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Integrated chicken-fish-vegetable farming is a type of agriculture that
combines the benefits of them within a single ecosystem. The objective of
this study is to develop a control and monitoring system for integrated
greenhouse-based chicken-fish-vegetable farming using the internet of
things (10T). The monitoring method employs the integration of multi-modal
sensors in the greenhouse, consisting of a camera, water level, DHT11, pH,
TDS, DS18B20, light dependent resistor (LDR), and infrared (IR) sensor.
The camera functions as a visual monitoring tool for the farm, water level
sensor detects hydroponic water levels, DHT11 measures air temperature
and humidity, pH sensor measures water acidity, TDS sensor detects water
nutrients, DS18B20 measures pond water temperature, LDR detects weather
conditions, and IR sensor measures sunlight intensity. The processing units
used to control the sensors and output devices are the ESP32 and Raspberry
Pi. The system outputs include a relay for pump control, an LCD for text
messages, and 10T information visualization using the Blynk platform. The
results of this study demonstrate that the multi-modal sensor device can
effectively monitor the conditions of integrated greenhouse-based chicken-
fish-vegetable farming, achieving an accuracy of up to 96%, with an average
data transmission time of 6 seconds through the Blynk loT platform.
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1. INTRODUCTION

The integrated farming system represents an agricultural approach that combines multiple farming
activities within a single ecosystem, enabling each component to mutually benefit the others based on the
concept of mutualistic symbiosis [1]. In this system, chickens provide eggs for human consumption and
manure that can serve as feed for fish; fish farming yields dietary protein for communities while fish waste
supplies nutrients for hydroponic plant growth; and vegetables function as food for humans as well as
supplementary feed for chickens and fish. The chicken—fish—vegetable integrated farming concept is highly
suitable for urban or residential areas with limited land due to its simplicity and high productivity, thereby
supporting food security and self-sufficiency programs. However, urban communities often face difficulties
in implementing the chicken—fish—vegetable modern farming concept due to limited time for monitoring and
maintaining the system, which may negatively affect agricultural productivity. To address this issue, this
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study proposes the development of an integrated multi-modal sensor device to enable automatic management
of the chicken—fish—vegetable farming system through an intelligent control system and the internet of things
(1oT), which is expected to support urban farmers in advancing modern agriculture based on intelligent and
loT-enabled technologies.

The authors conducted a literature review and analyzed previous research related to the use of
intelligent system technologies and the loT integrated into integrated farming systems. Jabade et al. [2]
developed an “loTs-based smart poultry farm and fish farming system”, which proposed an loT-based
weather monitoring system for poultry and aquaculture using a DHT11 sensor to monitor temperature and
humidity in real time, send alerts to smartphones when threshold limits are exceeded and effectively maintain
environmental conditions to enhance productivity. Mahbub et al. [3] implemented an “loTs-based smart
poultry and fish farming system using Arduino”, developing an automated smart farming system utilizing an
Arduino Uno microcontroller to monitor and regulate environmental parameters in poultry and aquaculture
settings, thereby reducing time and labor requirements through both simulation and hardware
implementation. Alita et al. [4] implemented loT-based smart farming for optimizing chicken productivity
and product digitalization to improve administrative quality; their study applied an loT-driven smart farm
concept at Berkah Poultry Farm in Lampung through automated temperature and humidity control, a web-
based livestock data management application, and cultivation training, which collectively improved
employee capability, chicken productivity, and data accuracy. Furthermore, Dhinakaran et al. [5] developed
an “loT-based environmental control system for fish farms with sensor integration and machine learning
decision support”, which integrates machine learning algorithms to monitor and optimize water conditions
and fish behavior in real time, thereby improving fish health and productivity while reducing resource
wastage sustainably.

Furthermore, Dhanaraju et al. [6] developed “smart farming with loT-based sustainable agriculture”,
which discusses the implementation of 10T technology, cloud computing, and wireless sensors in smart
agriculture to enhance efficiency from cultivation to distribution, while also identifying challenges in
integrating these technologies with conventional agricultural practices. Kim et al. [7] realized “loTs-based
fish farm control using a mobile app”, in this study, the researchers developed an loT-based intelligent
aquaculture system that utilizes waste-water heat energy to control and monitor oxygen levels, temperature,
pH, and water height in real time through microcontrollers and the message queuing telemetry transport
(MQTT) communication protocol. Additionally, Astill et al. [8] developed “smart poultry management:
smart sensors, big data, and the 10Ts”, which reviews the application of 10T-based smart poultry management
systems, smart sensors, and big data analytics to improve production, efficiency, and animal welfare through
automation and data-driven decision-making, while also addressing the challenges associated with their
implementation in the poultry industry. Moreover, Leong et al. [9] developed “poultry precision: exploring
the impact of 10T sensors on smart farming practices”, in which the researchers demonstrated that the
application of lIoT sensors significantly enhances efficiency, animal welfare, and sustainability in poultry
farming through real-time monitoring, data-driven decision-making, and the adoption of smart farming
practices.

Furthermore, Xu et al. [10] implemented “intelligent dynamic quality prediction of chilled chicken
with integrated loT flexible sensing and knowledge rules extraction”. This study developed an intelligent
prediction model based on knowledge-rule extraction combined with flexible humidity sensors integrated
into an loT system, enabling real-time monitoring of chilled chicken quality, handling abnormal conditions
within the cold chain, and delivering highly accurate quality evaluation and prediction to support more
effective decision-making and e-commerce management. An loT-enabled aquaponics system with wireless
smart sensor monitoring was implemented by Menon [11]. The study demonstrated that the application of an
AWSM-based 10T system equipped with wireless sensors and a GUI interface effectively addressed technical
issues in traditional aquaponics through real-time water quality monitoring and remote notification, thereby
improving system performance compared to conventional methods. Wang et al. [12] introduced the
architecture “smart farming towards unmanned farms: a new mode of agricultural production,” which
reviews the concepts, frameworks, technological developments, and challenges associated with achieving
labor-free farming by leveraging 10T, big data, artificial intelligence, robotics, and 5G as foundational
technologies for future unmanned agriculture. Additionally, Hanau et al. [13] developed “smart farming for
poultry: leveraging chicken raising with low-cost 10T-based information systems”, demonstrating that a low-
cost loT-based information system for automated environmental control can improve poultry performance—
particularly with weight gains of up to 25%—while reducing manual monitoring requirements, thereby
enhancing operational efficiency for small-scale poultry farmers.

Based on the findings of previous researchers, it can be observed that several studies have
implemented smart farming systems connected to the loT using embedded systems, sensor fusion, and
intelligent agriculture technologies. However, none of these studies have developed an integrated chicken—
fish-vegetable farming system within a single platform that incorporates control and monitoring
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functionalities based on multi-modal sensor integration and the loT. Therefore, the novelty of this research
lies in the development of a multi-modal sensor integration system for the chicken—fish—vegetable integrated
farming model within an loT-based greenhouse environment. This research is expected to serve as a model
for advancing modern urban agriculture systems that assist urban farmers in maintaining and monitoring the
conditions of integrated farming operations using loT technology. In this paper, the researchers present a
detailed explanation of the research concept. In the introduction, the background and research problems are
described. The methods section outlines the fundamental concepts and approaches employed to address the
research problems. In the results and discussion section, the findings of the study are presented and analyzed,
including the application and evaluation of the proposed methods. Finally, the conclusion and
recommendations section summarizes the key outcomes of the research and provides suggestions for future
studies.

2. RESEARCH METHOD

The chicken-fish-vegetable farming concept developed in this study is based on a symbiotic
mutualism model, in which chickens, fish, and vegetables provide reciprocal benefits to each other. In its
application, chicken manure produced during poultry farming is utilized as fish feed, while the waste from
fish, combined with residual chicken manure, serves as nutrients for hydroponic vegetables. Subsequently,
the harvested hydroponic vegetables and fish are used as feed for chickens. Figure 1 illustrates the integrated
chicken-fish-vegetable farming concept implemented in this study. Then Figure 2 illustrates the system
architecture proposed to tackle the issues identified in this study.
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Figure 1. The concept of an integrated farming system: chicken-fish-vegetables
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Figure 2. Architectural design of integrated farming system chicken-fish-vegetables
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Based on the information in Figure 1, it can be observed that the chicken-fish-vegetable farming
system can assist communities, particularly in urban areas, in establishing a food self-sufficiency model to
meet local demands for chicken meat and eggs, fish, and vegetables. In practice, one of the challenges faced
by communities in implementing the chicken-fish-vegetable integrated farming concept is the difficulty of
continuously monitoring and maintaining the farm due to daily work commitments. To address these research
challenges, the researchers conducted a literature review, formulated research hypotheses, and designed the
research methodology. Furthermore, based on the information in Figure 2, the system architecture for the
chicken-fish-vegetable farming control system consists of three main components: input, process, and output.
The input section includes a multi-modal sensor module that integrates several sensors into a single unit [14],
namely a camera, water level sensor, DHT11 sensor, pH sensor, TDS sensor, DS18B20 sensor, light
dependent resistor (LDR) sensor, and infrared (IR) sensor. The camera in the developed system functions to
monitor the chicken-fish-vegetable farming conditions in real-time when connected to the 10T-based system.
As an input device in the computing system, the camera captures data in visual form [15]. The input section
also includes a water level detection sensor [16], which measures the volume of water in the hydroponic plant
pipes. Additionally, the DHT11 sensor is used to measure air temperature and humidity within the
chicken-fish-vegetable farming environment [17]. The multi-modal sensor module further includes a pH
sensor to measure the acidity of water in the fish pond and the hydroponic irrigation system [18], a TDS
sensor to detect nutrient levels in the circulating water [19], a DS18B20 sensor to measure fish pond water
temperature [20], an LDR sensor to detect light intensity during morning, afternoon, evening, and cloudy
conditions [21], and an IR sensor to measure infrared light intensity irradiating the chicken-fish-vegetable
farming system [22].

In the process section, an ESP32 microcontroller is used to read analog output data from sensors,
convert it into digital data, and then transmit it to the Raspberry Pi via serial communication. This includes
the pH sensor, TDS sensor, DS18B20 sensor, LDR sensor, and IR sensor. The ESP32 microcontroller is a
system-on-chip (SoC) that comes integrated with Wi-Fi, Bluetooth, and GPIO pins for reading both analog
and digital sensor inputs, as well as controlling outputs [23]. In this study, the Raspberry Pi functions to
process camera input data and read digital output data from the water level sensor and DHT11. Moreover, the
Raspberry Pi serves as the central data processing unit of the chicken-fish-vegetable farming control system.
The Raspberry Pi is a type of microcomputer that operates similarly to a conventional computer and features
GPIO pins to read sensor inputs and control hardware outputs [24]. Additionally, in this study, the Raspberry
Pi acts as the central control device for transmitting 10T data from the embedded system to the farmer’s
smartphone.

In this study, the advantages of the ESP32 microcontroller were utilized to convert analog sensor
outputs into digital data for real-time processing by the Raspberry Pi. The strengths of the Raspberry Pi were
leveraged as the central data processing unit, capable of high computational performance similar to a
conventional computer. The study employed serial communication to transmit digital sensor data from the
ESP32 to the Raspberry Pi. Fundamentally, there are key differences between microcontrollers and
microcomputers that determine their respective advantages and limitations. One advantage of
microcontrollers, such as the ESP32, is the availability of GPIO pins capable of converting analog sensor
data into digital signals, whereas the GPIO pins on the Raspberry Pi cannot perform analog-to-digital
conversion. In practice, a limitation of microcontrollers is their relatively slower data processing speed due to
hardware constraints and the execution of single-threaded programs. In contrast, the Raspberry Pi, as a
microcomputer, supports multi-processing and high-speed data handling, enabled by its hardware
architecture, which functions similarly to a standard computer.

In the output section of the system architecture, a relay is used to automatically and manually turn
the water pump of the chicken-fish-vegetable farming system on or off when supplying water to plants or
vegetables. A relay is an electronic device containing a coil that functions as an electronic switch when
triggered by an electric voltage [25]. The output section also includes a 16x2 LCD, capable of displaying 16
characters per line on both the upper and lower rows, with control options via bit-level or I2C communication
[26]. Additionally, a fan is employed to cool and regulate the air temperature and humidity within the
greenhouse. The fan is an electronic device that generates airflow when its blades rotate [27]. The platform
used in this study to transmit chicken-fish-vegetable farming data from the embedded system to the farmer’s
smartphone is Blynk, an loT platform that enables remote monitoring and control of embedded systems via
the internet [28]. Using this system, farmers can remotely monitor greenhouse conditions, including air
temperature and humidity, water temperature, weather conditions, sunlight intensity, pond water pH, nutrient
concentration in water, and the flow of water in the hydroponic farming system. Furthermore, farmers can
also monitor the status and operation of the water pump.

In this study, we employed the waterfall technique to evaluate the effectiveness of the proposed
method, which includes hardware testing, software testing, and 10T network testing. The waterfall model is a
sequential testing approach conducted in stages according to the system development flow [29]. In the
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hardware testing phase, we evaluated the performance of the multi-modal sensor devices used to measure
environmental conditions inside the greenhouse, including the water level sensor, DHT11 sensor, pH sensor,
TDS sensor, DS18B20 sensor, LDR sensor, and IR sensor. After testing the multi-modal sensors, we
proceeded to evaluate the processing units—specifically the ESP32 for processing analog sensor data and the
Raspberry Pi as the central data processing controller. Subsequently, we tested the output devices, including
the relay module, LCD, and fan. In the software testing phase, we assessed the effectiveness of the
algorithms in performing their tasks to ensure that the system can properly monitor the conditions of the
chicken—fish—vegetable integrated farming environment using the 1oTs. Finally, we conducted 10T network
testing to measure the system’s capability to transmit data between devices using network and internet
connectivity. The detailed results of these testing phases are presented in the results and discussion section of
this paper.

3. RESULTS AND DISCUSSION

The integration of multi-modal sensors in the greenhouse-based chicken-fish-vegetable farming
system, supported by the 10T, has been implemented in this study. The system consists of several
interconnected components that enable farmers to remotely monitor and control the farm using loT
technology. Figure 3 illustrates the developed loT-based chicken-fish-vegetable integrated farming system
within the greenhouse. Based on the information in Figure 3, four core components can be identified in the
greenhouse-based chicken-fish-vegetable integrated farming system developed in this study: the hydroponic
plant section, which serves as the area for vegetable cultivation; the chicken coop, used to house laying hens;
the fish pond, designated for Nile tilapia farming; and the loT control box, which integrates all control
devices to ensure interconnectivity. Furthermore, Figure 4 provides detailed views of each component of the
chicken-fish-vegetable farming system constructed in this research.

IoT Control Box

Hydroponic

Chicken Coop

Fish Pond

Figure 4. Chicken-fish-vegetable agricultural results
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Based on the information in Figure 4, the type of vegetable cultivated in this study is water spinach
(Kangkung), which is a hydroponic plant that is easy to grow due to its requirement of only water for
survival. The farming method applied in this study utilizes hydroponic techniques. Then, as shown in
Figure 4, the type of chicken raised in this study is a layer breed, which primarily produces eggs as the main
output. The chicken coop design implemented in this integrated farming system is a battery cage type.
Furthermore, the fish species raised is Nile tilapia, which is commonly farmed due to its ease of cultivation
and feeding, with feed sources including vegetables or chicken manure. Finally, Figure 5 shows the hardware
and control devices used to monitor the loT-based greenhouse chicken-fish-vegetable integrated farming
system. Furthermore, Figures 6 and 7 provide detailed views of the internal components of the 10T control
box and the multi-modal sensors installed in the fish pond.

Multi-Modal Sensor
DHTI11
IR
LDR
Water Level

IoT Control Box

Multi-Modal Sensor
pH
TDS
DS18B20

Figure 5. The results of the integration of control devices in integrated chicken-fish-vegetable farming
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Figure 6. Integrated agricultural control device for chicken-fish-vegetables

Based on the information in Figure 6, several components were utilized in this study to control and
monitor the greenhouse-based chicken-fish-vegetable integrated farming system. The system includes multi-
modal sensor connection pins used to link the pH, TDS, and DS18B20 sensors in the fish pond to the loT
control box. Additionally, a fan is installed to cool the control box, a 16x2 LCD displays messages, and an
on/off switch is used to power the devices within the box. Externally, the control box is connected to multi-
modal sensors, including DHT11, IR, LDR, and a water level sensor. Internally, the box contains relays that
automatically and manually control the fan and water pump, a Raspberry Pi as the central data processing
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unit, an ESP32 to read analog sensor data, convert it into digital signals, and transmit it to the Raspberry Pi, a
power supply as the voltage source, and terminals used to activate the water pump. Figure 7 shows the
specific sensors used to measure pond water pH, water temperature, and nutrient levels, utilizing the pH
sensor, DS18B20 sensor, and TDS sensor. Additionally, a water pump is employed to supply water to the
hydroponic pipes.

} / Water Pump

pH Sensor

DS18B20 Sensor

TDS Sensor

Figure 7. Multi-modal sensor device and water pump in fish pond

In this study, the researchers developed software to read analog sensor input data connected to the
ESP32 and to transmit the sensor information from the Raspberry Pi to the farmer’s smartphone using Python
programming and the Blynk loT platform. Figure 8 illustrates the design of the front-end interface on the
farmer’s smartphone for monitoring and controlling the chicken-fish-vegetable integrated farming system
using the Blynk loT platform. The interface includes buttons to control the on/off operation of the water
pump, monitoring information for the fan, and an LCD display showing water temperature, water nutrients,
water pH, water level, air temperature, air humidity, weather conditions, and sunlight intensity. In the Blynk
10T control system, Datastreams are used to transmit sensor data and control commands between the
embedded system and the user’s smartphone. Table 1 presents the Datastreams and data types used for
transmitting sensor and control data in this study.

AlSa Agriculture
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Figure 8. Blynk loT software design results
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Table 1. Datastreams and data types used to send 10T data

Interfaces Datastream Data type
Water pump on/off Switch control VO [VO]  Integer, 0/1, id=0
Cooling fun notification ~ Switch value V1 [V1] Integer, 0/1, id=1
Water temperature String V3 [V3] String, id=3
Water nutrition String V4 [V4] String, id=4
Water pH String V5 [V5] String, id=5
Water level String V6 [V6] String, id=6
Air temperature String V7 [V7] String, id=7
Air humidity String V8 [V8] String, id=8
Weather String V9 [V9] String, id=9
Sun level String V10 [V10] String, id=10

In this study, the researchers conducted accuracy tests of the sensors used to monitor the conditions
of the chicken-fish-vegetable integrated farming system against real measurement devices. The sensors tested
include the DS18B20 for measuring fish pond water temperature, the TDS sensor for measuring water
nutrient levels, the pH sensor for assessing water acidity, the water level sensor for determining the volume
of water in hydroponic plant pipes, the DHT11 sensor for air temperature and humidity, the LDR sensor for
weather conditions, and the IR sensor for measuring sunlight intensity in terms of infrared and lux levels.
Figure 9 illustrates the accuracy of the multi-modal sensors in detecting the environmental conditions of the
chicken-fish-vegetable integrated farming system and illustrates the results of the time analysis for
transmitting messages from the embedded system to the farmer’s smartphone.

Based on the analysis results shown in Figure 9(a) the accuracy analysis of multi-modal sensors in
reading environmental conditions, it can be observed that the sensors are able to transmit environmental data
with an average accuracy of up to 96%. This indicates that the developed system can be effectively used for
the development of a chicken-fish-vegetable integrated farming system in terms of loT-based monitoring and
control. Furthermore, the researchers analyzed the average time required to transmit sensor data from the
embedded system to the farmer’s smartphone. According to the information of Figure 9(b) 10T data delivery
time analysis results, it can be observed that the average time required by the system to transmit agricultural
data from the embedded system to the farmer’s smartphone using the Blynk platform and the internet is 6
seconds. This delay is influenced by the data transmission speed, which depends heavily on the quality of the
local network and internet, as well as the stability of the server services provided by the Blynk loT platform.
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Figure 9. Accuracy and transmission times analysis results; (a) the accuracy analysis of multi-modal sensors
in reading environmental conditions and (b) 10T data delivery time analysis results

This study has examined the utilization of multi-modal sensor integration and the 10T to assist
farmers in monitoring modern agriculture, particularly in urban areas through the chicken—fish—vegetable
integrated farming system. Based on the findings obtained in this research, the developed device can be used
to monitor fish pond water temperature, measure water nutrient levels, assess water acidity, determine water
level, measure ambient temperature and humidity, evaluate lighting conditions, and control water pumps both
manually and automatically. These capabilities provide significant benefits for farmers—especially those in
urban environments—Dby enabling them to monitor and manage modern agricultural systems without the need
for continuous and manual supervision. Moreover, the agricultural monitoring techniques introduced in this
study can support communities in developing self-sufficiency food systems, thereby improving economic
conditions and enhancing community welfare through modern agricultural practices.

Based on the research findings, it can be observed that the developed device functions effectively in
monitoring greenhouse conditions for the chicken—fish—vegetable integrated farming system. This approach
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is highly efficient as it facilitates farmers in maintaining and monitoring agricultural activities by leveraging
multi-modal sensor integration and loT technologies. In practice, several researchers have developed
integrated farming systems with loT-based control and sensor monitoring, including poultry farming [4], [8]-
[10], aquaculture [5], [7], and combined poultry—fish systems [2], [3]. However, these studies did not
implement multi-modal sensor integration within greenhouse-based monitoring for chicken—fish—vegetable
integrated farming, which represents a distinct strength and advantage of the system developed in this
research. Furthermore, our findings indicate that the integrated farming monitoring and control system can
operate under various weather conditions, as it is implemented within a controlled greenhouse environment.

The utilization of multi-modal sensors for monitoring various agricultural conditions within a
greenhouse farming system has proven to be highly effective in this study. In integrated farming, numerous
factors must be carefully monitored to ensure optimal crop yield, including weather conditions, air and water
temperature, humidity, and internal greenhouse conditions. This developed system is particularly significant
as it can assist urban communities in achieving food self-sufficiency, enabling individuals to engage in
farming without the need for continuous manual monitoring. Furthermore, future development of this
research should focus on enhancements such as harvest yield prediction analysis based on artificial
intelligence integrated with 10T technologies.

4. CONCLUSION

This study utilized the integration of multi-modal sensors as a platform for monitoring and
controlling the loT-based chicken—fish—vegetable integrated greenhouse farming system, aimed at assisting
urban communities in establishing modern agricultural systems. The results demonstrate that the multi-modal
sensor system successfully transmitted data on water temperature, water nutrients, water pH, pond water
level, air temperature, air humidity, and solar light intensity in the greenhouse integrated farming system with
an accuracy rate of up to 96%. Furthermore, the average time required for the system to send 10T control and
information from the greenhouse control devices to the farmer’s smartphone was 6 seconds. Based on the
developed system, it can be concluded that the modern farming concept integrating multi-modal sensors and
IoT can serve as a recommendation for the development of urban modern agriculture using greenhouse
farming systems. Based on the research results, the limitations of this research are that it has not been able to
detect the types of pests found in hydroponic plants. Additionally, future research should consider integrating
Artificial Intelligence-based systems to predict harvest success and improve the effectiveness of the
integrated farming system for optimal yield. The development of edge computing and long-range wide area
network (LoRaWAN)-based systems should also be prioritized to advance modern loT-based integrated
farming systems.
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