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Abstract: Small-scale fish farming businesses often experience challenges in managing the
fragmented operational data which includes cultivation activities, inventory, transactions and
reporting processes. Lack of an integrated information management structure restricts the
traceability of data and reduces the efficiency of operations. Unlike prior digital aquaculture
systems, which mainly target environmental monitoring, this study designs a layered architecture
for the web-based single-farm fish farming management system using the Prototype method, with
novelty in the architecture-level integration of five system layers with four business domains rather
than in either method individually. The research methodology consists of requirement analysis,
Software Requirements Specification development, layered architecture design, prototype
development, system implementation, and functionality verification. The proposed architecture
separates system components into five logical layers: presentation, application, data access, data
and cache layers, and decomposes business functions into production, inventory, financial and
reporting domains. The developed system comprises eight functional modules that enable the fish
farming management processes from end to end. The functional verification was done by black-box
testing with nine test scenarios, which had 100% success rate. The results indicate that the proposed
layered architecture provides a structured basis for integrating cultivation and business processes
in a single-farm fish farming environment; maintainability and scalability follow from the design
but were not empirically measured. Future development may extend the architecture with multi-farm
management, Internet of Things integration and quantitative evaluation of software quality
attributes.

Keywords: layered architecture, prototype method, fish farming management system.

1. Introduction

Digital transformation has increasingly influenced the various sectors including aquaculture
through the adoption of information systems, Internet of Things (l1oT), cloud computing and
data-driven technologies. These technologies enable operational efficiency by collecting data,
monitoring and making decisions in a systematic way. Aquaculture activities are complex and
interrelated processes, such as pond management, growing cycles, feeding, monitoring,
recording mortality and growth, harvesting and sales [1], [2]. Therefore, aquaculture
management systems should not only provide data recording capabilities, but also an
architecture to integrate the different operational and business processes.

At the farm level, operational data are often managed manually or through separate
applications, causing fragmentation among pond records, cultivation cycles, feed usage,
inventory, harvest data, sales transactions, and reporting [3]. This condition limits traceability
of data and increases the risk of inconsistent information. In previous studies, digital
aquaculture systems have been developed, especially loT-based solutions for water quality
monitoring, environmental control and intelligent decision support [4]. However, most of the
current research is on environmental monitoring, and little is on the integrated management
systems that combine cultivation activities with business processes.
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The development of integrated information systems requires a software architecture that
supports modularity, maintainability, and future system evolution. One way to organise
software components into independent layers according to their responsibilities is the layered
architecture that allows better separation of concerns and scalability of the system [5], [6].
Moreover, the Prototype method offers an iterative development approach that allows
incremental refinement of complex information systems with changing requirements [7], [8].

Therefore, this study aims to develop a layered architecture for a web-based single-farm fish
farming management system using the Prototype method. The proposed system integrates
cultivation management, daily monitoring, inventory, procurement, harvesting, sales,
receivables, and reporting processes into a centralized platform. Unlike prior digital aquaculture
systems, which mainly target environmental monitoring and automation [4], [9], [10], [11],
[12], the main contribution of this study is an architecture model that explicitly maps single-
farm aquaculture business processes onto structured software layers, together with the
validation of the implemented system by functional testing.

2. Literature Review
2.1 Digital Fish Farm Management System

Digital fish farm management systems use information technology to integrate aquaculture
production activities, operational data and business processes into a single centralized platform.
They turn fragmented manual records into structured digital information, which enables more
efficient data management, operational monitoring and decision making [13]. Digital
technologies, and in particular Internet of Things (IoT)-based solutions have been previously
shown to improve aquaculture performance by monitoring environmental parameters including
temperature, dissolved oxygen, pH and water quality [9].

However, existing digital aquaculture systems predominantly focus on environmental
monitoring and automated control, while integrated management of cultivation cycles,
inventory, harvesting, sales, and financial processes remains limited [14]. A comprehensive fish
farm management system should provide not only monitoring capabilities but also operational
traceability across the aquaculture lifecycle [15]. Therefore, integrating production activities
with business processes is essential to establish a more complete management framework that
supports efficient and data-driven aquaculture operations. However, existing integrated
aquaculture systems [3], [13], [14], [15] target enterprise, group, or cage-based contexts and
lack an explicit layered architecture for combined cultivation and business operations at a single
farm, a gap this study addresses.

2.2 Software Architecture for Integrated Information Systems

Software architecture defines software components, their interactions and the separation of
responsibilities and is of fundamental importance for guaranteeing the scalability,
maintainability and extensibility of information systems [16]. The layered architecture is one
of the most popular architectural patterns where systems are built in layers such as presentation,
business logic, and data access [17]. This pattern increases the modularity and decreases the
dependency among components.

An agricultural and aquaculture information system needs a well-defined architecture to
integrate production, inventory, financial and reporting processes into one platform [1].
However, the existing studies mainly focus on the enterprise-scale farm management or 10T-
based monitoring, and little attention is paid to the architectural designs of the farm-tailored
aquaculture management for a single farm. Thus, there is still a need for a layered architecture
adapted to the operational characteristics and business processes of the single-farm fish
farming.
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2.3 Prototype Method for Software Development

Software development methodologies are important for converting system requirements into
working applications. Among them, the Prototype method is widely used in the development
of information systems with evolving requirements, because it can be refined through iterative
processes of requirement analysis, prototype construction, evaluation and implementation. This
allows early validation of the system functionality and reduces the risk of requirement
mismatches [18].

Previous studies have demonstrated the effectiveness of the Prototype method in developing
information systems with complex business processes [19]. However, most studies employ
Prototype primarily as a software development process, with limited attention to its integration
with software architecture design. This research applied the Prototype development method.
The main contribution of this research is to design and develop a layered architecture for a web-
based single-farm fish farming management system.

2.4 Research Gap and Contribution

Previous studies about digital aquaculture mainly focus on loT-based monitoring and
automation [4], [10], [11], [12], while integrated management of cultivation and business
processes is less investigated. Moreover, the Prototype method has been widely applied to
software development but has not yet been applied to the design of a structured layered
architecture for single-farm aquaculture management systems. To fill this gap, this study
develops a layered architecture for web-based single-farm fish farming management system
using Prototype method. The proposed architecture integrates the major functional modules
such as cultivation management, inventory, procurement, harvesting, sales, receivables and
reporting into an integrated platform. Unlike prior systems targeting enterprise or multi-farm
operations, it is intended as a maintainable and scalable foundation tailored to single-farm
management, validated here through functional testing rather than empirical quality
measurement.

3. Methods
A. Research Design

This study employed a Design and Development Research (DDR) approach using the Prototype
method to develop a web-based single-farm fish farming management system. The research
focused on designing a layered software architecture and implementing it into a functional
information system. The development process consisted of six sequential stages: Requirement
Analysis, Software Requirements Specification (SRS), Layered Architecture Design, Prototype
Development, System Implementation, and Functional Testing, as illustrated in Figure 1. This
approach was selected because it enables systematic software development while supporting
iterative refinement throughout the implementation process.
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Figure 1. Research Framework

B. Requirement Analysis

The requirement analysis phase was performed to identify and define the system requirements
based on the operational processes of single-farm fish farming management. In this phase we
analyzed current business workflows and challenges, reviewed information requirements and
defined functional needs for supporting cultivation and business activities. The identified
requirements were systematically analyzed to establish the system boundaries, user
interactions, and relationships among operational processes. The analysis process focused on
the understanding of the way the cultivation activities and business transactions are performed
in a single-farm environment to ensure that the developed system components appropriately
represent the required operational workflows.

The results of this stage were used as the foundation for defining the system specification,
designing the software architecture, and developing the prototype. This ensures consistency of
the proposed system with the operating characteristics and management requirements of a
single-farm fish farming operation.

C.Software Requirements Specification (SRS)

The identified prerequisites were systematically documented in a Software Requirements
Specification (SRS). This led to the development of an orderly structure for the software
development process. The fish farming management system version 3.1 SRS document
describes functional and non-functional requirements, system stakeholders, business
regulations, module interaction, use case narratives, system architecture, and API
specifications.

The designated criteria were subsequently evaluated and modified to conform to the research
parameters through the application of a single-farm operational model (Solo Mode), indicating
a singular business entity managed by two user roles, namely Owner and Staff, without multi-
tier approval mechanisms. The refined SRS served as the foundation for the subsequent multi-
tiered architectural design and prototype development to verify that the implemented system
met the specified operational standards and research objectives.
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D. Layered Architecture Design

The software architecture was designed according to the Layered Architecture pattern to
provide a structured separation of the system’s responsibilities. The design process was focused
on the definition of architectural boundaries, the assignment of responsibilities to components
and the definition of interactions among layers of the system based on the identified
requirements.

The architecture design considered software quality attributes, including modularity,
maintainability, scalability, and separation of concerns. The proposed structure consists of
presentation, application, data access, data, and cache layers, with business functionalities
organized according to the operational domains of the fish farming management system. The
resulting architecture model was subsequently used as the foundation for prototype
implementation.

E. Prototype Development

Subsequent to the architectural design, the software development was executed utilizing the
Prototype methodology. The development procedure has been executed in six iterative phases:
requirement validation, rapid design, prototype construction, prototype assessment, prototype
enhancement, and ultimately implementation. Each functional module was developed
incrementally following the proposed layered architecture and then tested before being
integrated to the overall system. Through this iterative approach, system performance was
continuously validated, requirements were refined, and potential implementation risks were
mitigated throughout the software development life cycle.

F. System Implementation

The last prototype was implemented as a web-based fish farming management system based on
the proposed Layered Architecture. We developed the Presentation Layer with Next.js for the
web and Flutter for mobile and Application Layer with NestJS for business logic and RESTful
API services. Operational data were stored using PostgreSQL as the main database, while Redis
was used to support session management and caching mechanisms. The technology
implementation for each architectural layer is summarized in Table 1.

Table 1. Layer Technology Mapping

No Layer Technology Responsibility
1 Presentation Next.js, Flutter User Interface

2 Application NestJS Business Services

3  Data Access TypeORM Database Communication
4  Data PostgreSQL Data Storage

5 Cache Redis Cache and Session

The implemented system integrates eight functional modules derived from the Software
Requirements Specification (SRS), including Pond and Cultivation Cycle Management, Daily
Monitoring, Inventory, Procurement, Harvest, Sales, Accounts Receivable, and Reporting.
These modules were organized according to the defined business domains and integrated within
the layered architecture to provide a centralized platform for managing single-farm fish farming
operations.

G. Functional Testing

The functional validation was performed by applying Black-box Testing to verify if the
functionalities of the developed system were compliant with the requirements defined in the
Software Requirements Specification (SRS). The test scenarios have been systematically
derived from the functional requirements of each module without considering the internal
implementation details of the software.
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Each test case consisted of the tested module, test scenario, expected output, actual output, and
validation result. The functional success rate was calculated using Equation (1):

x 100

Passed Test Cases
Success Rate (%) = 1)
Total Test Cases

A functional module was considered successfully validated when all predefined test scenarios
generated outputs consistent with the expected system behavior. This evaluation helps to ensure

that the developed system satisfies the functional requirements specifications and operates as
per the designed architecture.

4. Results and Discussion

A. Requirement Analysis Results

The system scope was defined based on the requirement analysis as the operational
characteristics of a single-farm fish farming environment. The derived specification identifies
two main actors of the system: the Owner and the Staff. The system interacts with them
according to their operational responsibilities.

The identified requirements were organized into functional modules and grouped into four
business domains: Production, Inventory, Financial, and Reporting. The Production domain
refers to activities such as pond management, cultivation cycles, monitoring and harvesting.
The Inventory domain covers procurement of feed resources and the financial domain merges
sales and accounts receivable. The Reporting domain provides summarized information from
operational and transactional data.

The relationship between operational problems, system requirements, software modules, and
business domains is summarized in Table 2.

Table 2. Requirement Identification

No Identified Problems System Requirements Software Busme_ss
Modules Domain

1 Fragmented management  Centralized management of Pond & Production
of pond and cultivation pond and cultivation cycle Cultivation
cycle data information Cycle

2 Manual recording of daily  Digital recording and Daily Production
operational activities monitoring of daily Monitoring

cultivation activities

3 Lack of integrated feed Integrated feed inventory and  Inventory Inventory
inventory management stock management

4 Unstructured procurement  Structured purchase order and  Procurement Inventory
process procurement management

5  Harvest records are not Integrated harvest Harvest Production
integrated with cultivation  management linked to
cycles cultivation cycles

6  Sales transactions are not  Integrated sales transaction Sales Financial
integrated with harvest management
records

7 Limited monitoring of Real-time accounts receivable  Accounts Financial
accounts receivable management Receivable

8  Manual generation of Automated integrated Reporting Reporting
operational reports reporting
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B. Layered Architecture Model

Figure 2 shows the proposed layered architecture model. The architecture gives a modular view
of the developed system by dividing the software components into five logical layers:
Presentation Layer, Application Layer, Data Access Layer, Data Layer and Cache Layer.

PRESENTATION LAYER (User Interfaces: Web, Mobile)
| FLUTTER i0S &
L") NEXT.J5 WEB FRONTEND Dl___l MOBILE APP | Android
3 ) 1
APPLICATION LAYER (Business Logic & Services)
o PRODUCTION INVENTORY

+ Feed Control
+ Procurement Processes

* Pond Management
+ Cycle Tracking

= Monitoring

= Harvest Planning

REPORTING
+ Dashboard Visualization
+ Performance Reports

FINANCIAL
+ Sales Processing
* Accounts Receivable

) J
DATA ACCESS LAYER (ORM, Data Transfer Objects)

L
DATABASE LAYER (Relational Database)

= - RELATIONAL DATABASE MANAGEMENT
POSTGRESQL - SYSTEM (RDBMS)
1
CACHE LAYER (In-memory Data Store)

e REDIS CACHE & IN-MEMORY STORE

Figure 2. Proposed Layered Architecture

The Presentation Layer represents the interaction interface between users and the system
through web and mobile applications. The Application Layer contains business services that
execute fish farming management processes. The Data Access Layer provides controlled access
of the application services to the database. The Data Layer contains persistent operation
information. Cache Layer: Cache Layer helps in improving the system performance by caching
the data and tracking the session.

Beyond the conventional layered structure, the proposed model incorporates four business
domains to represent the characteristics of single-farm fish farming operations: Production,
Inventory, Financial, and Reporting. These domains organize in a logical way the functional
modules coming from the system requirements, creating traceability links between the
operational processes and the software components.

C. System Implementation Results

The system is implemented as a web application accessible via both desktop and mobile
browsers. The interface uses the label "Fish Farming - Solo Mode" to indicate the single-scale
operational context. Below is an overview of the key modules generated.

Dashboard

The dashboard presents a real-time operational summary: the number of active ponds, ongoing
cycles, feed stock (kg), outstanding receivables, sales for the current month, low-stock alerts,
the most recent harvest, and the latest monitoring data. The dashboard enables managers to
monitor business conditions without needing to open each module individually. Figure 3 shows
the dashboard view.

870



INOVTEK Polbeng - Seri Informatika, Volume XI, Issue 1, February 2026 ISSN : 2527-9866

° Fish Farming Welcome, Owner

ul Dashboard

X

. () . \ (6] -
Pond
2 3 206 IDR 8,460,000
&) Culti Cyck ’ " I
Daily Monitoring
™t Sales This Month Stock Alerts
A 2
R i 2 IDR 10,200,000 IDR 6,300,000 3
ec
P
& Warehouse & Stock Latest Harvests Latest Monitoring
B it Pond 2 650 kg Pond 1 Feed: 28 kg
~ o Sif KL A
Pond 3 180 kg Pond 3 Feed: 9 kg
X . A X M
EN

Pond 1 Feed: 25 kg

Figure 3. Dashboard fish farming — solo mode

Pond Management and Cultivation Cycle.

The pond module displays a list of ponds along with their operational status and associated
active cycles. Each pond entry shows the code, name, type (tarpaulin/earthen/concrete/biofloc),
area, capacity, and the name of the ongoing cycle, including the current day of the cycle. The
cycle module displays cultivation details-such as commaodity, stocking quantity, start date, and
estimated harvest date-and offers filtering options based on status. Figure 4 shows the pond
management and cultivation cycle.

Cultivation Cycles
Start Cycle
Pond Management papr—

All Statuses

CODE NAME TYPE s CAPACITY STATUS ACTIVE CYCLE ACTIONS

Figure 4. Pond Management (left) and Cultivation Cycle (right) views.

Daily Monitoring.

The monitoring module provides a daily input form with four tabs: Feed, Mortality, Sampling,
and Water Quality. Users select the active cycle and date, then enter data based on field
conditions. Monitoring history is displayed in the right panel, showing a summary of feed (kg),
mortality (count), pH, temperature, and DO by date. Figure 5 shows the daily monitoring view.
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Figure 5. Daily monitoring view with input form and history.

Warehouse, Stock, and Purchasing.

The warehouse module displays the stock status of each item using color-coded indicators: Out
of Stock (red), Critical (orange), and Normal (green). The system automatically detects items
with stock levels below the minimum threshold and displays a warning badge. The purchasing
module records purchase orders (POs) sent to suppliers; in Solo Mode, POs are immediately
set to "Approved" status without requiring a separate approval step. Figure 6 shows the purchase
view.

: Warehouse & Stock
purchasing B3
Purchase Orders o suppliers — Solo Mode: auto-approve
Gurent stock @
Status: Al
All Categories
PO NO. SUPPLIER DATE TERM TOTAL STATUS
PO-202608- Jul 3 .
. Agro Kapur Senlosa Cash IDR 300,000 Approved Deta . .
0 AR R ey 0 J Out of Stock Adjus
PO-202605 CV Sumber Obat May 12 N Partially : X
oz Ikan 2026 Casl IDR 1,220,000 P Detai Obat Anti Jamur Medicles 20 - e
PO-202605 Toko Pakan May 02 NET DR 6,475,000 — e Pelet Apung 781-2 s 144 0 kg o— m Adjust
oot Makmur Jaya 2026 7
Pelet Tenggelam 782 F 62 Norm Adjus
SET Vitamin Low = -

Figure 6. Purchase/PO and warehouse views.

Harvest, Sales, Accounts Receivable, and Reports.

The harvest module records production output linked to an active cycle. Harvested produce
becomes inventory available for sale via the sales module. The accounts receivable module
displays customer receivable aging across four categories: not yet due, 1-60 days overdue, and
>60 days overdue. The reports module presents a production summary per cycle, featuring
columns for: commaodity, days, seed, feed (kg), harvest (kg), FCR, and SR (%). Figure 7 shows
the report view.
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Figure 7. Report View

4.4 Functional Verification Results
The implemented system was tested functionally to check the compliance of the functional
requirements mentioned in the Software Requirements Specification (SRS). The results of the
nine test cases for the core functional modules are summarized in Table 3 and all the test cases
were successfully completed. The system met the operational requirements specified and
worked as expected.

- SR
FCR 4

0.63

99

0.21 99.5

Table 3. Functional Verification Results Using Black-Box Testing

No. Module Test Scenario Expected Output Actual Output Status
1 Login Input valid username  Dashboard opens Dashboard opened Passed
and password according to user role as Owner
2 Pond Add a new pond Pond data are stored and Pond data Passed

displayed successfully stored
3 Cultivation Create a  new Active cultivation cycle Cycle created and Passed
Cycle cultivation cycle is created pond status
updated
4 Daily Record daily Monitoring data stored Data stored and Passed
Monitoring  monitoring data and feed stock updated inventory updated
5 Inventory Receive goods from Inventory quantity and Inventory updated Passed
purchase order stock status updated successfully
6 Procurement Create a purchase Purchase order stored Purchase order Passed
order with approved status successfully
created
7  Harvest Record harvesting Harvest data stored and Harvest data Passed
activity harvest stock created successfully
recorded
8 Sales Record a sales Sales transaction stored Sales and Passed
transaction and receivable generated receivable
successfully
recorded
9 Reporting Generate production Production report Report generated Passed

report

displayed correctly

successfully
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4.5 Discussion

The proposed layered architecture integrates the processes of cultivation and business
management in a single software architecture for fish farming at the level of one farm. The
architecture divides the system into five logical layers and clusters the business logic into four
operational domains. This provides a clear separation of responsibilities and creates traceability
between the system requirements and the software components, which is consistent with design
principles generally associated with improved maintainability, although maintainability itself
was not directly measured in this study. The implemented and functionally verified results
presented demonstrate that the proposed architecture is capable of supporting end-to-end
operational workflows and satisfies all the specified functional requirements; however,
functional correctness alone does not constitute evidence of maintainability, scalability, or
overall software quality.

Compared with previous studies such as [4], [9], [10], [11], [12] which primarily focus on
environmental monitoring or isolated aquaculture applications, and with broader agri-food
information system studies [3], [13], [14], [15] that address integration at an enterprise or multi-
farm scale, this research contributes an architecture-oriented approach that integrates
cultivation and business processes specifically for single-farm operations. Nevertheless, the
proposed architecture was evaluated only in a single-farm operational environment using
functional black-box verification, without quantitative assessment of response time,
performance, usability, or modularity/maintainability —metrics. Consequently, the
maintainability and scalability of the architecture are grounded in the design principles applied-
layer separation and domain-based decomposition-rather than in empirical measurement, which
is a practical limitation of the present study. Future research may extend the architecture to
support multi-farm management, 10T integration, and quantitative evaluation of architectural
quality attributes, such as scalability, maintainability, and performance.

5. Conclusions

In this study, the Prototype method was used to propose a layered architecture for a web-based
single-farm fish farming management system. The proposed architecture is initiated by the
determination of operational requirements and structures the system functionalities into five
logical layers and four business domains, offering a clear separation of responsibilities and
traceability between business requirements and software components. The architecture was
successfully deployed as a web-based management system that integrated cultivation,
inventory, financial and reporting processes in a centralized platform. Functional verification
using black-box testing demonstrated that all functional modules operated according to the
specified requirements, achieving a 100% success rate across all test scenarios. The main
contribution of this study is a layered architecture that maps single-farm aquaculture business
processes onto five structured software layers and four business domains, offering a feasible
foundation for developing integrated fish farming management systems in single-farm
operational environments. Its maintainability and scalability are supported by the applied
architectural design principles but were not empirically validated in this study, which is a
limitation to be addressed in future work. Future research may extend the proposed architecture
by supporting multi-farm management, integrating Internet of Things (IoT) technologies for
real-time monitoring, and empirically validating architectural quality attributes, such as
scalability, maintainability, and performance, using quantitative software engineering metrics.
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