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Abstract. Aquaponics is a cultivation method that combines plant cultivation and freshwater
fish farming. Aquaponics can be applied to a limited land such as house yard, which is very
suitable to be applied in urban areas with limited land. Aquaponics cultivation requires a
controlled environment and more maintenance and care compared to other cultivation
techniques such as hydroponics, since cultivators must maintain and take care for both plants
and fish at the same time. To get the maximum yields, it is necessary to control the time,
ambient temperature, humidity value, water level, pH, and water temperature. The existing
aquaponics farming that are carried out by farmers or cultivators in general still uses a simple
system through measuring the pH level of the water (using the pH meter equipment), water
level, water temperature, and ambient temperature, so that farmers or cultivators need more
time and manpower to maintain and take care of the plants and fish. Therefore, we need a
solution in the form of a monitoring system that can monitor the environmental conditions of
plants and fish continuously throughout the day. The monitoring system developed has the
ability to monitor time, ambient temperature, humidity, water level, pH, and water temperature.
The system was developed using the rapid application development (RAD) system
development method. The RAD consists of four stages: requirements planning; system design;
construction; and cutover. The test result using the black box testing method prove that the
monitoring system can monitor time, ambient temperature, humidity, water level, pH, and
water temperature.

1. Introduction

Urban farming is a term for aquaculture practises in urban areas that involve the entire food
production system, including animal husbandry, freshwater aquaculture, and horticulture [1],[2].
Aguaponics can be applied to limited land for example in the yard so it is very suitable to be applied in
urban areas that have limited land. The urban farming method is proven to be able to improve family
food security [3], besides that urban farming can also increase the income of farmers [4], can reduce
family food spending [5], and contribute to saving the environment related to the empowerment of
organic waste [1]. One of the potential urban farming methods is aquaponics [6].

Agquaponics is a method that combines farming activities and freshwater fish cultivation [7], [8].
Agquaponics cultivation activities have been widely applied by cultivators by combining various types
of plants and freshwater fish including: catfish, tilapia, koi with kale [9] , carp with lettuce and
mustard greens [10], catfish with kangkong and mustard greens [11]. The aquaponics method has
advantages including more production, less land use and nutrients, easy control of pests and diseases
so that plants and fish are healthier because they are organic [2][7]. However, this aquaponics
cultivation really requires a controlled environment, requires more maintenance and care compared to
farming with soil or water media because you have to maintain and care for plants and fish at the same
time.

To get maximum yields, it is necessary to control pH [5],[8],[12],[13][14], water temperature
and environment [5][15], volume or water level [8],[13], and humidity [15]. In generally aguaponics
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farming carried out by the community still uses a simple system such as: monitoring the pH of the
water using a pH meter equipment, monitoring the height or volume of water, temperature and
humidity by measuring, so that farmers need more time and labour to monitor and take care of plants
and fish.

For this reason, a solution is needed in the form of a system that can monitor the conditions of
plants and fish automatically and continuously throughout the day and has the ability to monitor time,
ambient temperature, humidity, water level, pH, and water temperature. The main objective of this
research is the design of aquaponics cultivation monitoring system that can monitor time, ambient
temperature, humidity, water level, pH, and water temperature. The date of time, ambient temperature,
humidity, water level, pH, and water temperature were obtained from the database of microcontroller
devices that have been installed on aquaponics cultivation land. The monitoring system was developed
using the Rapid Application Development (RAD) method. RAD was chosen because it has several
advantages including: the process of making applications based on prototype. The prototype is
designed in stages and repeatedly, certain stages can be done repeatedly so that feedback is obtained as
needed. Another advantage of the process of making a system using the RAD method is: it is relatively
fast with fairly good results [16], involving the user in the design process, causing user needs to be met
properly and automatically increasing user satisfaction as a system user [17]. RAD method has been
applied to the development of various systems, including store monitoring systems [18], aquaponics
monitoring [5], library systems [16], inventory system [19], website development for the PLN project
[20].

2. Methods
The stages of developing a monitoring system using the rapid application development (RAD)
method. The stages of RAD are presented in Figure 1 below:

Rapid Application Development (RAD)

Prototype

1 ser Deslan

Refine Test

Figure 1. RAD Stages

2.1 Requirements Planning

At the requirements planning stage identification of system requirements is carried out in the
form of formulating functional requirements and non-functional requirements for monitoring systems.
In addition, the equipment requirements for system development are also formulated.

2.2 User Design

At this stage carry out the design process according to user needs and make improvements if
there are still discrepancies at the requirements planning stage. This stage will produce a prototype
monitoring system. The design carried out include: database design, flowchart, and use case design.

2.3  Construction

The construction stage is the stage of making a monitoring system program using the
hypertext preprocessor (PHP) programming language.

2.4  Cutover
At the cutover stage the monitoring system is tested using the black box testing method.
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3. Results and Discussion

3.1 Requirements Planning

In the requirements planning stage the result obtained are: mapping of user categories and
determining the hardware and software requirements of the monitoring system. Here are the results
obtained:

3.1.1. User Mapping

The monitoring system only has one (1) user. Users are farmers or aquaponics activists. User
activity is able to view: time, ambient temperature value, humidity value, water level value, pH
value, and water temperature value.

3.1.2 Hardware and Software Requirements
Tools and materials hardware and software requirements are presented in Table 1.

Tabel 1. Tools and materials hardware and software
Hardware Software
Laptop OS Window 7 to 10
Printer Web browser
XAMPP
Framework Codelgniter
PhpMyAdmin
MySQL

3.2.  User Design

At the user design state what is done for is: formulating the workings of the monitoring system,
designing database tables and designing use case diagrams for the monitoring system. The results
obtained are follows:

3.2.1. How the Monitoring System Works

The monitoring system data comes from sensor data collected through the Arduino
microcontroller device that has been installed on the aquaponics cultivation area. The microcontroller
can capture and read data from installed sensors, including: RTC timer, ambient temperature sensor,
humidity sensor, water level sensor, pH sensor and water temperature sensor. To make it easier for
farmers or aquaponics activists to monitor the state of cultivated land, the data is displayed in the form
of a monitoring system that can be accessed via a computer or smartphone. In the Table 2 example of
sensor data that have been collected are presented.

Table 2. Example of a Data Monitoring System

Date Time Ambient Humidity Water pH Water
temperature Level temperature
05/09/2022 21:19:36 30.64 77 11 6.78 28.44
05/09/2022 21:19:41 30.67 77 11 6.85 28.67
05/09/2022 21:19:47 30.54 77 11 6.71 28.44
05/09/2022 21:19:52 30.54 77 11 6.58 28.44
05/09/2022 21:19:57 30.50 77 11 6.68 28.44
05/09/2022  21:20:03 30.47 77 11 6.89 28.44
05/09/2022 21:20:08 30.44 77 11 6.85 28.44

Figure 2 presents a flowchart that describes how the monitoring system works.
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Figure 2. Flowchart of How the Monitoring System Works

Figure 2 shows how the monitoring system works. In the early stages when the monitoring
system is turn on, the system will initialize the database. The database stores sensor data, which is
obtained from a microcontroller device installed on aquaponics cultivation, including time or hour
data, ambient temperature, humidity, water level, pH, and water temperature. Then the sensor data that
has been stored in the database will be displayed on the monitoring system website. The monitoring
system can be accessed via computer or smartphone device that is connected to the internet. The
monitoring system will continue display sensor data as long as the device is powered on and connected
to the internet.

3.2.2 Database Table Design

In Figure 3 the design of the monitoring system table is presented. It can be seen that the
database table only consist of one (1) table containing the entities of time, ambient temperature,
humidity, water level, pH, and water temperature.

data realtime

,PK Waktu_sensor

suhu

kelembaban

level air

PH

Suhu_air

Figure 3. Monitoring System Database Tabel Design
3.2.3 Monitoring System Use Case Design
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In Figure 4 the results of the monitoring system use case design are presented based on the
sensor time recording. Users of the monitoring activities, such as: monitoring time, ambient
temperature, humidity, water level, pH, and water temperature. The data of time, ambient temperature,
humidity, water level, pH, and water temperature are obtained from sensor data that has been stored in
the microcontroller device database.

10

Figure 4. Use Case Monitoring System

3.3 Construction

In Figure 5 the results of the construction phase are presented in the form of an interface or
dashboard for the aquaponics cultivation monitoring system. The dashboard displays the time, ambient
temperature, humidity, water level, pH, and water temperature.
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Figure 5. Monitoring System Dashboard

3.4 Cutover

At the cutover stage testing the monitoring system is carried out. Testing the plant monitoring
system application is done by testing the application interface, using the black box testing method. In
Table 3 a summary of the test scenarios for the black box testing method is presented.
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Table 3. Testing Scenario

Scenario Expected Result Test Result  Conclusion
Display time Can display time Succeed Valid
Display ambient Can display ambient temperature Succeed Valid
temperature

Display humidity Can display humidity Succeed Valid
Display water level Can display water level Succeed Valid
Display pH Can display pH Succeed Valid
Display water Can display water temperature Succeed Valid
temperature

4. Conclusions

The application of the RAD method for the development of the monitoring system resulted in
the following conclusions: Aquaponics cultivation monitoring system has been successfully developed
using the RAD method. The monitoring system can display time, ambient temperature, humidity,
water level, pH, and water temperature.
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