on-
off incubator 

(ICC) 

Coefficient of 
variation  
CV (%) 

TEOT 58,91 a 49,92 b 30,71 

TEOF 68,95 a 70,11 a 19,73 

TEOT+ 73,01 a 48,80 b 23,25 

TEOF+ 86,01 a 83,74 a 8,63 

Averages followed by different letters differed by the Tukey test 
on 5% probability. 
 

While the HRTE and HRTE+ variables showed 
significant differences, they considered all incubated eggs, 
including the unfertilized eggs. Consequently, the absolute 
values of fully hatched eggs were masked, as a high 
percentage of unfertilized eggs was obtained in the ICC 
(Rocha et al., 2008; Sesti; Ito, 2009; Araújo et al., 2017; 
Jabbar & Ditta, 2017; Cardoso et al., 2020; Leite et al., 
2021; Molapo et al., 2021). The rates that considered only 
fertile eggs (HRFE and HRFE+), both showed no 
significant differences, indicating that both incubators 
showed equal responses.  
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HRFE+, referred to as hatchability by some authors, 
had values of 86.01 and 83.74 % for IFC and ICC, 
respectively. This study validates with previous work 
conducted. Gholami et al. (2017), obtained hatchability 
rates of 72.92 and 86.22 % for sealed and unsealed eggs, 
respectively using methods of sealing microcracks. Ross 
(2016) proposed a hatchability performance goal of 88.6% 
for Ross 308 hens. Cardoso et al. (2020) evaluated the 
hatchability and quality of caipira chicks of Peloco and 
Caneludo do Catolé, and obtained hatchability values of 
77.15 and 74.10%, respectively. 

Table 5 proves that a significant difference in energy 
consumption existed between the treatments evaluated (p < 
0.05, Test F). An incubator with a fuzzy controller (IFC) 
obtained an energy efficiency of 10.68% compared with the 
conventional one, which demonstrated the energy saving 
potential of this system. This has been the subject of several 
studies that seeked the development of hatcheries with 
higher energy efficiency (Kapen et al., 2020; Tsamaase et 
al., 2019; Kommey et al., 2022). 

 
TABLE 5. Values obtained for energy consumption (kWh) 
in each treatment evaluated. 

 
Incubator with 

fuzzy controller 
(IFC) 

Conventional on-
off incubator 

(ICC) 

Coefficient of 
variation  
CV (%) 

Energy 
(kWh) 

46,00 a 51,50 b 1,69 

Averages followed by different letters differed due to the Tukey 
test on 5% probability. 
 

The energy saving is due to the fact that the fuzzy 
controller in the IFC performs the load balancing in the 
resistor. therefore controlling the power with which it is 
activated. The conventional controller on the other hand, 
has a resistor that is always activated on 100% power. 
 
CONCLUSIONS 

The controller developed based on fuzzy logic has 
great potential for use in the incubation of free-range eggs. 
The fuzzy logic-based controller kept the internal 
temperature more uniform and obtained desired results for 
hatchability statistically equal to conventional incubators, 
however with a savings of 10.68% of electricity. 
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