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Abstract— Temperature, humidity, and ammonia gas are
critical factors that affect the health and productivity of broiler
chickens. Manual monitoring commonly carried out by farmers is
inefficient and prone to errors, thus requiring an automatic system
capable of real-time detection. This study developed a monitoring
system for temperature, humidity, and ammonia levels in broiler
chicken coops based on the IoT using the Sugeno fuzzy logic
method. The system was designed with a NodeMCU ESP8266
microcontroller integrated with a DHT22 sensor for temperature
and humidity, and a MQ-135 sensor for ammonia gas.
Measurement data are displayed in real time through an LCD,
Blynk application, and ThingSpeak allowing remote monitoring.
The decision-making process is carried out using Sugeno fuzzy
logic to classify coop conditions into safe, alert, or danger.
Experimental results show MAPE values of 2,7% for temperature
and 3,5% for humidity. The system operated continuously for 14
days and generated 1,265 consistent monitoring data points. Thus,
the proposed system assists in automatic coop monitoring and
supports increased broiler chicken productivity.
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I. INTRODUCTION

Growth and productivity of chickens are greatly influenced
by environmental conditions, particularly temperature,
humidity, and air quality inside the coop. In tropical countries
such as Indonesia, managing coop temperature is crucial since
chicks require an environment below 30°C [1]. Chickens’
inability to regulate their body temperature in hot environments
can trigger heat stress, which is affected by high temperature,
humidity, and air circulation, with temperature being the most
dominant factor [2]. This condition results in increased water
intake, decreased feed consumption, watery feces, reduced
productivity, and even mortality. In addition, coop air quality
also plays an important role in maintaining chicken health, one
aspect which is influenced by the concentration of ammonia gas
(NH3) measured in parts per million (ppm) [3].

Broiler chickens are poultry with high productivity due to
their rapid growth and ability to be harvested within 5-7 weeks.
This advantage is influenced by genetic factors as well as

environmental conditions such as temperature, maintenance,
and feed, where broiler meat consumption ranked the highest
compared to other types of meat during 2019-2023.
Temperature regulation in the coop, particularly during the
brooding phase is a determining factor for achieving optimal
production performance. The utilization of control systems and
temperature sensors enables precise regulation according to the
chickens’ needs; therefore, special attention to this aspect is
crucial since failure during the brooding phase cannot be
corrected in subsequent growth stages [4].

The recommended rearing temperature for broiler chickens
is 30-32°C at 0 days of age, 28-30°C at 7 days, 25-27°C at 14
days, and 22-24°C at 21 days, with an optimal humidity range
of 30-70%. The increase in the number of poultry farmers in
Indonesia has led to problems in managing manure waste that
produces ammonia gas, thereby potentially polluting the air due
to microbial activity. The safe concentration of ammonia for
chickens ranges from 20 to 25 ppm, while a level of 25 ppm can
still be tolerated for up to 8 hours [5].

Previous studies have shown that the fuzzy method is
effective in controlling temperature, humidity, and air quality
in poultry houses. A fuzzy Mamdani-based control system with
NodeMCU ESP832 was successfully developed to regulate fans
[6], while the application of Sugeno fuzzy logic with
NodeMCU ESP8266 was used to control fans and pumps based
on temperature, humidity, and chicken age [7]. A monitoring
system for temperature, humidity, and lighting was also
designed using DHT22 and LDR sensors with fan and lamp
actuators [8]. Ammonia gas control based on Matlab with MQ-
135 and DHT11 sensors achieved an accuracy of over 97%, and
monitoring integration through the Blynk app and ThingSpeak
[9]. Other studies have shown that both Sugeno and Mamdani
fuzzy methods are capable of cntrolling actuators and
monitoring coop parameters with low sensor error rates, thus
proving the effectiveness of fuzzy logic in poultry house
environmental management [10][11].

Based on these issues, this study aims to design a detection
system for temperature, humidity, and ammonia gas levels ini
poultry houses using the Internet of Things (IoT) with the
Sugeno fuzzy method. The system is developed using a
NodeMCU ESP8266 microcontroller supported by a DHT22
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sensor for measuring temperature and humidity, and an MQ-
135 sensor for detecting ammonia gas. Measurement data are
displayed through an LCD, Blynk app, and ThingSpeak,
allowing real-time and remote monitoring. With this design, the
system is expected to provide an efficient and accurate solution
for monitoring coop conditions and supporting the
improvement of broiler chicken productivity.

II. METHOD

In general, the stages of this research can be illustrated
through the following flowchart.

Literature Review

[ Requirements Analysis ]

System software and
hardware design

System software and hardware
development

Svstem testing
can it work?

[ Data collection ]

v

[ Anzlysis and discussion ]

Figure 1. Research Flowchart

A. Literature Review

Collect references from journals related to temperature,
humidity, and ammonia detection systems based on IoT using
fuzzy methods, in order to identify the strengths and
weaknesses of previous studies.

B. Requirements Analysis

Determine the specifications of the designed system, such as
the ability to operate continuously, sensor accuracy with a
tolerance of <10%, and adaptability to changes in temperature,
humidity, and ammonia levels in the chicken coop.

System Software and Hardware Design and Development

C. Hardware/loT Design

The main system circuit consists of the NodeMCU
ESP8266, DHT22 sensor, MQ-135 sensor, 16x2 LCD, and
exhaust fan. The system circuit is shown in Figure 2.

Figure 2. Overall System Circuit

D. Fuzzy Design

Fuzzy logic is a computational method that uses linguistic
variables to replace numerical variables, allowing it to handle
complex problems more flexibly [12]. This system can operate
automatically at a level equivalent to manual control, with a
simple structure, robustness, and the ability to function in real-
time [13]. In this study, fuzzy logic is designed with inputs of
temperature, humidity, and ammonia gas levels, and an output
in the form of coop conditions (safe, alert, or dangerous) as the
basis for actuator control. For the temperature input variable,
there are three linguistic variables [14]:
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The fuzzy membership function for temperature can be
represented by the graph in Figure 3.
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For the humidity input, there are three linguistic variables
[14]:
0; x =240

;30 < x <40 4)
1;x <30
0; x<30andx =70

221530 <x < 40
)

07X . 60 < x < 70
70—60

1,40 <x < 60
0; x <60
X% 60 < x < 70 (6)

70-60’
1,x=>70

40—x
40-30

Hary [x] =

Hmoist [x] =

Pweelx] =

The fuzzy membership function for humidity can be
represented by the graph in Figure 4.
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For the ammonia gas input, there are three linguistic
variables:
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The fuzzy membership function for ammonia gas can be
represented by the graph in Figure 5.
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Figure 5. Ammonia Gas Membership Function Graph

After determining the input and output parameters, rules for
the inference process are defined. In this system, 27 rules have

been established, as presented in Table 1.

TABLEI

Fuzzy RULES IN THE DETECTION SYSTEM
No. Temperature Humidity Ammonia Coop Condition
1 Cold Dry Normal Safe
2 Cold Dry Moderate  Alert
3 Cold Dry High Alert
4 Cold Moist Normal Safe
5 Cold Moist Moderate  Alert
6 Cold Moist High Alert
7 Cold Wet Normal Safe
8 Cold Wet Moderate  Alert
9 Cold Wet High Alert
10 Normal Dry Normal Safe
11 Normal Dry Moderate  Alert
12 Normal Dry High Danger
13 Normal Moist Normal Safe
14 Normal Moist Moderate  Alert
15 Normal Moist High Danger
16 Normal Wet Normal Safe
17 Normal Wet Moderate  Alert
18 Normal Wet High Danger
19 Hot Dry Normal Safe
20 Hot Dry Moderate  Danger
21 Hot Dry High Danger
22 Hot Moist Normal Safe
23 Hot Moist Moderate  Danger
24 Hot Moist High Danger
25 Hot Wet Normal Safe
26 Hot Wet Moderate  Danger
27 Hot Wet High Danger

In the Sugeno method, the implication operator used is the
additive (sum) method with the following equation:
prlx] =min (1, pplxil + w[xi]) (10)
where pp,[x] represents the resulting value of the statement and
the consequence of the fuzzy rule. The defuzzification process

then uses the Weighted Average (WA) method with the

following formula:
_ ul1z1+p2z2+---+unzn

WA = (11)

pUl+u2+---+un

Weighted Average is a way of calculating the average by
assigning different weights to each value.
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1) Experimental Setup

The device was installed in a closed chicken coop
measuring 1x1 meters, containing 10 chicks. The coop was
built from bamboo and plywood, as shown in Figure 6.
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Figure 6. Front and Rear View of the Chicken Coop

At the front of the coop, the detection device was placed
with its LCD visible, while at the back of the coop, the exhaust
fan was installed.

The data collection period was carried out continuously for
24 hours over 14 days. Thus, the collected data could be
monitored via a smartphone using the Blynk app. The data were
then stored and visualized in graphs using ThingSpeak.
Testing and Data Collection

This testing ensures that the microcontroller program can
receive data from the sensors and forward it to the LCD, Blynk
app, and ThingSpeak. The accuracy of the DHT22 sensor for
temperature and humidity measurement is tested using the
HTC-1 Hygrometer measuring instrument.

Analysis and Discussion

TABLEII
MAPE VALUE CATEGORIES
Category MAPE Value
Very Good <10 %
Good 10-20%
Fair 20—-50 %
Inaccurate >50%

The data analysis process used a descriptive method. The
accuracy level was calculated using the Mean Absolute
Percentage Error (MAPE) and the overall performance of the
detection system was evaluated [15]. MAPE can be calculated

using the following equation:
X1-X2

MAPE =2 ?:o( 2) X 100% (12)
With X1 representing the average Value from the sensor and X2
representing the average value from the conventional
instrument, the MAPE value can be categorized into four
groups as shown in Table II [16].

III. RESULT AND DISCUSSION

This detection system consists of a NodeMCU ESP8266,
DHT22 sensor, MQ-135 sensor, LCD, exhaust fan,
incandescent lamp, and relay, which are assembled according
to the system circuit shown in Figure 2. The device assembly is
presented in Figure 7.

) Figu£e 7. Detector Device Assembly

The detection device is powered by a power supply
connected to an LM2596 regulator, which functions to reduce
and stabilize the voltage in the system to ensure safety and
prevent overvoltage.

The testing was carried out by comparing the results of the
DHT22 sensor with the HTC-1 Hygrometer measuring
instrument. The temperature testing results are shown in Table

IIL.
TABLE III
TEMPERATURE TESTING DATA

Measuring Instrument

Temperature Test Error Percentage

(°C) (Hygrometer HTC-1) (%)
23,8 25 4.8
23,6 25 5,6
25,0 25 0,0
25,3 25 1,2
25,4 25 1,6
25,7 25 2,8
26,0 25 4,0
24,6 25 1,6
25,5 25 2,0
25,9 25 3,6
MAPE 2,7

Accuracy (100% - MAPE) 97,3

Subsequently, the humidity testing results are presented in
Table I'V.

TABLEIV
HUMIDITY TESTNG DATA
Humidity Test Measuring Instrument Error Percentage

(%) (Hygrometer HTC-1) (%)
84 94 10,6
89 94 53
91 94 32
92 94 2,1
88 93 5,4
93 93 0,0
91 93 2,2
88 93 5,4
91 92 1,1
92 92 0,0
MAPE 3,5

Accuracy (100% - MAPE) 96,5
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The DHT22 sensor showed a MAPE value of 2,7% for
temperature and 3,5% for humidity. These MAPE values
indicate that the sensor falls into the “very good” category
according to the MAPE standard. During the 14-day data
collection period, the system successfully recorded 1,265 coop
condition data points. The calculation process used the Sugeno
fuzzy method by categorizing coop conditions as safe, alert, or
danger based on temperature, humidity, and ammonia gas
values. The collected data demonstrated that the system was
capable of providing consistent outputs in accordance with the
fuzzy rules. The calculation using the Sugeno fuzzy method for
each sample condition is as follows:

A. Fuzzification

The research data obtained were as follows:

1) Safe Condition
Based on data collected on August 17, 2025 at 13:00, the
temperature was 29°C, humidity was 69%, and
ammonia gas was 3 ppm.

2) Alert Condition
Based on data collected on August 20, 2025 at 19:30, the
temperature was 29°C, humidity was 90%, and
ammonia gas was 22 ppm.

3) Danger Condition
Based on data collected on August 21,2025 at 19:15, the
temperature was 28°C, humidity was 90%, and
ammonia gas was 26 ppm.

The fuzzification calculation is presented in Table V.

TABLEV
FUZZIFICATION CALCULATIONS

Coop

Condition Temperature Humidity Ammonia Gas
Safe Normal Moist Normal
u[normal] = u[moist] = u[normal] =1
30-29 70-69
30-27 70-60
=0,33 =01
Wet
_69-60
plwet] = 70-60
=09
Alert Normal Wet Moderate
u[normal] = ulwet] =1 u[moderate] = 1
30-29
30-27
=0,33
Danger Normal Wet Moderate
u[normal] = ulwet] =1 u[moderate] =
30-28 30-26
30-27 30-25
=0,67 =08
High
ulhigh] =
26-25
30-25

=0,2

Inference
1) Safe Condition, there are 2 active rules
[13] IF temperature is normal, humidity is moist, ammonia
is normal THEN safe.
 (rule 13) = min (0,33, 0,1, 1) = 0,1
[16] IF temperature is normal, humidity is wet, ammonia
is normal THEN safe.
p (rule 13) = min (0,33, 0,9, 1) = 0,33
2) Alert Condition, there are I active rule
[17] IF temperature is normal, humidity is wet, ammonia
is moderate THEN alert.
p (rule 17) =min (0,33, 1, 1) = 0,33
3) Danger Condition, there are 2 active rules
[17] IF temperature is normal, humidity is wet, ammonia
is moderate THEN alert.
u (rule 17) = min (0,67, 1, 0,8) = 0,7
[18] IF temperature is normal, humidity is wet, ammonia
is high THEN danger.
u (rule 18) = min (0,67, 1, 0,2) = 0,2

B. Defuzzification

The defuzzification results show coop conditions as safe, alert,
or danger, represented by the values z;= 0 (safe), z,= 1 (alert),
and z5= 2 (danger).

1) Safe

WA = 2 Hrule 131+ Hrule 1621

Mrule 13t Hrule 16
_0,1.040,33.0 _

0,140,33 043

2)  Alert
WA = 2 Hrule 1722

Hrule 17
_0331_033 _
~ 033 033

3)  Danger
> Zo+ Z
WA = Hrule 17-22tHrule 1823

Hrule 17 tHrule1s
0,67.1+0,2.2 1,07
=——="—=1,23

0,67+0,2 0,87

In this study, based on fuzzy calculations, the lamp will
always be on in all conditions. When the chicken coop is in a
dangerous condition, the exhaust fan will turn on. Overall, the
system was able to operate as intended and successfully monitor
coop conditions automatically. The information was clearly
displayed through the LCD, Blynk, and ThingSpeak, allowing
remote data access. With high accuracy and continuous
monitoring capability, this system is considered effective in
supporting chicken coop environmental management. The
Blynk app interface is shown in Figure 8.
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Figure 8. Blynk App Display

The visualization of data in graphs on ThingSpeak is shown in
Figures 9 and 10.
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Figure 9. Temperature Data Reading Graph
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Figure 10. Humidity Data Reading Graph

The test results show that the temperature and ammonia gas
detection system developed using the Sugeno fuzzy logic
method can operate in real time withina 1 m x 1 m x 1 m
chicken coop containing ten 3-day-old chicks. The experiment
was conducted for 14 days in real time and successfully
collected a total of 1,265 data points.

Data obtained from the DHT22 and MQ-135 sensors were
transmitted in real time to ThingSpeak via the internet as the
data communication medium. The stored data on ThingSpeak
were then forwarded to the Blynk application to display the
outputs of both sensors and the system’s environmental
condition decisions. Based on the fuzzy logic decision results,
the actuator control operated as follows: in Safe and Alert
conditions, only the lamp was activated, while in Danger
conditions both the lamp and the exhaust fan were activated
simultaneously.

During the 14-day data acquisition period, the coop
temperature generally remained within the normal range, the
humidity level tended to fall within the wet category, and the
ammonia concentration remained at a normal level. Humidity
could be reduced to the moist range with the assistance of the
lamp heater; however, this process required approximately 10—
15 minutes to produce a significant effect. The lamp heater
proved insufficient for rapidly reducing humidity, resulting in
persistently high humidity levels for extended periods. Due to
excessive humidity conditions, one chick died during the
experiment. Thus, humidity control is a crucial aspect of the
coop environmental management system, and a more effective
heating mechanism is required to optimize humidity regulation.

IV. CONCLUSION

The IoT-based detection system for temperature, humidity,
and ammonia gas using the Sugeno fuzzy method successfully
operated in real time and demonstrated high accuracy in
monitoring broiler chicken coop conditions, achieving MAPE
values of 2,7% for temperature and 3,5% for humidity. Over 14
days of testing, the system generated 1,265 consistent data
points and accurately classified coop conditions (safe, alert,
danger) according to the established fuzzy rules. However, this
study has several limitations, including suboptimal humidity
control due to reliance on a single heating lamp, sensor
sensitivity constraints, and testing conducted in a small-scale
coop that does not fully represent real farm environments.
Therefore, future research is recommended to incorporate more
effective heating or dehumidification systems, employ
additional and more accurate sensors and actuators, conduct
experiments on larger-scale coops, and integrate advanced IoT
and artificial intelligence approaches to enhance prediction
capabilities and automated decision-making.
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