Journal of Applied Informatics and Computing (JAIC)
Vol.10, No.3, June 2026, pp. 2512~2519

e-ISSN: 2548-6861

2512

Development of an loT-Based Broiler Chicken Coop Air Quality

Panangian Mahadi Sihombing **, Maharani Putri 2*, Tuti Adi Tama Nasution ***, Muhammad Fiza Lubis
Agung Dermawan

Monitoring Prototype

47, Aulia

[

, Muhammad Syahruddin

* Electrical Engineering, Department of Electrical Engineering, Medan State Polytechnic, Indonesia
** Telecommunication Engineering, Department of Electrical Engineering, Medan State Polytechnic, Indonesia

*** |ndustrial Engineering, Faculty of Engineering, Al-Azhar University, Indonesia

****Management Engineering, Faculty of Industrial Technology, Batam Institute of Technology, Indonesia
panangianmahadi @polmed.ac.id *, maharaniputri@polmed.ac.id ?, tutiaditama@polmed.ac.id 3, fizalubis83@gmail.com *

agung.dermawan29@gmail.com ®, msyahruddin@polmed.ac.id ®

Article Info

ABSTRACT

Article history:

Received 2026-04-25
Revised 2026-05-16
Accepted 2026-05-25

Keyword:

Air Quality,

Broiler Chicken Coop,
10T,

ThingSpeak,
Monitoring.

Inadequate air quality in the cage causes broiler chickens to become stressed,
resulting in suboptimal weight gain, even death, and crop failure. Adequate broiler
chicken cage air quality parameters include: a temperature range of 22 °C to 32 °C
(depending on the chicken's age), a humidity range of 45% to 65%, an O, level of>
19.6%, an NHgs level of < 10 ppm, a CO level of < 10 ppm, and a CO; level of <
3,000 ppm. Therefore, a technology is needed to monitor the air quality of the
chicken coop in near real time. Thus, farmers can provide appropriate and prompt
handling to maintain good air quality in the chicken coop. The purpose of this
research is to develop a prototype for monitoring the air quality of broiler chicken
coops hased on loT. The method used is research and development (R&D) with a
prototype manufacturing approach based on the Internet of Things (loT). The
prototype was developed using temperature and humidity sensors (DHT22), NHs,
0., CO, and CO, sensors. Each sensor is connected to the ESP32, which processes
the data and displays it on the liquid crystal display (LCD) and the Thingspeak
dashboard. Prototype testing was conducted by comparing the measurement results
with those from standard measuring instruments in a closed container. Based on the
test results, the prototype measured air quality accurately. This is evidenced by the
mean absolute error (MAE) values for each measurement result of the O, sensor, CO
sensor, CO, sensor, DHT22 sensor, and A02YYUW sensor, which are 0.10 % Vol,
4.46 umol/mol, 24.20 ppm, 0.71 °C, and 0.13 cm, respectively. Thus, this prototype
offers an advantage in measuring air quality in near real time using loT.

This is an open access article under the CC-BY-SA license.

l. INTRODUCTION

The main problem currently faced by broiler chicken
farmers is the difficulty of maintaining cage conditions
suitable for broiler chickens. One of the factors causing these
difficulties is that farmers do not know, in near real time, the
values of parameters that affect the condition of chicken
coops. So that farmers cannot provide proper, fast handling to
re-optimize the cage's condition when its quality decreases.
This causes chickens to become stressed, resulting in
suboptimal weight gain and potentially leading to death and

crop failure. Important factors that affect the condition of
chicken coops and help them remain optimal include
sufficient feed and drinking water, as well as adequate air
quality [1], [2]. This study focuses only on real-time
monitoring of air quality in broiler cages using the Internet of
Things (loT) [3]. Adequate air quality for broiler chicken
coops is if it has the following parameters, namely
temperature between 22 °C — 32 °C (according to the age of
the chicken), humidity between 45% — 65%, O, gas > 19.6%,
NHz gas < 10 ppm, CO gas < 10 ppm, and CO; gas < 3000
ppm [4], [5]. Based on this, an innovation that can measure
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air quality in chicken coops in near real time and with high
accuracy is important to further develop. As well as an
innovation that can automatically notify farmers when air
quality is suboptimal. This innovation is important to develop
because currently, some farmers only measure temperature,
humidity, and NHs levels to assess cage quality. In addition,
there has been no research on air quality monitoring within
the cage to determine O,, CO, and CO- levels. Research [6],
[7] has resulted in a Fuzzy and loT-based logic chicken coop
temperature and humidity control and monitoring system.
Research [8] has led to the development of an loT-based
automated system for monitoring animal feed and cage
temperature. Research [9] has led to the development of an
loT-based system for monitoring air quality, temperature, and
cage hygiene. However, the measured air quality is only NHs.
Research [10], [11], [12] has focused only on NHs; gas
monitoring and control. Research [13], [14], [15] has not yet
measured Oz, CO, and CO; levels.

The innovation developed aims to provide farmers with
real-time air quality data from broiler chicken coops via
Android. Based on previous research, this innovation is
unique: it not only measures temperature, humidity, and NHs
gas. However, the innovation also measures Oz, CO, and COx.
This research can completely overcome farmers' problems in
monitoring air quality parameters. Thus, the research has also
addressed the limitations of previous research on measuring
air quality parameters. Previous research has only monitored
NHs, temperature, and humidity; no one has integrated O,
CO, and CO: monitoring in a single, accurate, low-cost 10T
system. This prototype fills that gap by providing a complete,
calibrated five-parameter air-quality solution.

Il. METHOD

This study employs the research and development (R&D)
method, using an loT-based prototype development approach.
The research flow diagram is shown in the following Figure
1. Problem identification was based on the results of previous
research, field surveys, and interviews with broiler chicken
farmers. Based on the identification results, the problems
farmers often experience and the appropriate cage air quality
parameters for broiler chicken farming were determined.
Furthermore, a literature study was conducted on various
sources, including articles, reference books, and the internet.
This is needed to determine a problem-solving approach to
developing a prototype to monitor chicken-cage air quality in
near real time [16].

Prototype development was carried out by adding the
ability to measure Oz, CO, and CO;, gases, in addition to the
previously measured temperature, humidity, and NHs. Figure
2 is a block diagram of the prototype development. Based on
the block diagram, schematic, and wiring series have been
designed and are shown in Figures 3 and 4, respectively. The
prototype is connected to a Wi-Fi network via the router.

The prototype developed consists of several sensors: a
temperature and humidity sensor (DHT22), an O gas sensor

(SEN0322), an NHs; gas sensor, a CO gas sensor (SKU:
KL2031), and a CO, sensor (SENO0159). Each sensor is
connected to an ESP32 processor, which processes the data
and displays it on an LCD and on the ThingSpeak platform.
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Figure 1. Research Flow Diagram

The ThingSpeak platform is used to display the chicken
coop's air quality on Android and on a computer. The
prototype test was conducted in a closed container by
performing combustion to vary the gas content. Then, the NH;
gas test was conducted by adding chicken manure to the
container to vary the NHs gas concentration. The air quality
parameter measurements from each sensor were then
compared with those from the standard measuring device.
Thus, the performance of each sensor can be evaluated using
the mean absolute error (MAE) [17], mean absolute
percentage error (MAPE) [18], root mean square error
(RMSE) [19], and the coefficient of determination (R2) [20].
The four formulas are calculated using Equation 1, Equation
2, Equation 3, and Equation 4 [21].
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Figure 3. Schematic Diagram of the Prototype

Figure 4. Prototype Wiring Design

1
MAE = a ?=1IYmeas. - YSensorI (1)
100% Ymeas.~Ysensor
MAPE = n ;1=1 | Ysensor (2)
1
RMSE = \/; Z?_1(Ymeas. - }’sensor)2 (3)

R2=1-— 2?—1(Ymeas._Ysensor)2 (4)

2
n
Zi_1(Ymeas._Ymeas.average)

n is the amount of measurement data. Ymeas. is the result of
measuring air quality parameters using standard measuring
instruments. Ysensor 1S the result of measuring air-quality
parameters with sensors on prototypes. Ymes. The average is
the mean of the measurement results obtained using standard
measuring instruments [22].

The use of ThingSpeak as a monitoring dashboard provides
security through unique API keys, TLS encryption for
HTTP/MQTT communications, and private channel settings.
In terms of capacity, ThingSpeak is free to store data at
intervals of at least 15 seconds, up to 3 million messages/year.
For 6 parameters with 1-minute intervals, it is still well below
the limit. In terms of scalability, the use of Thingspeak allows
the system to be extended to multiple enclosures by creating
separate channels or using a single channel with multiple
fields, and by migrating to a local MQTT server if needed.

I1l. RESULTS AND DISCUSSION

The exterior view of the developed prototype is shown in
Figure 5. Figure 5(a) is the front view of the prototype
equipped with a switch selector (ON/OFF) and two indicator
lights. In Figure 5(b), you can see the back of the prototype,
with a sensor box positioned at the height of a broiler chicken.

ox Panel |

Retaining
Frame

IPilot Lamp
On/Off)

(b)
Figure 5. Exterior Display of the Prototype

Prototype Testing
Table 1 is the specification of the sensor used to produce the
proposed prototype.
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TABLE 1. Sensor Specification
SPECIFICATIONS OF SENSORS USED g. Sensitivity: RO(in air)/Rs (in 150ppm CO) >
Sensor Specification 3 . .
Water Level | a. Operating Voltage: 3.3~5V h. Operating temperature: -10-50°C
Sensor b. standby Current: <SmA 1. Operating humidity: 15-90%RH (non-
(A02YYUW | c. Average Current: <8mA ) cqndensmg) o
-SENO0311 | d. Blind Zone Distance: 3cm J. Lifespan: 25 years (in air)
DFRobot) e. Ranging Distance for Flat Object: 3-450cm k. Dimension : 13x13 x
f. Output: UART 2.5mm/0.0.51x0.51x0.1”
g. Response Time: 100ms CO:2Sensor | a. Operating voltage:5V
h. Probe Center Frequency: 40K+1.0K Gas b. Interface: Analog (Gravity Compatible)
i. Operating Temperature: -15~60°C (SENO159 c.  One digital output
j. Storage Temperature: -25~80°C DFRobot) d.  High-quality connector
k. Sensing Angle: 60° e. Immersion gold surface
I. Protection Rate: IP67 f.  Onboard heating circuit
Temperature | a. Supply voltage: 5V g. _Size:32x42mm (1.26x1.65")
and b. Output voltage: 0-3.3V ESP-32 a. Operating voltage: 3.3V
humidity c. Temperature range: -40-80°C resolution DOIT WIFI | b. Input voltage: 7-12V (Vin)
sensor 0.1°C error <+0.5°C Bluetooth c. Digital 10 Pin (DIO): 25
(DHT22 - d. Humidity range:0-100%RH IOT ESP- d.  Analog Input Pin (ADC): 6
SEN0137 resolution0.1%RH error+2%RH 328 e. Analog Output Pin (DAC): 2
DFRobot) e. size:38 x 20mm Development | f.  UART: 3
0> Sensor a. Detection of Gas: oxygen / 02 Board g. SPL:2
Gas b. Operating Voltage: 3.3t0 5.5V DC h. 12C:3
(SEN0322 c. Output Signal: 12C output i Flash Memory 4 MB
DFRobot) d. Measurement Range: 0~25%\ol J. SRAM:520 KB
e. Maximum Measurement limit: 30%Vol k. Clock Speed: 240 MHz
f. Resolution: 0.15%Vol I. Wi Fi: IEEE 802.11 b/g/n/e/i
0. Sensitivity: (0.10+0.05) mA (in the air) m. Modes supported: AP, STA, AP+STA
h.  Stability: <2% (Every month) n. CP2102 USB controller
i. Repeatability: <2% LCD 1602 a. 1602-character LCD with 12C module for
J. Response Time: <15 seconds Character Arduino
k. Operating Temperature: -20~50°C g'“il_ " b. IISCN: Typzei_Chafaitgr -
; S (0 Q00 acklig c. Displays 2 lines x 16 characters.
: Coor;gsrt::a%igﬁ?ldlty' 0~ 99%6RH (no With 12C d. Voltage: 5 \% DQ
m. Pressure Range: standard atmospheric Serial e. Module dimensions: 80mm x 35mm x 11mm.
pressure +10% Interface f. Area: 64.5mm x 16mm
n. Lifetime:> 2 years (in the air) Module g. Features IIC/12C 4 cables
0. Dimension (L x W x H): 37 * 27 * 24,5 LCD 2004 a. 2004 Character LCD with 12C module for
mm/1.46 * 1.06 * 0.97 inches Character Arduino
p. Weight: 0.037kg Blue _ b. L(_:M Type:_Character
MEMS NHz | &, Gas detected: NH3 Bgckllght c. Displays 4 lines X 20 characters.
Sensor Gas | b. Detection range: 1-300ppm ‘é\’;?allzc g' I\:/eoagﬁgees' I5IC\://I2CC::4 cables
(SENO0567 c. Operating voltage: 3.3-5V o
DFRobot) d. Operating current: <20mA Interface f. Size: 60mm X 99mm
e. Output signal: Analog voltage Module
f.  Load resistance (RL) :4.7KQ g::gerB E- 'Sggtl: 010'[02'[4%\(/: gg/%n:M
e L . . utput: ax
g. gensmwty. RO(in air)/Rs (in 50ppm NH3) > ¢, USB2 Output DC 5V/2A Max
h' Operating temperature: 'lO'SOOC d USBl+USBZ Output: DC 5V/21A MaX
i.  Operating humidity: 15-90%RH (non- e.Micro USB Cable
condensing) )
j.  Lifespan: =5 years (in air) Table 2 shows the type of sensor and reference measuring
k. Dimensionl13x13 x 2.5mm/0.0.51x0.51x0.1” instrument used to measure the performance of the proposed
MEMS CO | a. Gas detected: CO prototype.
Sensor gas b. Detection range: 5-5000ppm
(SENO0564 c. Operating voltage: 3.3-5V
DFRobot) d. Operating current: <20mA
e. Output signal: Analog voltage
f.  Load resistance (RL) : 4.7KQ
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TABLE 2.
SENSORS AND REFERENCE MEASURING INSTRUMENTS USED
No. Parameter Sensor Reference Tools
1. Water Level A02YYUW | SNDWAY Digital
(cm) — SENO0311 Laser Distance Meter
DFRobot 40
2. Temperature | DHT22 — Calibration
(°C) SENO0137 Thermometer
DFRobot
3. Humidity DHT22 - SNDWAY Single
(%) SENO0137 CO2 Gas Detector
DFRobot Portable SW-723
4. Oxygen Gas | O2 SEN0322 | SNDWAY Gas
(%Vol) DFRobot Detector 4in 1 CO
H2S Oz Combustible
Gas Sensor Air Pump
SW 7500A
5. Ammonia MEMS NHz | Ammonia Gas
Gas (NHs — SENO0567 Detector Smart
ppm) DFRobot Sensor AR8500
Tester
6. Carbon CO SNDWAY Gas
Monoxide SEN0564 Detector 4in 1 CO
Gas (CO - DFRobot H2S O2 Combustible
pmol/mol) Gas Sensor Air Pump
SW 7500A
7. Carbon CO2 SNDWAY Single
Dioxide Gas | SEN0159 CO2 Gas Detector
(COz2—ppm) | DFRobot Portable SW-723

The prototype test is shown in Figure 6. In Figure 6(a),
you can see a closed container that is used as a gas trap to
produce variations in gas levels. Variations in gas levels are
carried out by burning and feeding chicken manure. Figure
6(b) shows the interior of the test container, which consists of
a prototype sensor box, several gas-measuring instruments,
and a tripod used to photograph the display on each
instrument.

/1 Sensor =8
Sl (Cable —
Air Gas
Analyzer

x

[Prototype
Panel Box

[Sensor
T'est Box

e

e

sensor Cable
‘to Test Box \
/o

@ (b)

Figure 6. Testing Prototypes on Containers

Figure 7 shows the results of the air quality parameter test.
Figure 7(a) is the LCD display of the air quality readings from
each prototype sensor. Figure 7(b) is the display of the air
quality reading results of each standard measuring instrument
used.

Figure 7. Test Result Display

Testing in a closed container aims to evaluate the sensor's
intrinsic accuracy over a controlled concentration range.
However, the actual conditions of the cage have air
circulation, temperature fluctuations, and dynamic sources of
contaminants. Figure 8 is a test of the proposed prototype in a
broiler chicken coop with a capacity of 10,000 heads. Each
parameter has 100 samples, with data captured every 30
seconds.

(d)
Figure 8. Field Testing of Proposed Prototypes

Figure 8(a) shows the entire testing team of the proposed
prototype that has arrived at the closed house-type broiler
chicken coop. Figure 8(b) shows the inside of a chicken coop
consisting of thousands of chickens partitioned into blocks.
Figure 8(c) shows the air quality sensor box section of the
proposed prototype, positioned parallel to the chicken's
height. Figure 8(d) is a view of the ThingSpeak platform that
has been connected to the proposed prototype.

Test Results

Testing of the O, gas sensor was carried out on up to 54
samples, and a comparison graph was produced, as shown in
Figure 9. Based on Figure 9, the O, level decreases as the
combustion duration increases in the container. This is due to
the combustion process, which requires O, gas, while the
container is tightly closed. Thus, O, gas from outside cannot
quickly enter the container. Based on the figure, the curve
measured by the standard instrument overlaps with that of the
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dominant O, gas sensor. Furthermore, by using model
evaluation metrics such as Equation 1, Equation 2, Equation
3, and Equation 4, it can be calculated that the MAE values =
0.1 % Vol, MAPE = 0.57 %, RMSE = 0.14, and R2=0.98 can
be calculated.
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Figure 9. O, Gas Measurement Results

Figure 10 shows a comparison of CO gas measurements
from the CO sensor on a prototype and a standard measuring
instrument, with a sample count of 54. From the image, it
appears that the two curves are almost intertwined.
Furthermore, using the evaluation metric formula, the values
are MAE = 4.46 umol/mol, MAPE = 2.03%, RMSE = 4.81,
and R2 = 0.99. Based on the image, the CO gas level in the
container also increases with combustion duration. This is
caused by combustion in the container, where the limited O,
leads to incomplete combustion and the production of CO.
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Figure 10. CO Gas Measurement Results

CO; gas levels were measured in 15 samples, as shown in
Figure 11. The limited number of CO, gas measurement
samples was due to the combustion process using candles in
the container. The combustion process produced CO. at a
level that was too high, causing the container level to exceed
the upper limit of the standard measuring instrument. In
addition, the image shows an increase in CO; levels resulting
from combustion. The CO; gas measurement curve from the
sensor on the prototype aligns with that of the standard
measuring device. Using evaluation metrics, the values are

MAE = 24.20 ppm, MAPE = 0.36%, RMSE = 32.20, and R?
=0.99.

€02 Gas Testing

10,000

ppm]

® 002 Gas Analyzer

COZ Sensor

Figure 11. CO, Gas Measurement Results

Temperature measurements were carried out by a DHT22
sensor in 54 samples. A comparison of temperature
measurements from a standard instrument and the DHT22
sensor is shown in Figure 12. From the image, it is clear that
the two curves never overlap. Furthermore, using the metric
formula, the evaluation yields MAE = 0.71 °C, MAPE =2.28
%, RMSE = 0.73 °C, and R2=0.95. Based on the image, there
is also an increase in the air temperature inside the container.
This is caused by combustion within the container, which
releases heat.

DHT22 Sensor Testing

)
i

- ® Temperature Gauge

Temperature (°C

DHT22 Sensor

29.0

10:12:00 10:19:12 10:26:24 10:33:36

Time (Hour:Minutes:Second)

Figure 12. Air Temperature Measurement Results

The results of the 10T performance test on the prototype
through the ThingSpeak platform are shown in Figure 13. The
ESP32 reads the sensor every 2 seconds, averages the
readings over 30 seconds, and then sends the data to
ThingSpeak via an HTTP GET request every 30 seconds. If
the delivery fails, the data is stored in temporary memory, and
the delivery is retried. A 30-second interval was chosen to
balance real-time monitoring and the limitations of the
ThingSpeak API.
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Figure 13. ThingSpeak Platform View

Figure 13(a), Figure 13(b), Figure 13(c), Figure 13(d), Figure
13(e), Figure 13(f) are the curves of the measurement of O,
gas, CO gas, CO gas, NHs gas, temperature and humidity,
respectively. The proposed prototype provides information on
chicken coop air quality via the internet, enabling near-real-
time monitoring. The resistance test to internet interruptions
(unstable) is carried out by the ESP32, which temporarily
stores data in a buffer or saves it to microSD, then resends it
after reconnection.

Discussion

Table 3 presents the evaluation metrics for each prototype
sensor. Based on Table 1, the R? values for each sensor exceed
0.9, indicating a strong correlation between each sensor and
the standard measuring instrument. This study has developed
a more comprehensive prototype for 10T-based monitoring of
air quality parameters in chicken coops than previous
research.

TABLE 3.
RESULTS OF PROTOTYPE EVALUATION METRICS
Sensor MAE MAPE RMSE R?
02 (% Vol.) 0,10 0,57 0,14 0,98
CO (umol/mol) 4,46 2,03 4,81 0,99
CO2 (ppm) 24,20 0,36 32,20 0,99
DHT22 (°C) 0,71 2,28 0,73 0,95

Table 4 presents the reference values for the MAE and
RMSE evaluation metrics to determine the sensor's accuracy
limit. Based on the comparison of the two tables, the MAE

and RMSE values for the O,, CO, and CO-, gas sensors remain
within the reference range. The MAE and RMSE values for
the DHT?22 sensor are outside the reference range. Based on
this, the O,, CO, and CO. gas sensors provide accurate
measurements. Meanwhile, the DHT22 sensor provides quite
accurate measurements.

TABLE 4.
MAE AND RMSE (ACCURATE SENSOR) REFERENCE

Sensor MAE and RMSE References
02 (% Vol.) 0,2-0,5
CO (umol/mol) 3-10
CO:2 (ppm) 10-50
DHT22 (°C) 0,1-05

Table 5 presents the average air quality measurements in
closed-house broiler chicken coops for each sensor section of
the proposed prototype. Based on the table, it can be seen that
the average of each parameter, namely temperature of 28.55
°C, humidity of 81.47%, CO gas of 3.2 ppm, NHj; gas of 3.07
ppm, CO; gas of 669.52%, and O, gas of 20.19 %Vol. Based
on the average measurements, the air quality in the chicken
coop meets the adjusted standard values, except for humidity.
The humidity in the chicken coop exceeds the maximum limit
of 65%. Increased humidity can raise NHs gas levels, but this
increase can be mitigated with adequate litter and exhaust fans
in the enclosure. Table 6 is the result of the calculation of the
standard deviation of each sensor part of the prototype.

TABLE 5.
AVERAGE MEASUREMENT RESULTS IN THE FIELD
Parameter Min. Max. Ideal Avg. Avg.
I,ecr;‘perat“re 28,10 | 29,00 (27-34) | 28,55
Humidity (%) 80,00 82,90 (45-65) | 81,47
CO (ppm) 2,90 3,50 <10 3,20
NHs (ppm) 0,00 15,00 <10 3,07
COz 669,5
(umol/mol) 623,00 755,00 <3.000 2
02 (%Vol) 20,14 20,27 >19,6 | 20,19
TABLE 6.
STANDARD DEVIATION OF FIELD MEASUREMENT RESULTS
Parameter Ideal Std. Dev. Std. Dev.
Temperature (°C) <0,50 0,29
Humidity (%) <2,00 0,77
CO (ppm) <5,00 0,17
NHs (ppm) <5,00 3,88
COz (umol/mol) <50,00 14,27
02 (%Vol) <0,50 0,03

Based on Table 6, the standard deviation for each sensor
meets the ideal standard deviation. This indicates that each
sensor has good measurement stability. Low-cost
electrochemical sensors (CO SEN0564 DFRobot, MEMS
NHs; SEN0567 DFRobot, and SEN0159 DFRobot (CO-))
have limitations, including susceptibility to drift over time
and sensitivity to temperature/humidity. Mitigation measures
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for these deficiencies include calibration before testing,
heating the sensor as specified in the datasheet,
temperature/humidity compensation (if applicable), and
periodic revalidation. The recommended action is to replace
the gas sensor every 6-12 months in a corrosive broiler
chicken coop environment.

1VV. CONCLUSION

Based on the test results, the prototype development yields
accurate measurements of air quality parameters, and the
model evaluation metrics meet the reference standards. In
addition, the prototype has also been integrated with loT
technology through the ThingSpeak platform. This research
can be advanced by integrating exhaust fans and lighting in
chicken coops. Both devices can work automatically to
produce adequate air quality for broiler chicken farming.
Further research will integrate a relay module to power an
exhaust fan, a heating light, a cooling pad pump, or an
automatic notification sender via Telegram/Blynk when
parameters exceed their thresholds, so that the system not only
monitors but also responds.

ACKNOWLEDGMENTS

The research team would like to thank the Directorate
General of Research and Development (Ditjen Risbang) and
the Ministry of Higher Education, Science, and Technology
(Kemdiktisaintek) of the Republic of Indonesia for funding
the 2025 Research Downstream Program - Model and
Prototype Testing.

BIBLIOGRAPHY

[1] Suhendra, H.-T. Lin, V. S. K. Adi, and A. Herawati, “Feature-
driven optimization for growth and mortality prevention in poultry
farms,” Poult. Sci., vol. 104, no. 11, p. 105869, Nov. 2025, doi:
10.1016/j.psj.2025.105869.

[2] Y. Achour, A. Ouammi, and D. Zejli, “A predictive control strategy
for optimal operation of a chicken coop integrated microgrid,”
Smart Agricultural Technology, vol. 12, p. 101239, Dec. 2025, doi:
10.1016/j.atech.2025.101239.

[3] P. M. Sihombing, Usman, H. A. Samosir, and C. I. Cahyadi, “An
10T Prototype for Temperature Monitoring and Automatic Control
of Electric Motor,” Jurteksi, vol. IX, no. 4, pp. 559-566, Sep. 2023,
doi: 10.33330/jurteksi.v9i4.2255.

[4] Domi Sattyananda, “Kualitas dan Sirkulasi Udara yang Baik untuk
Kandang Broiler,” Poultry Indonesia. Accessed: May 18, 2025.
[Online]. Auvailable:

https://www.poultryindonesia.com/id/kualitas-dan-sirkulasi-
udara-yang-baik-untuk-kandang-broiler/

[5] M. Z. Siregar, P. Sihombing, M. Mawardi, S. |. Rezkika, M. Fauzi,
and M. Vionita, “Prototipe Monitoring Level Air dan Kualitas
Udara Kandang Ayam Broiler Berbasis IoT,” Elektriese: Jurnal
Sains dan Teknologi Elektro, vol. 14, no. 01, pp. 43-50, Jul. 2024,
doi: 10.47709/elektriese.v14i01.4263.

[6] A. F. Trinaldi, “Sistem Kontrol dan Monitoring Suhu Kelembaban
Kandang pada Peternakan Ayam Broiler dengan Metode Logika
Fuzzy Mamdani Berbasis Internet of Things,” Prosiding Sains
Nasional dan Teknologi, vol. 12, no. 1, p. 349, Nov. 2022, doi:
10.36499/psnst.v12i1.7046.

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Novita Kurnia Ningrum, Tiara Widya Kusuma, lbnu Utomo
Wahyu Mulyono, Ajib Susanto, and Yupie Kusumawati, “Sistem
Monitoring Suhu dan Kelembaban Kandang Ayam Berbasis
Internet of Things (IoT),” Jurnal Elektronika Dan Komputer, vol.
16, no. 2, pp. 278-285, Dec. 2023, doi:
10.51903/elkom.v16i2.1153.

H. Hilmansyah, G. Purwanto, R. Irawati, and T. W. Wishjnuadji,
“Pakan Ternak Otomatis dan Monitoring Suhu Kandang Berbasis
Internet of Things,” in 2nd Seminar Nasional Mahasiswa Fakultas
Teknologi Informasi (SENAFTI), Jakarta: 2nd Seminar Nasional
Mahasiswa Fakultas Teknologi Informasi (SENAFTI), Mar. 2023.
R. Nur Ariefin and Suryanto, “Sistem Monitoring Kualitas Udara,
Suhu dan Kebersihan Kandang Ayam Otomatis Berbasis Internet
of Things,” 2023. [Online]. Available:
http://jurnal.bsi.ac.id/index.php/imtechno

M. Wicaksono, B. Fatkhurrozi, and H. Teguh Setiawan, “Sistem
Monitoring Jarak Jauh Pada Peternakan Kandang Ayam Petelur
Terintegrasi Telegram,” Jurnal llmiah Multidisiplin, vol. 3, no. 2,
2024.

M. Rizky, H. Noviandi, and S. T. Herwandi, “Implementasi
Metode PID Pada Sistem Kontrol Gas Amonia Dalam Prototype
Kandang Ayam Berbasis [oT,” 2024.

R. N. Wakidah, S. Zaenab, N. Haqg, Y. A. Andrianto, and A. M.
Damayanti, “Pemodelan Sistem Monitoring dan Kontrol Kadar
Gas Amonia pada Kandang Ayam sebagai Upaya Meningkatkan
Kesehatan dan Kualitas,” Jurnal Teknik Elektro Indonesia, vol. 5,
no. 1, pp. 22-31, 2024.

M. N. Arifin, M. Hannats, H. Ichsan, and S. R. Akbar, “Monitoring
Kadar Gas Berbahaya Pada Kandang Ayam Dengan Menggunakan
Protokol HTTP Dan ESP8266,” 2018. [Online]. Available: http://j-
ptiik.ub.ac.id

F. Indriana Fitriasari, M. Syarieffuddien Zuhrie, P. Wanarti
Rusimamto, and N. Kholis, “Febi Indriana Fitriasari: Perancangan
Sistem Monitoring Perancangan Sistem Monitoring dan
Controlling Kandang Ayam Berbasis Internet of Things,” 2020.
[Online]. Available: https://journal.unesa.ac.id/index.php/inajet

R. M. Yasi and A. T. Candra, “Analisis Sistem Otomatisasi
Kandang Ayam Boiler Berbasis 10oT,” Journal of Science and
Technology Naskah, vol. 2, no. 2, pp. 183-195, Mar. 2022.

A. Ramadhan et al., “Prototipe Sistem Proteksi dan Peningkatan
Efisiensi Penggunaan Pompa dan Kincir Air Tambak Berbasis
IoT,” Elektriese: Jurnal Sains dan Teknologi Elektro, vol. 14, no.
01, pp. 33-42, 2024, doi: 10.47709/elektriese.v14i01.4183.

C. Banciu, A. Florea, and R. Bogdan, “Monitoring and Predicting
Air Quality with IoT Devices,” Processes, vol. 12, no. 9, p. 1961,
Sep. 2024, doi: 10.3390/pr12091961.

H. Tang et al., “Multi-Scenario Validation and Assessment of a
Particulate Matter Sensor Monitor Optimized by Machine Learning
Methods,” Sensors, vol. 24, no. 11, p. 3448, May 2024, doi:
10.3390/524113448.

J. A. Abdinoor et al., “Performance of Low-Cost Air Temperature
Sensors and Applied Calibration Techniques—A Systematic
Review,” Atmosphere (Basel)., vol. 16, no. 7, p. 842, Jul. 2025, doi:
10.3390/atmos16070842.

M. Tastan, “Machine Learning—Based Calibration and
Performance Evaluation of Low-Cost Internet of Things Air
Quality Sensors,” Sensors, vol. 25, no. 10, p. 3183, May 2025, doi:
10.3390/s25103183.

P. M. Sihombing, M. Pinem, and S. I. Rezkika, “Analysis of the
selection of propagation models from outside into the building at
1800 MHz and 2100 MHz,” SinkrOn, vol. 5, no. 2, pp. 239-250,
2021, doi: 10.33395/sinkron.v5i2.10871.

M. Mawardi, P. M. Sihombing, and N. Yudisha, “An internet of
things-based pump and aerator control system,” Indonesian
Journal of Electrical Engineering and Computer Science, vol. 34,
no. 2, p. 848, May 2024, doi: 10.11591/ijeecs.v34.i2.pp848-860.

Development of an loT-Based Broiler Chicken Coop Air Quality Monitoring Prototype

(Panangian Mahadi Sihombing, et al.)



