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Abstract — The health and comfort of infants are highly sensitive to room environmental factors, particularly temperature
and humidity, which play a critical role in supporting their well-being. Managing these factors becomes complex due to
constant fluctuations in ambient conditions, necessitating the use of advanced technology to ensure stability and adaptability.
This study explores the application of fuzzy logic in designing a temperature and humidity control system for infant rooms,
aiming to maintain an optimal environment for infant care. Fuzzy logic offers a robust approach for handling variability,
enabling precise adjustments based on a set of predefined rules and inputs. The system operates by processing real-time
input values of temperature and humidity and producing adaptive responses through control outputs, such as cooler, heater,
and blower settings. These adjustments are determined by a series of if-then rules that interpret the input conditions to
produce the necessary responses. Experimental testing and evaluation confirm that the fuzzy logic-based control system
effectively maintains room temperature and humidity within the desired range. The results indicate that this approach can
successfully sustain a stable and comfortable environment, underscoring its potential application in enhancing infant health

and comfort through controlled indoor climate conditions.
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I. INTRODUCTION

EWBORN babies have a tendency to be sensitive
to any changes in the surrounding environment,
especially to changes in temperature and humidity. This
is because babies do not yet have enough fatty tissue in
their bodies, which results in babies easily feeling cold.
An ideal and well-ventilated room can help babies
feel comfortable and sleep well and can reduce the risk
of SIDS (Sudden Infant Death Syndrome) or commonly
defined as sudden infant death syndrome. However,
a room that is too cold can reduce the baby’s body
temperature and cause the baby to shiver [1,2].
Changes in the hot weather outside and high hu-
midity affect the room temperature, so that it has an im-
pact on the baby, namely feeling uncomfortable. Main-
taining appropriate temperature and humidity in infant
care environments is crucial for newborn comfort and
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survival, particularly for premature infants [3,4]. Re-
search has shown that controlling these factors can sig-
nificantly improve survival rates, especially for smaller
infants [4]. Various systems have been developed to
regulate temperature and humidity in incubators and
rooms, including microcontroller-based designs [3, 5]
and embedded systems [6]. These systems typically
aim to maintain temperatures between 33-35°C and
humidity levels between 40—-60% [7]. Recent advance-
ments include the use of fuzzy-PID hybrid controllers
for improved performance [5] and android-based ap-
plications for remote monitoring [8]. While proper
temperature and humidity control is essential, it is im-
portant to avoid extremes that could lead to hyperther-
mia or uncontrolled heat loss [9,10]. Recommendations
according to the Indonesian Ministry of Health Regu-
lations, which are required and must be met for baby
rooms at home, include room temperature between
18°C and 30°C, humidity 40-60%RH, and a ventilation
rate of 0.15-0.25 m/s [11].

To maintain the stability of temperature and hu-
midity in the baby room, a control system is needed
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that can regulate the room’s temperature. The tech-
nique for controlling the temperature and humidity of
the baby room uses the fuzzy logic method, where
this control technique is expected to manage the room
conditions more effectively than the traditional on-off
system [12]. Fuzzy logic control systems have been
widely studied for regulating temperature and humid-
ity in baby incubators and other environments. These
systems have shown effectiveness in maintaining sta-
ble conditions, with some studies reporting error rates
below 5% [13, 14]. Fuzzy-PID hybrid controllers have
demonstrated improved performance compared to tra-
ditional PID controllers [5]. While fuzzy logic systems
can effectively manage temperature, humidity control
remains challenging in some cases [15]. Implemen-
tation of fuzzy logic control in various applications,
including greenhouses and egg incubators, has shown
promising results in terms of energy efficiency and
system response [16, 17]. However, some research
indicates that fuzzy logic control may require more
battery power and take longer to reach desired tempera-
tures compared to PID control in certain scenarios [18].
Overall, fuzzy logic control systems offer a viable solu-
tion for maintaining stable environmental conditions in
various applications.

Controlling the temperature of the baby’s room us-
ing fuzzy logic involves determining the fan conditions
(cooling), heater conditions (heating), and air circula-
tion based on the temperature and humidity parameters
in the room. The design of a fuzzy logic-based control
system simulation is conducted to evaluate the perfor-
mance of the baby room control system, with a particu-
lar focus on the Mamdani fuzzy logic method [19, 20].

II. RESEARCH METHODS

The research methodology adopted in this study is de-
signed to systematically gather, analyze, and interpret
data with the specific aim of solving problems related
to maintaining optimal temperature and humidity lev-
els in a baby room environment. This research applies
both theoretical analysis and practical implementation
to evaluate the effectiveness of fuzzy logic-based con-
trol systems. Several critical steps are included in this
methodology to ensure accurate data collection and
effective control system performance. These steps in-
clude designing a system block diagram, defining fuzzy
logic rules using Matlab, configuring membership func-
tions, and creating a comprehensive system flowchart
to map out the entire control process.
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i. System Block Diagram

The block diagram serves as a foundational step in
understanding how each system component interacts
within the control environment. It provides a visual
representation of how signals are processed and trans-
mitted among various devices within the system. The
system block diagram for the baby room temperature
control prototype, as shown in Figure 1, outlines the
flow of information from input (temperature and humid-
ity sensors) to the output (cooler, heater, and blower),
highlighting the interactions facilitated by the fuzzy
logic controller.

1

Figure 1: Diagram Block System

As depicted in Figure 1, the temperature and hu-
midity sensors are critical components for real-time
monitoring of environmental conditions within the des-
ignated baby room. These sensors are strategically
placed to provide accurate readings, enabling precise
control adjustments. The keypad allows users to set
the desired temperature and humidity values, which
serve as setpoints in the fuzzy logic control system.
This control system, based on the Mamdani fuzzy logic
method, then compares actual sensor readings with
these setpoints to generate control actions that stabilize
the environment [21,22]. An LCD display is integrated
to present real-time temperature and humidity read-
ings, providing feedback to the user. Additionally, if
the room temperature exceeds the setpoint, a cooler
is activated to reduce the temperature. Conversely, a
heater is used to increase the room temperature if it
falls below the desired level. A blower is also included
to remove hot air, ensuring a balanced and comfortable
environment for the baby.

ii. Fuzzy Membership Functions with Matlab

The core of this control system is built around fuzzy
logic principles, particularly the Mamdani fuzzy in-
ference method, which is commonly known as the
min-max method. The fuzzy logic controller is imple-
mented in Matlab, where fuzzy membership functions
are defined for both input and output variables. This
includes setting membership functions for temperature
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and humidity inputs, as well as for outputs like cooling,
heating, and airflow adjustment. The choice of Mam-
dani fuzzy logic in this study is driven by its proven
effectiveness in managing temperature-sensitive envi-
ronments [23]. The fuzzy control approach helps in
smoothing erratic changes detected by sensors, leading
to stable and responsive control actions that maintain
desired conditions with minimal fluctuations.
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Figure 2: Membership Function

In Figure 2, the defined fuzzy membership func-
tions show two input variables—temperature and hu-
midity within the baby room—and three output vari-
ables: cooler, heater, and blower. These member-
ship functions are carefully constructed using Matlab’s
Fuzzy Logic Toolbox to provide an appropriate range of
linguistic variables such as ”Cold,” ”Cool,” "Normal,”
”Warm,” and “Hot” for temperature, and "Dry,” ~’Ideal,”
and ”Moist” for humidity. Each membership function
uses a combination of triangular and trapezoidal shapes
to represent various degrees of membership. This con-
figuration allows the system to interpret sensor input
with greater granularity, enabling more nuanced control
responses.

The Matlab environment facilitates the construc-
tion and simulation of the fuzzy control system, en-
abling adjustments to membership functions and test-
ing various control scenarios. The fuzzy rules for the
system are developed based on expert knowledge and
empirical data, defining how the system should respond
under different environmental conditions. For example,
if the room temperature is classified as ”"Hot” and the
humidity level is "Ideal,” the system may prioritize acti-
vating the blower over the cooler to efficiently dissipate
heat while maintaining energy efficiency. Such config-
urations are tested in Matlab to ensure that the control
system remains robust under varying conditions.

This methodical approach ensures that the fuzzy
logic control system is capable of maintaining a sta-
ble, comfortable environment in the baby room while
minimizing energy usage. The comprehensive testing
and adjustment of fuzzy membership functions and
rules in Matlab allow for optimization, ensuring the
control system performs effectively across a range of
conditions.

III. RESULTS AND DISCUSSION

The results and discussion section is designed to ob-
serve and analyze each part of the block diagram that
is tested, including the performance of temperature and
humidity sensors as well as the output control.

i. Testing Temperature Sensor and Humidity (Sensor
SHT-11)

Testing of the SHT-11 temperature sensor was con-
ducted to determine its performance and accuracy in
measuring temperature [24]. In this test, temperature
readings from the sensor were compared with those
from a thermometer, and the results are displayed in
Table 1.

Table 1: Result Sensor SHT-11 (Temperature)

No Sensor Temperature Thermometer Temperature  Error
1 20.2 20 0.2
2 24.5 25 0.5
3 28.8 29 0.2
4 30.3 30 0.3
5 32.4 32 0.4
6 343 34 0.3
7 357 36 0.3
Total Error 0.31

Table 1 illustrates the comparison between the
SHT-11 temperature sensor readings and the thermome-
ter readings. The results show a very low total error
of 0.31%, indicating that the SHT-11 sensor provides
reliable temperature readings within an acceptable ac-
curacy range.

Similarly, the performance of the humidity sensor
was evaluated by comparing sensor readings with those
from a hygrometer. Table 2 summarizes the findings.

Table 2: Result Sensor SHT-11 (Humidity)

No Humidity Sensor Humidity Hygrometer Error

1 62.70 62 0.7

2 66.57 66 0.5

3 63.37 63 0.3

4 58.77 58 0.7

5 56.66 56 0.6

6 55.92 56 0.1

7 55.22 55 0.2
Total Error 0.44

As seen in Table 2, the humidity sensor also per-
formed with a low error rate of 0.44%, confirming that
it can accurately measure humidity within the specified
range. This level of accuracy is crucial for maintaining
a stable environment in the baby room.
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ii. Fuzzy Logic Test

The fuzzy logic testing aims to establish fuzzy variables
and membership functions. The degree of membership
for temperature is shown in Figure 3(a), which rep-
resents the categorization of temperature based on a
combination of trapezoidal and triangular models.

(b)

Figure 3: Membership degrees (a) temperature (b) humidity

ot Cool  teema Wam ret

00

(a)

Figure 3(a) illustrates how the temperature degrees
are categorized into distinct fuzzy sets. The variables
for temperature degrees are provided in Table 3 for
better understanding of the temperature classifications.

Table 3: Temperature Degrees Variables

Temperature Degrees Temperature (°C)

Cold <20

Cool 15-25
Normal 20-30
Warm 25-35

Hot > 30

As shown in Table 3, the temperature degrees are
divided into five categories: Cold, Cool, Normal, Warm,
and Hot. These classifications provide an effective way
to apply fuzzy logic rules to manage the temperature in
the baby room.

In a similar manner, the humidity membership
degrees are depicted in Figure 3(b). The variable defi-
nitions for humidity degrees are listed in Table 4.

Table 4: Humidity Degrees Variables

Humidity Degrees Humidity (%)
Dry <55
Ideal 45 - 65
Moist > 55

As displayed in Table 4, the humidity is divided
into three categories: Dry, Ideal, and Moist. This clas-
sification is essential for determining the fuzzy logic
outputs related to humidity control in the room.

Figure 4(a) shows the cooler membership degrees,
which define how the cooler operates based on fuzzy
logic rules. The specifics are outlined in Table 5.

The cooler’s operation times, shown in Table 5, are
categorized into three levels—A Moment, Currently,
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Table 5: Cooler Degrees Variables

Cooler Degrees Time (Second)

A Moment <10
Currently 4-16
Long > 10

and Long. This allows precise control of cooling dura-
tion in the room.

In Figure 4(b), the heater membership degrees
are defined. These membership degrees are explained
further in Table 6.

Table 6: Heater Membership Degrees Variables

Heater Degrees Time (Second)
A Moment <15
Currently 5-25
Long > 15

Table 6 categorizes the heater duration into A Mo-
ment, Currently, and Long, enabling effective tempera-
ture control adjustments.

Figure 4(c) depicts the blower membership de-
grees. The corresponding variables are outlined in Ta-
ble 7.

Table 7 divides blower speeds into Slow, Medium,
Normal, and Fast, allowing precise airflow control in
the baby room environment.

Figure 5 provides a visual representation of fuzzy
logic rules, demonstrating how various input variables
interact to determine the outputs.

The following figures illustrate the fuzzy system
responses:

Figure 6 shows the response of the fuzzy system to
temperature and humidity changes affecting the cooler
output.

Figure 7 shows the system response for the heater,
where the output varies with ideal humidity and low
temperature.

In Figure 8, the response of the blower is shown,
with increased speed in response to high temperature
and humidity.
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Table 7: Blower Degrees Variables

Blower Degrees Blower Speed (RPM)
Slow < 575
Medium 250 - 1150
Normal 575 -1750
Fast > 1150
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Figure 5: Fuzzy Logic Rules Visualization

IV. CONCLUSION

This fuzzy logic control system for the baby room pro-
vides an effective and adaptive approach to maintaining
optimal room conditions. It allows real-time adjustment
of temperature and humidity control based on changing
room conditions. The fuzzy rule modeling and mem-
bership functions are well-defined and can model the
optimal response to changes in input values. This so-
lution offers a significant improvement in maintaining
stable temperature and humidity in a special baby room
when compared to conventional control methods.

ACKNOWLEDGMENT

The authors would like to thank the Electrical Engineer-
ing Study Program, Faculty of Engineering, Universitas
Merdeka Malang for supporting this research, as well
as LPPM Universitas Merdeka Malang for their invalu-
able support and assistance.

REFERENCES

[1] F. Baskoro, R. A. Ivory, and N. Kholis, “Review penggu-
naan sensor suhu terhadap respon pembacaan skala pada
inkubator bayi,” J. Tek. Elektro, vol. 10, no. 1, pp. 185-194,
2021.

[2] N. M. Ali, “Sistem kontrol temperatur dan kelembaban pada
inkubator bayi berbasis iot,” 2022.

Humidity

Temporature

Figure 6: Temperature and Humidity Fuzzy System Re-
sponse to Cooler

x B0 , ) , » T T T n"%_ i '::
w0 - T E
L] —

8 v _—————_:";:.__
£ — T e e
20 E—
0 - : ]
A ; e i ; ; s
=] - [ 15 20 =5 1] - - 1]

Temperatune

Figure 7: Temperature and Humidity Fuzzy System Re-
sponse to Heater

[3] H. Bansal, L. Mathew, and A. Gupta, “Controlling of tem-
perature and humidity for an infant incubator using micro-
controller,” 2015.

[4] Marshall, H. Klaus, and A. A. Fanaroff, “The physical
environment,” Ecology in Action, 2016. [Online]. Available:

https://doi.org/10.5040/9780755620081.ch-003

[5] A. Alimuddin, R. Arafiyah, I. Saraswati, R. Alfanz,
P. Hasudungan, and T. Taufik, “Development and
performance study of temperature and humidity regulator in
baby incubator using fuzzy-pid hybrid controller,” Energies,
vol. 14, no. 20, p. 6505, oct 11 2021. [Online]. Available:

https://doi.org/10.3390/en14206505

[6] R.D. Teguh, S. D. Eko, P. D. Laksono, and A. Jamaluddin,
“The design of an embedded system for controlling
humidity and temperature room,” Journal of Physics:
Conference Series, 2016. [Online]. Available: https:

//doi.org/10.1088/1742-6596/776/1/012096

[71 A. Latif, H. A. Widodo, R. A. Atmoko, T. Phong, and
T. H. Elsayed, “Temperature and humidity controlling
system for baby incubator,” 2021. [Online]. Available:

https://doi.org/10.18196/jrc.2376


https://journals2.ums.ac.id/emitor/article/view/6403
https://doi.org/10.5040/9780755620081.ch-003
https://doi.org/10.3390/en14206505
https://doi.org/10.1088/1742-6596/776/1/012096
https://doi.org/10.1088/1742-6596/776/1/012096
https://doi.org/10.18196/jrc.2376

Emitor: Vol 24, No 3: November 2024

100 —

®i —

o S e ——

: ) =t
:_,“;ATT,.\T.;—“,«_:E”{’ -
g =t .L l A " "zf b

T e

b i

i - —

10F

I;ﬂ- 5 10 15 0 = 30 = 40

Temperalure

Figure 8: Temperature and Humidity Fuzzy System Re-

(8]

(9]

(10]

[11]

[12]

[13]

(14]

sponse to Blower

M. M. Islam and N. R. Nadi, “An android application based
temperature and humidity monitoring and controlling system
for child incubators,” 2018.

W. A. Silverman, “Diagnosis and treatment: Use and
misuse of temperature and humidity in care of the
newborn infant,” Pediatrics, 1964. [Online]. Available:
https://doi.org/10.1542/peds.33.2.276

J. L. Ralphe and R. B. Dail, “Temperature and
humidity associated with artificial ventilation in the
premature infant: An integrative review of the literature,”
Advances in Neonatal Care, 2018. [Online]. Available:
https://doi.org/10.1097/ANC.0000000000000519

E. R. Maharani, “Rancang bangun sistem monitoring ruan-
gan bayi menggunakan sensor dht11 dan deteksi kebisingan
berbasis iot dan telegram,” 2020.

R. Hanifatunnisa and F. Almira, “Prototipe sistem moni-
toring suhu dan kelembaban inkubator bayi menggunakan
aplikasi blynk,” in Prosiding Industrial Research Workshop
and National Seminar, vol. 13, no. 01, 2022, pp. 577-582.

W. Widhiada, T. G. Nindhia, I. Gantara, 1. Budarsa,
and I. Suarndwipa, “Temperature stability and humidity
on infant incubator based on fuzzy logic control,” in
Proceedings of the 2019 5th International Conference
on Computing and Artificial Intelligence. ~ACM, apr
19 2019, pp. 155-159. [Online]. Available: https:
//doi.org/10.1145/3330482.3330527

A. Marwanto, K. Sunriyadi, and S. Alifah, “Fuzzy logic im-
plementation for incubator prototype with temperature and

[15]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

humidity control,” in 2019 6th International Conference on
Electrical Engineering, Computer Science and Informatics
(EECSI). IEEE, sep 2019, pp. 71-74. [Online]. Available:
https://doi.org/10.23919/EECS148112.2019.8976917

F. Furizal, S. Sunardi, and A. Yudhana, “Temperature and
humidity control system with air conditioner based on
fuzzy logic and internet of things,” Journal of Robotics and
Control (JRC), vol. 4, no. 3, pp. 308-322, may 3 2023.
[Online]. Available: https://doi.org/10.18196/jrc.v4i3.18327

J. Riahi, H. Nasri, A. Mami, and S. Vergura, “Effectiveness
of the fuzzy logic control to manage the microclimate
inside a smart insulated greenhouse,” Smart Cities, vol. 7,
no. 3, pp. 1304-1329, jun 6 2024. [Online]. Available:
https://doi.org/10.3390/smartcities 7030055

Y. Z. Maulana, F. Fathurrohman, and G. Wibisono, “Egg
incubator temperature and humidity control using fuzzy
logic controller,” Jurnal RESTI (Rekayasa Sistem dan
Teknologi Informasi), vol. 7, no. 2, pp. 318-325, mar 26
2023. [Online]. Available: https://doi.org/10.29207/resti.
v7i2.4728

Y. C. Co’o, I. H. Wisana, and A. Kholiq, “Fuzzy
logic temperature control on baby incubator transport
battery efficiency,” Jurnal Teknokes, vol. 17, no. 1, mar
19 2024. [Online]. Available: https://doi.org/10.35882/
teknokes.v17i1.643

M. S. Irawan, R. Arifuddin, and A. B. Setiawan, ‘“Kontrol
ph sistem aeroponik pada tanaman strawberry menggunakan
metode fuzzy logic,” CYCLOTRON, vol. 4, no. 1, 2021.

M. S. Irawan, A. B. Setiawan, and R. Arifuddin, “Sistem
monitoring ph untuk tanaman strawberry dengan sistem aero-
ponik,” SinarFe7, vol. 3, no. 1, 2020.

R. Arifuddin, I. Mujahidin, S. Subairi, and R. Wikantiyoso,
“Sistem kontrol suhu dan waktu otomatis mesin roasting kopi
portabel,” CYCLOTRON, vol. 4, no. 2, 2021.

M. ICHWANULHADI, “Pengembangan alat kalibrator inku-
bator bayi (incubator tester) berbasis internet of things (iot),”
2024.

Y. A. Liani et al., “The broiler chicken coop temperature
monitoring use fuzzy logic and lorawan,” in 2021 3rd In-
ternational Conference on Electronics Representation and
Algorithm (ICERA), 2021, pp. 161-166.

R. Arifuddin, S. Subairi, A. B. Setiawan, M. A. Ridlo, and
A. N. Ziliwu, “Determining pid parameters for temperature
control system in cavendish banana storage room,” JEEE-U
(Journal Electr. Electron. Eng.), vol. 8, no. 1, pp. 15-23,
2024.


https://doi.org/10.1542/peds.33.2.276
https://doi.org/10.1097/ANC.0000000000000519
https://doi.org/10.1145/3330482.3330527
https://doi.org/10.1145/3330482.3330527
https://doi.org/10.23919/EECSI48112.2019.8976917
https://doi.org/10.18196/jrc.v4i3.18327
https://doi.org/10.3390/smartcities7030055
https://doi.org/10.29207/resti.v7i2.4728
https://doi.org/10.29207/resti.v7i2.4728
https://doi.org/10.35882/teknokes.v17i1.643
https://doi.org/10.35882/teknokes.v17i1.643

	Introduction
	Research Methods
	System Block Diagram
	Fuzzy Membership Functions with Matlab

	Results and Discussion
	Testing Temperature Sensor and Humidity (Sensor SHT-11)
	Fuzzy Logic Test

	Conclusion

