
The Northeast, for instance, has lower production levels. 
In 2023, only 2.1% (43,901) of production systems in the 
Northeast followed a technology-intensive model, com-
pared to 65.2% (1,377,313) in the South (ABCS 2024). The 
southern region of Brazil, the leading swine producer, pro-
cessed 24.079 million swine in 2022, while the Northeast 
processed approximately 540,000, underscoring a produc-
tion gap relative to the primary producing region (ABPA 
2023).

The Brazilian Northeast is predominantly characterized 

for swine producers. The region’s low precipitation, low 
relative humidity, and high temperatures throughout most 
of the year negatively impact thermal conditions in animal 
facilities (Silva et al. 2023). These meteorological variables 

Brazil ranks as the fourth-largest pork producer and 
exporter globally (ABPA 2024). However, swine produc-
tion is not equally distributed across all Brazilian regions. 
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located in a semi-arid region and to evaluate its performance based on microclimatic traits, physiological responses, animal 

gilts (Duroc × Large White crossbreeds), grouped by age and weight into three treatments (each with 10 animals per 
experimental unit). The automated thermal control treatments applied were: (1) no thermal control, (2) automatic activa-
tion of a micro-sprinkling system, and (3) automatic activation of micro-sprinkling combined with ventilation. Environ-

compared to the treatment without thermal control. The micro-sprinkling treatment reduced the respiratory rate by 5.32 
breaths/min and promoted an average daily weight gain of 0.26 kg/day compared to the control group. Additionally, the 

in semi-arid regions.
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can lead to thermal stress, behavioral changes, and reduced 
productive and reproductive performance, ultimately lower-

2021).
Key indicators of thermal stress in production animals 

include physiological measures such as rectal temperature 
(Giannetto et al. 2025) and respiratory rate, behavioral 

2025). 
Furthermore, Renaudeau and Dourmad (2022) emphasize 
that climate change represents an ongoing challenge for 
livestock production, potentially exacerbating future vul-
nerabilities in the swine sector. In this context, precision 

-
itoring of these parameters and facilitate targeted interven-

In response to environmental sustainability and animal 
welfare challenges, PLF technologies have emerged as a 
pathway toward sustainable livestock production (Papak-
onstantinou et al. 2024). These technologies enable simul-
taneous monitoring of physiological welfare indicators 
(Aragona et al. 2025), behavioral assessments (Amorim et 
al. 2024), and the integration of wearable sensors, environ-
mental monitoring equipment, and remote sensing (Ber-
nabucci et al. 2025). Such tools allow for individual and 
herd-level monitoring, supporting producers in making 
data-driven decisions (Lovarelli et al. 2024).

To maximize productivity, swine facilities must be 
designed to maintain thermal conditions within or near the 
ideal comfort range (Barnabé et al. 2020). PLF technologies 
optimize production by controlling environmental factors, 
particularly thermal conditions in housing systems (Norton 
et al. 2019; Zhang et al. 2021). However, as Trabachini et al. 
(2024) highlight, a critical challenge in PLF is the automa-
tion of microclimatic variable control to manage actuators 

Knox (2025
for swine herds to meet animal welfare requirements. In this 
regard, the automation of thermal control represents one of 
these changes that promote animal welfare and may improve 
productivity indicators. Thus, the use of automated tech-
nologies and environmental control systems can enhance 
environmental conditions and provide thermal comfort for 
animals, especially in regions where conditions are adverse 

technologies.
Therefore, this study aimed to develop a prototype for 

a semi-arid region and to evaluate its performance in terms 
of the microclimatic characteristics of the pens, physiologi-
cal parameters, animal performance, and thermographic 
aspects of the facility and the animals.

The study was conducted on a commercial farm located 
in Casa Nova, Bahia, Brazil, from February to March 
2023. The municipality was situated at 09º9’S latitude and 
40º58’W longitude, at an altitude of 397 m. According to the 

-

precipitation of 485 mm. The activities were duly evaluated 
by the Ethics Committee on the Use of Animals and by the 
Ethics and Deontology Committee for Studies and Research 
of the Universidade Federal do Vale do São Francisco (UNI-
VASF), with approval number 0004/2,709,214, adhering to 
international standards on the ethical use of animals.

-
ishing pens for pigs, measuring 30.0 × 11.0 × 4.5 m (length, 
width, and height), with a galvanized steel roof at a 10% 
slope and supported a steel frame. The barn contained four-

pens, each with a standard size of 4.0 × 3.8 m, were used for 
the experiment.

To avoid any potential sex-based interference, 30 Duroc 
x Large White crossbred females, with an average age of 
120 days and an average weight of 70 kg, were used. The 

age and weight across three treatments with 10 replications, 
with each animal serving as an experimental unit. The ani-
mals’ diet was provided ad libitum and consisted of 75% 
corn bran, 23% soybean meal, and 2.0% growth core con-
taining vitamins and minerals, provided for all treatments.

Three treatments were applied as follows: T1 – con-
trol pen, without thermal control; T2 – pen equipped with 
a micro-sprinkling system; and T3 – pen equipped with a 
combined micro-sprinkling and ventilation system. Daily 
sanitary and nutritional management of the animals fol-
lowed the farm’s established protocol. Additionally, the 
development of the thermal controller used in the treatments 

-
cussed further.

The micro-sprinkling system consisted of two inverted 
ballet-type micro-sprinklers, one for micro-sprinkler treat-
ment only and the other for micro-sprinkler and ventilation 

Carlos, SP, Brazil) were suspended 1.5 m above the facility 
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and an operating pressure of 0.5 m of water column (MWC).
The micro-sprinklers were installed with micro tub-

ing and connectors attached to a 20 mm irrigation hose. 
The system operated intermittently, with 2 min of sprin-
kling activated when the micro-sprinkling pen temperature 

was connected to a 1000-liter reservoir of water.
The ventilation system consisted of an oscillating-wall 

axial fan (Ventisol®, New 60 cm, 147 W and maximum 
rotation speed of 1,300 rpm, Brazil), with three premium 
black blades, a 60 cm diameter, and a bivolt motor. The fan 
was mounted on a support column at a height of two meters 

lateral oscillation.
The fan had three speeds (low, medium, and high) and a 

power rating of 147 Watts, operating at the maximum speed 
of 3.88 m/s. Additionally, micro-sprinkler and ventilation 
treatment included the micro-sprinkler, which was activated 
simultaneously with the fan. The system alternated between 
2 min of sprinkling and 18 min of ventilation when the air 

-
lowing topic will cover additional information regarding the 
development of this thermal controller in relation to obtain-
ing ambient temperature values.

The prototype for thermal control was developed using an 
Arduino Nano microcontroller (ATmega328 Microcon-

Voltage, Maximum Current of 40 mA, and 32 KB Flash 

Memory, Monza, Italy) and a temperature and humidity 
sensor DHT11 (humidity measurement range: 20 to 90% 
RH, humidity accuracy: ±5% RH, temperature measure-

The system was connected to a real-time clock module 
(DS3231) and a non-volatile memory device containing an 
8 GB SD card for experimental data storage (air tempera-
ture and relative humidity), which was recorded every min-
ute throughout the experiment (30 days). The sensor was 
installed at a height of 1.5 m, and a calibration curve was 
performed to convert the measured values to actual temper-
ature. A 16 × 2 LCD display was connected to an L2C Serial 
Module, which was also linked to the DHT11 sensor and a 
two-channel relay (Fig. 1).

The prototype for thermal control was programmed to 
meet the desired functionality of a temperature control sys-
tem for air-conditioned pens. Programming was performed 
using the Arduino IDE software. The system started operat-
ing when the power button was pressed and indicated on the 
16 × 2 LCD screen (Fig. 2) whether it was working. In addi-

-
ing of air temperature and relative humidity data using the 
DHT11 sensor.

The controller was set to activate the micro-sprinkling 
and micro-sprinkling + ventilation systems when the air 

-
ent temperatures characteristic of the Brazilian semi-arid 
region where the experiment took place, the upper criti-

(2023). The micro-sprinkling system was equipped with a 
½ horsepower motor pump, while the ventilation system 
used an industrial fan.

 Schematic diagram of the 
controller
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totaling 96 recordings per day. These sensors were sus-

experimental pen, resulting in six data loggers within the 
barn and one outside.

The following thermal comfort indices were calculated 
based on the microclimatic data obtained: Temperature 
and Humidity Index (THI), Black Globe Temperature and 
Humidity Index (BGHI), and Enthalpy (H). These indices 

The Temperature and Humidity Index (THI) was calcu-
lated using the equation proposed by Thom (1959):

 (4)

The Black Globe Temperature and Humidity Index 

et al. (1981):

 (5)

Enthalpy (h) was calculated using the equation proposed 
by Rodrigues et al. (2011):

 (6)

(%), and PB is local barometric pressure (mmHg).

Physiological parameters were measured on the 7th, 14th, 
21 st, and 28th days of the experiment. Measurements 
included respiratory rate (RR), surface skin temperature 
(ST), and rectal temperature (RT) at 8 am and 3 pm. Mea-
surements were conducted at these times to capture both 
thermally mild conditions and critical heat periods repre-
sentative of the semiarid region’s climatic variation. The 8 
am timepoint was selected as the earliest feasible data col-
lection window considering commercial farm operations, 
while 3 pm was chosen to represent peak ambient tempera-
tures (near the daily maximum at ~ 2 pm) while maintain-
ing adequate intervals between measurements. The trained 
operator followed established protocols for data collection. 
Notably, animals were acclimated to both the operator and 
measurement procedures, eliminating the need for physi-
cal restraint. Consequently, no containing techniques were 

The validation of the developed thermal controller was 
based on a comparative analysis between the data recorded 
by the system (DHT11 sensor) and those obtained from 

® TEMP/RH/2 ext 
-

This analysis was performed using statistical error 
indices, namely the bias (Eq. 1), the root mean square 

-
tion (R²) (Eq. 3), calculated according to the following 
equations.

 (1)

 (2)

 (3)

 Where  represents the predicted values (measured by the 
thermal controller),  the observed values (recorded by the 
data logger),  the mean of observed values, and  the total 
number of observations.

To assess the thermal environment, the following data 
were collected daily over the 30-day experiment: dry bulb 
temperature (Tbs), dew point temperature (Tpo), relative 
humidity (RH), and black globe temperature (Tgn). Mea-
surements were taken every 15 min using data logger sen-

® TEMP/RH/2 ext channels; accuracy 

 LCD display showing experiment values
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treatment. All images were captured at 4 pm, with the same 
animals being photographed on each day.

The thermographic images were obtained using a FLIR-
T62101 camera (display resolution of 320 × 240 and thermal 
sensitivity of 40 mK, United States). Images were captured 
at a distance of 0.25 m from the target, with the emissivity 
set at 0.98, following the manufacturer’s recommendations 
for temperature measurement in biological tissues (Possa-
gnolo et al. 2024). The camera’s focus was automatic, and a 
series of images were taken to select the most suitable one. 
Additionally, during image processing, the regions of inter-
est were later selected and evaluated using the pointer tool. 
The images were then transmitted and processed with Flir 

both the animals and the facility, yielding maximum, aver-
age, and minimum temperature values.

the eye region, cheek region, cervical-dorsal region, caudal-
dorsal region, and posterior region (Fig. 4).

Environmental parameters were analyzed using a random-
ized block design (RBD) with three treatments (no thermal 
control, micro-sprinkling, micro-sprinkling + ventilation) 
and blocks representing the 30-day evaluation period. 
Physiological and performance parameters were analyzed 
in a factorial scheme (3 × 2) within an RBD, with the treat-

-
ent days of data collection (7th, 14th, 21 st, and 28th days), 
and experimental units were the 10 animals per treatment. 
Thermographic parameters were analyzed using the RBD 

All statistical analyses were performed using R software. 
The Shapiro-Wilk test was used to assess residual normal-
ity, while Levene’s test was used to evaluate homogene-

analysis of variance was followed by Tukey’s test (p < 0.05), 
along with regression analyses for environmental data.

employed during data collection, as the animals remained 
calm throughout the process.

Surface skin temperature was determined using an infra-
red thermometer (Digital Infrared Thermometer ST/600, 

20 cm from each of the measured points (Amaral et al. 
2014

subsequently.
Rectal temperature was measured with a veterinary clini-

-
-

ments over 15 s and multiplying the result by four to obtain 

The animals’ initial body weight (IBW) was recorded before 
feed and water were withheld. Subsequent weigh-ins were 
conducted every seven days until the end of the 30-day 

Average daily gain (ADG) was calculated using the Eq. 7.

 (7)

Animals were weighed using a metal digital scale with a 
capacity of 500 ± 0.100 kg. To minimize disruption to farm 
operations, they were not fasted prior to weigh-ins from the 
start to the end of the experiment. Due to the use of only 
three pens and adherence to regular farm protocols, indi-
vidual feed intake measurements were not possible, which 
restricted the calculation of feed conversion ratios.

3) on the 
7th, 14th, 21 st, and 28th days of the experiment for each 

 Example of a thermo-
graphic image of the roof (A) and 

B) of the facility
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underestimation relative to the data logger. The RMSE 

-
tion (R² = 0.83) indicates a strong correlation between the 
recorded values, with low dispersion among data points. For 

and close to zero, suggesting good agreement between sen-
sors. However, the RMSE value was higher (8.30), resulting 

-
ing greater variability in humidity data compared with tem-
perature measurements.

Key environmental parameters were evaluated across 
the three treatments, examining thermal comfort indices 
derived from the data loggers (Table 2).

Figure 5 shows the comparison between air temperature and 
relative humidity recorded by the thermal controller and the 
data logger.

Comparative metrics between the thermal controller and 
the data logger are presented in Table 1. For air temperature 

 Statistical indicators comparing the sensor connected to the 
® data logger for air temperature 

(Tar) and relative humidity (RH)
Indices Air temperature Relative Humidity

Bias
RMSE 1.38 8.30
R² 0.83 0.58

 Scatter plots of air 
temperature (A) and relative 
humidity (B) between the thermal 
controller and the data logger

 

 Eye region (A), cheek region (B), cervical-dorsal region (C), caudal-dorsal region (D), and posterior region (E)
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micro-sprinkling group demonstrating the lowest mean val-
ues for environmental parameters.

Table 3 presents the maximum, mean, and minimum 

pens across the three treatments. It can be observed that, 

temperatures among the treatments (p > 0.05). Conversely, 

micro-sprinkling with ventilation exhibiting lower temper-
atures compared to the treatment without thermal control 
(p < 0.05). Figure 6 provides an example of thermal images 

-
ing that the control treatment was warmer.

Regarding physiological variables, no interaction was 
found between sampling times and treatments, so they were 
analyzed separately. For mean rectal temperature, no signif-

(p > 0.05). However, for surface temperature and respiratory 
-

ables (p < 0.05) between the two sampling times (Table 4).
Table 5 provides the physiological and performance 

-
peratures between treatments (p > 0.05). However, for 

animals in the micro-sprinkling and micro-sprinkling with 

-
perature (p < 0.05), with micro-sprinkling exhibiting lower 

-

across treatments. However, for h -

 Values of maximum, mean, and minimum temperature for the 

Treatments SEM p-value
Without 
thermal 
control

Micro-sprinkling Micro-
sprinkling 
with 
Ventilation

Floor 
*

31.25 b 27.82 a 27.85 a 1.137 0.041

Roof 42.60 41.43 40.78 0.534 0.499

Floor 
*

30.30 b 27.00 a 26.70 a 1.153 0.023

Roof 38.50 38.43 38.45 0.354 0.664

Floor 
*

28.93 b 25.63 a 25.43 a 1.134 0.017

Roof 35.80 35.63 37.08 0.457 0.591
* p < 0.05) across col-
umns; SEM standard error of the mean

A), Micro-sprinkling (B), and Micro-sprinkling 
with Ventilation (C)

 

Variables Treatments SEM p-value
Without thermal 
control

Micro-sprinkling Micro-sprinkling 
with Ventilation

* 28.41 a 27.41 b 28.19 a 0.095 < 0.0001
RH (%) 65.77 65.35 66.09 0.358 0.3507
h * 71.90 a 68.35 b 71.49 a 0.171 < 0.0001
BGHI * 76.64 a 75.79 b 76.79 a 0.110 < 0.0001
THI * 77.18 a 75.79 b 76.94 a 0.100 < 0.0001
* p < 0.05) across columns; SEM standard error of the 
mean

 Mean values for air tem-
perature (Tar), relative humidity 
(RH), enthalpy (h), black globe 
temperature and humidity index 
(BGHI), and temperature and 
humidity index (THI) obtained 
from data loggers throughout 
the day across the experimental 
period
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ventilation groups showing lower respiratory rates com-
pared to the group without thermal control (p < 0.05). As for 
performance data, average daily weight gain was higher for 
pigs in the micro-sprinkling-only treatment compared to the 
other treatments.

Table 6 presents the maximum, mean, and minimum 
temperature values across treatments for the eye, cheek, 
cervical-dorsal, caudal-dorsal, and posterior regions of the 

p < 0.05) in maximum tem-
perature were observed only in the cervical-dorsal region, 
with the highest value recorded in the treatment without 

-
ferences were found in the cervical-dorsal and caudal-dor-
sal regions, where the treatment without thermal control 
also exhibited the highest values. Similarly, this treatment 

caudal-dorsal and posterior regions.

The Tar values recorded by the thermal controller tended to 
slightly underestimate those from the data logger, showing 

-
tioned below the 1:1 reference, resulting in a negative bias. 
For RH, a wider dispersion and similar underestimation 
were observed, with most points falling below the ideal line, 
which explains the lower R² and higher RMSE compared 
with Tar. These discrepancies are mainly attributed to the 
controller’s programming, which prioritizes temperature as 

 Mean values for surface temperature, rectal temperature, and 
respiratory rate at 8 am and 3 Pm
Timetables Surface Tempera-

*
Rectal Tempera- Respira-

tory Rate 
(mov/
min)

8 am 34.43 a 39.35 12.46 a
3 pm 35.80 b 39.39 16.65 b
SEM 0.400 0.059 1.057
p-value 0.0191 0.6723 0.0075
* p < 0.05) across 
rows; SEM standard error of the mean

 Values of maximum, mean, and minimum temperature for the 
eye, cheek, cervical-dorsal, caudal-dorsal, and posterior regions under 

Micro-sprinkling with ventilation
Treatments SEM p-value
Without 
thermal 
control

Micro-sprinkling Micro-
sprinkling 
with 
Ventilation

Eye 37.93 37.24 37.04 0.269 0.356
Cheek 38.31 37.90 38.22 0.124 0.577
Cer-
vical-
dorsal 
*

38.92 b 38.00 a 38.45 ab 0.264 0.003

Cau-
dal-
dorsal

39.53 38.82 38.69 0.259 0.057

Poste-
rior

39.77 39.37 39.43 0.124 0.153

Eye 37.03 36.19 35.77 0.368 0.305
Cheek 37.10 36.13 36.63 0.280 0.218
Cer-
vical-
dorsal 
*

37.55 b 36.51 a 37.05 ab 0.300 0.037

Cau-
dal-
dorsal 
*

38.36 b 37.06 a 37.41 ab 0.388 0.012

Poste-
rior

38.13 37.14 37.28 0.311 0.076

Eye 35.74 34.91 34.40 0.389 0.343
Cheek 35.03 33.79 33.67 0.434 0.308
Cer-
vical-
dorsal

35.67 33.52 34.27 0.628 0.052

Cau-
dal-
dorsal 
*

35.81 b 33.18 a 34.27 ab 0.763 0.011

Poste-
rior *

33.72 b 31.57 a 31.27 a 0.772 0.018

* p < 0.05) across col-
umns; SEM standard error of the mean

Treatments Surface Tem- Rectal Tempera- Respiratory Rate 
(mov/min) *

Aver-
age Daily 
Weight Gain 
(kg/day) *

Without thermal control 35.39 39.50 17.42 b 0.69b
Micro-sprinkling 35.39 39.44 12.10 a 0.95a
Micro-sprinkling with Ventilation 34.56 39.16 14.15 ab 0.77b
SEM 0.490 0.073 1.295 0.045
p-value 0.3966 0.0539 0.0195 0.0003

 Mean values for surface 
temperature, rectal temperature, 
respiratory rate, and average 
daily weight gain across the 
treatments

*

p < 0.05) 
across rows; SEM standard error 
of the mean
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2012). Although thermal control 

lower in controlled environments. The region’s low relative 
humidity (Cunha et al., 2015) may have further favored the 
micro-sprinkling treatment.

diurnal temperature variations. In semi-arid regions, high 
solar radiation due to proximity to the Equator makes noon 
the most critical period. However, Santos et al. (2011) iden-

transmission in facilities.
Pigs, as homeothermic animals, maintain a body ST 

2021), consistent 
2023) reported 

-
ductive status, environmental factors, and metabolic rate 
(Nazareno et al. 2012; Sørensen and Pedersen, 2015). Dif-
ferences between ST and ambient temperature facilitate heat 

(Rigo et al. 2019). In this context, environmental conditions 

al. 2022), which may impact factors such as feed intake and 
weight gain (Giannetto et al. 2025).

p > 0.05) in RT between treat-
ments suggests that animals did not experience extreme heat 
stress, remaining within their thermoneutral zone, close to 

2010). Lykhacha 
et al. (2022 -

The RR for growing pigs typically ranges between 29.1 
and 32.7 breaths per minute, higher than the values observed 
in this study. Lykhacha et al. (2022) observed RR averag-

adult pigs, normal RR ranges from 20 to 40 breaths per min-
ute (Pereira et al. 2019), with values in this study falling 
within this range. Gomes et al. (2021) reported higher RR 
values in Pernambuco’s semi-arid region under various cli-
mate control systems.

time of day, feed or water intake, ambient temperature, 
wind speed, season, and facility location (Perissinotto et al. 
2009). Although high air temperatures can elevate RT and 
RR (Silva et al. 2023), this was not observed in this study, as 
values remained within comfort ranges (Souza et al. 2020). 
Silva et al. (2023) and Rigo et al. (2019) emphasize that heat 
stress beyond comfort zones negatively impacts physiologi-
cal responses, which was not evident here.

Infrared thermography has been used to detect sick ani-
mals, identify clinical signs, and monitor fever or elevated 
body temperatures (Sørensen et al., 2015; McManus et al. 
2016). Aragona et al. (2025) emphasized that changes in 

the primary control variable, while RH serves as a second-
ary indicator. Additionally, the DHT11 sensor used in the 
prototype has lower accuracy and resolution, particularly 
for humidity measurements, contributing to the observed 
deviations (Saputro and Yantidewi 2021).

-
-

2016). In this study, the 
micro-sprinkling treatment was closest to this upper limit, 

70%, with critical thresholds below 60% and above 80% 
(Ferreira, 2015). None of the treatments exceeded these RH 
comfort limits (Table 1).

Regarding thermal comfort indices, the h value for the 
micro-sprinkling treatment averaged 68.35 kJ/kg of dry air, 
within the comfort range of 60.4–68.6 kJ/kg of dry air for 

2021). In contrast, 
the treatments without thermal control and micro-sprinkling 
combined with ventilation exceeded 71 kJ/kg of dry air, 
indicating thermal discomfort due to limited evaporative 
heat dissipation (Gomes et al. 2021).

p < 0.05) was observed in the 
BGHI across treatments. The micro-sprinkling treatment 
yielded the lowest average (75.79), while the treatments 
without thermal control and micro-sprinkling with ventila-
tion showed similar values (76.64 and 76.79, respectively). 
All treatments exceeded the comfort threshold of 74 for 

2023 2016) 
reported BGHI values below 72 in Pirassununga/SP, while 
Barnabé et al. (2020) found values exceeding 76 in non-
climatized pens in Pernambuco’s semi-arid region, with cli-
matized pens recording lower values (72.2), consistent with 

The micro-sprinkling treatment also recorded the low-
est average THI. Mellado et al. (2018 -
ues between 74 and 78 as indicative of mild heat stress, 
with values below 74 considered comfortable and above 82 
indicating severe stress. The THI values in this study sug-
gest mild heat stress, remaining below the critical upper 
limit of 85 (Moi et al. 2014), though the comfort threshold 
(THI < 74) was not achieved.

The micro-sprinkling treatment consistently showed the 
lowest values for most microclimate variables. Previous 
studies suggest that pigs prefer micro-sprinkling systems for 
heat exchange, spending more time in such environments 

2020; Jeppsson et al. 2021). This preference 
may be attributed to the system’s location and orientation, 

-
2019).

-
klers or misting systems can enhance thermal comfort for 
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This trial was conducted in a commercial swine facil-
ity under standard management and nutritional practices, 
which precluded individual feed intake measurements and 
feed conversion ratio calculations. Furthermore, only three 
pens were available for experimental use, preventing sta-

-

enable precise feed conversion ratio determination.
Despite initial resistance among producers to adopting 

technologies that promote animal welfare (Moreira et al. 
2024), this study demonstrates the potential of simple and 
scalable thermal control systems in semi-arid regions, as 
evidenced by improvements in swine weight gain. Among 
the practical applications of this research, it is noteworthy 
that the micro-sprinkling system can be adapted for use in 
other semi-arid regions, promoting greater thermal comfort 
and productivity. Additionally, the combination of natural 

energy use while maintaining thermal comfort for the ani-

thermal control technologies may encourage their adoption, 
improving both swine welfare and productivity.

The micro-sprinkling treatment yielded the best results for 
physiological parameters, environmental indices, and daily 
weight gain. However, none of the treatments provided 

the semi-arid climate. Nonetheless, physiological parame-
ters remained within the comfort limits for pigs at this stage.

This study highlights the importance of simple, automated 
technologies with high scalability potential to improve the 

regions, directly impacting daily weight gain and produc-
tivity. Future research should incorporate expanded experi-
mental designs with additional animal pens to properly 

management strategies. Studies should also systematically 
assess varying ventilation intensities and microsprinkler 
application schedules to determine optimal combinations 
for thermal comfort optimization in production environ-
ments. Additionally, future investigations should include 
economic feasibility analyses, comparing implementation 

-
tive to commercial alternatives, to support broader adoption 
and informed decision-making by producers.

 Luana BF Figueiredo: Investiga-
tion, Data curation, Methodology, Validation, Writing – original draft. 

body temperature represent a physiological defense response 
to disruptions in homeostasis. Lower temperatures in spe-

such as spraying and ventilation, can reduce body tempera-
ture (Alves et al. 2024). Ricci et al. (2019) highlighted its 
utility in identifying surface temperature variations, aiding 
facility evaluation and animal welfare assessment. Alves et 
al. (2023
control, evaporative cooling, and forced ventilation treat-
ments, with the group without thermal control showing the 

-
ings in this study (Table 5).

2021). The group treated with micro-sprinkling 
achieved a higher ADWG (0.95 kg/day), exceeding the 

(Dias et al. 2011), highlighting the treatment’s positive 
impact on performance. In contrast, both the non-ther-
mally controlled treatment and the combined micro-sprin-
kling + ventilation treatment showed lower average daily 

explanation for the underperformance of the micro-sprin-
kling + ventilation treatment is the fan speed, which operated 
at maximum capacity and may have dispersed water drop-

likely maintained an optimal balance between humidity and 
evaporative cooling, its combination with forced ventila-
tion appears to have disrupted this equilibrium, resulting in 

It should be noted that the proposed system remained 
operational throughout nearly the entire experimental 
period, with only a single day of downtime for microcon-

practical viability of such technologies for implementation 
in production environments to enhance animal welfare.

To ensure the reliability of the developed thermal con-
trol system, its sensors were validated against a calibrated 

® TEMP/RH/2 ext 
channels). Statistical indices (Bias, RMSE, and R²) were 
calculated to compare temperature and relative humidity 
readings between both devices. The results showed strong 
agreement (R² = 0.83 for air temperature and 0.58 for rela-

respectively), indicating that the controller provided accu-

proposed prototype for real-time environmental monitoring 
and automated climate control in swine facilities. Although 
economic feasibility was not assessed in the present study, 
future research will include cost analysis and long-term per-
formance evaluation to support large-scale implementation.
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