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Abstract. Chicken productivity increases every year, resulting in air pollution in the form of NH3
generated by chicken waste, which is felt by the residents living around the chicken coop. The
purpose of this research is to design an ammonia gas control system using Matlab, with the
ammonia gas sensor MQ-135 and the humidity sensor DHT11 as parameters, to minimize the
ammonia gas levels. This system operates by transmitting information about the condition of
ammonia gas levels using a fuzzy logic control system as the technical decision-making
mechanism for driving the exhaust fan based on data from the DHT11 and MQ-135 sensors. In
this research, the fuzzy logic method was employed to determine the membership functions for
the DHT11 sensor (dry, moist, wet) and MQ-135 sensor (normal, moderate, high), resulting in
decisions of safe, moderate, and dangerous levels. The data is monitored on a platform through
the Blynk app and Thingspeak, thus connecting the Internet of Things (loT) to the internet network
using the NodeMCU ESP8266 as the microcontroller. This research yields an ammonia gas control
system that effectively manages air quality affected by chicken waste, with sensor accuracy levels
exceeding 97%.
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INTRODUCTION

In the context of food availability, livestock products play a crucial role as one of
the sub-sectors of agriculture that significantly contribute to meeting food needs. Animal
products, in particular, serve as the primary source of human nutrition and animal protein
[1, 2, 3, and 4]. According to data from the Ministry of Agriculture of the Republic of
Indonesia in 2020, the population of meat-type chickens reached an impressive figure of
2,970,494,000 individuals, with meat production totaling 3,275,326,000 tons [5].
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The population size and production of broiler chickens must be balanced with an
increase in farmer awareness to maintain cleanliness in the poultry houses and the farm
environment to prevent pollution from chicken waste [6, 7, 8, 9, and 10]. Government
Regulation of the Republic of Indonesia No. 28 of 2004 on the safety, quality, and
nutrition of food reflects the importance of maintaining cleanliness in poultry houses as
a step to reduce chicken waste pollution. Pollution is often caused by a lack of awareness
among farmers in maintaining cleanliness and the environment within the poultry houses
[11, 12, 13, 14, and 15]. Accumulated chicken waste leads to an increase in daily waste
production, which, when multiplied by the chicken population, can significantly elevate
the levels of chicken waste pollution. This results in the release of harmful gases such as
ammonia and methane. Complaints from the surrounding community about the odor
from the poultry houses are also a negative consequence of improper poultry house
management [16, 17, 18, 19, and 20], which occurs due to sudden changes in feed that
make the poultry house wet and emit a strong odor.

The primary sources of ammonia gas (NH3) include the chemical industry, oil
refineries, coal furnaces, livestock barns, and fuel combustion [21, 22, 23, 24, and 25].
Ammonia in the atmosphere originates from various sources, including the
decomposition of waste, fertilizer manufacturing industries, and fertilizer usage. From
these sources, ammonia is founds in the air, soil, and water. Ammonia exists as a gas near
industrial waste sites, in water solution in ponds or bodies of water near waste sites, and
can also be found adhered to soil particles in waste disposal areas [26, 27, 28, 29, 30, and
31].

Ammonia (NH3) is a colour less gas with a boiling point of -33°C. Ammonia gas is
lighter than air, with a density of approximately 0.6 times that of air at the same
temperature. The sharp od or of ammonia can be detected at low concentrations of 1-5
ppm [32, 33, 34, 35, 36, 37, 38, 39, and 40]. One of the health impacts of high ammonia
levels, above 50 ppm, is irritation of the eyes and nose, throat irritation, coughing, chest
pain, and even shortness of breath [26].

Factors contributing to the presence of this chemical compound include the
accumulation of chicken waste, temperature, and room humidity. Temperature and room
conditions can influence the concentration of the formation of harmful gases that occur
during the decomposition of chicken waste. This can result in health problems such as
reduced appetite in animals, decreased chicken productivity, and respiratory
disturbances in people near chicken coops [41, 42, 43, 44, 45, 46, and 47]. Inhaling
ammonia gas can cause respiratory problems, irritation of the eyes, nose, and throat, and
in severe cases, when it reaches a concentration measured in PPM (Parts Per Million), it
can lead to death.

Farmers have been making significant efforts to reduce the pollution levels in
chicken coops. These efforts encompass regular cleaning of the chicken coops, providing
natural feed additives such as palm fruit for enhanced chicken performance [39, 41, and
43], converting waste into fertilizer, and attempting to control ammonia gas levels in
chickens through the use of probiotics, prebiotics, pesticides, and basil flour [48, 49, and
50]. However, challenges arise due to the rapid formation of decomposed gases and the
absence of effective tools to mitigate ammonia (NHs) gas levels in the coops.

For this reason, the author proposes an integrated system in detecting the
presence of ammonia gas. The writing team designed a good detection system that can
monitor and control the gas to ensure the cage environment is maintained properly and
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safely. In this article, we will describe the ammonia gas control system. In its application,
using an loT-based approach ESP8266 integrated with fuzzy logic [51, 52, and 53]. This
aspect is the novelty of this study.

The development of an NH3z gas control system in chicken coops, utilizing the
ESP8266-based |oT approach and incorporating fuzzy logic, offers an effective solution
to prevent the formation of ammonia gas and maintain its levels. This system provides
farmers with convenient access and control, enabling them to monitor temperature,
humidity, and gas levels within the chicken coop, thanks to its integration with the
Internet of Things (loT).

METHODOLOGY
The research was conducted from August 21, 2021, to September 21, 2022, at the
researcher’s residence in Bekasi and at the Instrumentation Development Center of the

Indonesian Research and Innovation Agency (BRIN), LIPI Complex Building 80,
Sangkuriang Street, Bandung.

Hardware Design

The block diagram of this equipment system is as follows in Figure 1 below:
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Figure. 1 The block diagram of the hardware design system

1. The explanation of the components contained in Figure. 1, including:
2. MQ-135 sensor is used to detect and measure the concentration of ammonia gas.

3. DHT11 sensor is used to detect the temperature and humidity of the
environment.

4. Single relay module is used to control and supply electrical power.

5. LED indicators are used in the form of green and red lights.

6. Exhaust fan is used to circulate the ambient air.

7. ESP8266 is used to process and transmit data and connect to the internet.

8. LCD 16x2 is used to display the PPM value and temperature (in °C) and humidity.
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Fuzzy Logic Design

In this study, the Sugeno fuzzy logic method is employed on a microcontroller
that has acquired data from both sensors, namely MQ-135 and DHT11. Fuzzy logic is an
approach for making decisions using calculations with linguistic variable outputs. The
Sugeno method is a fuzzy inference method for rules represented in the form of IF-THEN,

where the output of this fuzzy logic is not in the form of sets but in the form of constants.

The following are the stages of fuzzy logic design as shown in Figure 2

System Fuzzy
EEaEs

Decisions:
Parameters: . 1. Safe
. Fuzzy Basic ' .
1. Ammpma Gas [ Knowledge ] 2. Caution
2. Humidity 3. Danger

Figure. 2 Stages of Fuzzy Logic Design

Stage Design System

The following is a flow diagram of the ammonia gas detection system as shown
in Figure. 3.
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Figure. 3 Stage of the ammonia gas detection system
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RESULTS AND DISCUSSIONS

A device with an ammonia gas control system using fuzzy logic has been
successfully created. This system can provide Safe, Caution, and Danger decisions
regarding ammonia gas levels in chicken coops using two sensors: the MQ-135 sensor
and the DHT11 sensor.

The readings from both sensors will be transmitted via ThingSpeak with the
internet serving as the data transmission medium. Subsequently, the data stored in
ThingSpeak will be sent to the Blynk App to display the sensor values, decisions,
suggestions, and recommendations for minimizing ammonia gas levels in the chicken
coop based on the readings from both sensors. The exhaust fan and the red LED will turn
"ON" if the fuzzy logic decision is Danger, and the red LED will turn "ON" if the fuzzy
logic decision is Caution.

The overall view of the built device as shown in Figure 4.

Figure. 4 (a) Exterior view (b) Interior view of device sensor built

Matlab is instrumental in simulating fuzzy logic methods using the Fuzzy Logic
Design tool. The simulation involves inputting linguistic variable parameters and
membership functions. With two inputs, ammonia gas and humidity, and an output
decision based on these inputs, the process involves substituting the two inputs. The
inference step contains rules to generate the output decision from the input, with the
decisions {Safe, Caution, Danger} represented in binary values as Safe (0), Caution (0.5),
and Danger (1).

The results of these fuzzy rules are implemented in the form of a rule viewer. As
an example, by inputting an ammonia gas level of 72.3 PPM and humidity of 71.4%,
following the fuzzy rules where an ammonia gas level above 50 PPM falls into the high
ammonia linguistic value range in the membership function and humidity above 65%
falls into the high humidity linguistic value range in the membership function, the
defuzzified result is 1 (Danger).
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Testing the Accuracy of the MQ-135 Sensor

The MQ-135 sensor undergoes testing by reading varying levels of ammonia gas
concentration using 25% ammonia. The sensor is placed at different distances from the
MQ-135 sensor, and calculations are performed to obtain the PPM (Parts Per Million)
value for 25% ammonia.

Testing the Temperature Sensor DHT11

The DHT11 sensor's temperature reading is tested by exposing it to flame or a
candle with temperatures ranging from 80°C to 90°C, at varying distances. Table 1 shown
the accuracy of temperature readings from the DHT11 sensor using an HTC 1
Hygrometer.

Tabel 1 Data of testing accuracy and Accuracy rate of sensor DHT11

Hygrometer Error Percentage

No. Spacing DHT11 (%) HTC 1 (%) %)
1. 5cm 45 46 2.22
2. 10 cm 47 48 2.13
3. 15 cm 50 52 4.00
4, 20 cm 51 52 1.96
5. 25 cm 52 53 1.92

Deviation Standard 2.92 3.03 0.88

Mean Absolute Percentage Error (MIAPE) 2.45
Accuracy rate (100% - MAPE) 97.55

Analysis and Performance Testing Results in Fuzzy Logic Method

The testing that has been conducted yielded results from the designed device,
and the data transmitted via NodeMCU8266 was successfully received by ThingSpeak
and the Blynk App. Data displayed on the Blynk App was recorded at intervals of every 4
seconds during three different times of the day: morning, noon, and evening.

Sampling data to measure ammonia gas levels in the chicken coop is conducted
at various times: morning, noon, afternoon, and evening as shown as Table 2 to Table
5. Data sent to the ThingSpeak cloud is recorded every 15 seconds, and the average is
calculated for each time based on the incoming data. The following are the hourly
averages and the resulting graphs from various data collection times as shown as Figure
5 to Figure 8.

The results of the morning analysis at the Chicken Livestock Coop in Sukaraya,
Cikarang, Bekasi Regency are as shown in Table 2 follows:
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Table2 The average hourly data for the morning hours (from 04:00 to 09:00)
‘:I‘;el::g‘: Tem?fg;t“re Humidity (%) NH; (PPM)
1 31.41 70.9 4.45
2 30.92 73.18 1.23
3 3343 62.77 1.59
4 32.92 58.8 246
5 33.55 66 437
6 34.62 61.17 4.34

The results of the afternoon analysis at the Chicken Livestock Coop in Sukaraya,
Cikarang, Bekasi Regency are as shown Table 3 follows:

Table 3 The average hourly data for the noon hours (from 09:00 to 14:00)
Average Temperature s 4 o
Hour of ©0) Humidity (%) NH; (PPM)
1 33.22 60.5 2.5
2 33 56.67 2.22
3 334 55.8 2.77
4 34.97 49 2.4
5 35.88 49.31 438
6 35.59 48.67 416
Hourly average chart in the morning
04.00 to 09.00
I: o
60 \\.\{./l:k\,_J
‘U; ——— w@ Temperature (°C)
30 O — e Humidity (%
20 NH3 (PPM)
{ : >
Hourly Average

Figure. 5 Average Hourly Chart in the Morning (from 04:00 to 09:00)
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The results of the afternoon analysis at the Chicken Livestock Coop in Sukaraya,
Cikarang, Bekasi Regency are as shown Table 4 follows:

Table 4 The average hourly data for the afternoon hours (from 14:00 to 19:00)
Average Temperature

Hour of 0 Humidity (%) NH; (PPM)
1 32.94 54.2 2.48
2 33.55 51.5 3.89
3 32,65 57.5 451
4 32.46 62 4.96
5 33.03 64.75 3.77
6 33.2 6433 468

Hourly Average Chart in the Afternoon
14.00 - 19.00

® - & - . -—f}—-']'l.-:npl.-'u.'-l:ujel L)
* Humaniry (%
MR (PPM)

Hourly Average

Figure. 7 Average Hourly Chart in the Afternoon (From 09.00 — 14.00)

The results of the evening analysis at the Chicken Livestock Coop in Sukaraya,
Cikarang, Bekasi Regency are as shown as Table 5 follows:

Table 5 The average hourly data for the afternoon hours (from 19:00 to 04:00)
Average Temperature

Hour of ©0) Humidity (%) NH;s (PPM)
1 33.72 62.67 4.73
2 34.6 62 476
3 34.58 62.6 4.8
4 3442 62 476
5 34,17 60.22 417
6 34.2 60.8 4.26
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Hourly Average Chart at Night Time
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Figure. 8 Average Hourly Chart in the Afternoon (From 09.00 — 14.00)

Based on the data collected at the four different times throughout the 24 hours,
it can be analyzed that each time has varying characteristics in temperature, humidity,
and NH3 levels. However, the parameter levels remain within the acceptable range.

CONCLUSIONS

The conclusion of this research is that a successfully integrated control system
has been developed, incorporating Internet of Things technology. Furthermore, the
system effectively displays data on the Blynk app and provides decision status on the
LCD screen. The Fuzzy Logic method is capable of making decisions based on data from
both sensors. In cases where the ammonia gas level exceeds 50 ppm, the Fuzzy Logic
system triggers alerts on the ammonia gas control system's LCD screen, activates a red
warning LED, and turns on the exhaust fan to control ammonia gas levels. Based on data
collected from the chicken coop at various times throughout the day, including morning,
noon, and evening, efforts have been made to minimize ammonia gas levels. This
research represents a significant advancement in the management and control of
ammonia gas levels in poultry farms, demonstrating the potential for real-time
monitoring and intervention through the integration of lIoT technology and Fuzzy Logic
methodology.
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