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Fish farmers in Indramayu Regency face difficulties in accessing fisheries
information, evaluating aquaculture business feasibility, and communicating with
the local fisheries authority because existing digital services are fragmented across
multiple platforms. This study aims to develop AQUARA, an integrated web and
mobile based platform that combines fisheries information, government services,
aquaculture business analysis, discussion forums, a fish farmer directory, and Al
assisted digital consultation. The platform was developed using a Research and
Development (R&D) approach consisting of requirement analysis, system design,
platform development, testing, and evaluation. System functionality was verified
through Black Box Testing, non functional aspects were examined through
performance, security, and compatibility testing, and usability was evaluated using
the System Usability Scale (SUS). The testing results confirmed that all implemented
features operated according to the specified requirements, the platform demonstrated
acceptable response time, role based access control, and encrypted authentication,
and it achieved a SUS score of 82.7 (Grade A), indicating excellent usability and
high user acceptance. The integration of automated business feasibility analysis and
the Dr. Fisho Al computer vision based preliminary fish disease detection feature
within a single platform provides a practical solution for supporting the digital
transformation of the aquaculture sector. The proposed platform improves
information accessibility, supports business decision making, and strengthens
collaboration among fish farmers and fisheries stakeholders.

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

l. INTRODUCTION

Agquaculture plays a strategic role in supporting food
security, improving community welfare, and contributing to
national economic growth. Indonesia's aquaculture
production reached 6.37 million tons in 2024, representing an
increase of 13.64% compared to the previous year [1]. As
aquaculture production continues to grow, the adoption of
digital technologies has become increasingly important to
improve information accessibility, operational efficiency, and
sustainable fisheries management [2], [3].

Indramayu Regency is one of the major fisheries
production centers in West Java Province. In 2024, the
regency produced 523,265.16 tons of fisheries products,
accounting for 32.70% of the province's total fisheries
production, with aquaculture contributing 344,945.57 tons

[4]. Despite its considerable production potential, several
challenges remain in supporting aquaculture activities. Based
on field observations and semi structured interviews
conducted with the Department of Fisheries and Marine
Affairs of Indramayu Regency (Diskanla) and 15 fish farmers,
approximately 80% of respondents experienced difficulties in
accessing accurate fisheries information, government
assistance programs, and technical guidance. Furthermore,
aquaculture business analysis, including capital estimation,
operational cost calculation, and business feasibility
assessment, is still performed manually, making the process
time consuming and prone to calculation errors [5].
Communication and information exchange among fish
farmers are also limited because no integrated platform
currently facilitates collaboration among stakeholders [6], [7].
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Several studies have proposed digital solutions for fisheries
management. Ndoen et al. developed an information system
for aquaculture farmer administration [8], while another study
implemented a web based fisheries information system to
support fisheries management [9]. Vistiyawati and Santoso
developed a business intelligence dashboard to analyze
aquaculture production trends [10]. Yuspita et al. investigated
aquaculture business feasibility using financial analysis
methods [11]. Meanwhile, 10T based solutions have also been
proposed for automated fish feeding and aquaculture
monitoring [12], [13]. Although these studies have
demonstrated the benefits of digital technology in fisheries,
most of them address specific functions independently, such
as administrative management, production analysis, business
evaluation, or aquaculture automation [14].

This limitation indicates that existing digital solutions
remain fragmented and primarily focus on specific aspects of
aquaculture, such as intelligent farming, decision support,
sustainability monitoring, or business value chains, rather
than providing a comprehensive digital ecosystem for fish
farmers [15]. Existing studies rarely integrate fisheries
information, government services, aquaculture business
analysis, community discussion forums, and fish farmer
directories into a unified platform [16]. Consequently, fish
farmers often rely on multiple applications or manual
processes to access information and manage aquaculture
activities efficiently [17], [18].

The research gap addressed in this study can therefore be
stated explicitly. Ndoen et al. [8] and Ihsan et al. [9] focused
on administrative and management information systems
without business analysis or community collaboration
features; Vistiyawati and Santoso [10] provided a business
intelligence dashboard limited to production visualization;
Yuspita et al. [11] addressed business feasibility analysis in
isolation using manual financial computation; Karyaningsih
et al. (SIPATIN) [14] partially integrated information and
community services but did not incorporate automated
business analysis or Al based consultation; and loT based
studies [12], [13] concentrated on physical monitoring and
automation rather than information and decision support
services. None of these platforms combines fisheries
information, government services, automated business
feasibility analysis, discussion forums, a fish farmer
directory, and Al assisted disease consultation within a single,
centrally managed ecosystem. This gap between fragmented,
single purpose digital fisheries tools and the need for a unified
service platform constitutes the specific problem that
AQUARA is designed to resolve, and it is further
substantiated through the feature comparison presented in
Table 4.

Therefore, this study proposes and develops AQUARA, an
integrated web and mobile based digital platform for fisheries
information and aquaculture business analysis. The platform
integrates fisheries information services, government
information, business analysis tools, discussion forums, and a
fish farmer directory into a unified ecosystem [17]. The

developed platform is expected to improve information
accessibility, support more efficient aquaculture business
management, facilitate collaboration among fish farmers and
stakeholders, improve fisheries product market access [19]
and contribute to the digital transformation of the aquaculture
sector [16], [20].

Based on the identified problems, this study aims to (1)
design and develop an integrated digital platform, AQUARA,
that combines fisheries information, government information
services, aquaculture business analysis, discussion forums,
and a fish farmer directory within a single ecosystem; (2)
provide an automated aquaculture business feasibility
analysis tool to reduce the calculation errors commonly
encountered in manual business assessment; and (3) evaluate
the usability and practical applicability of the developed
platform through user acceptance testing involving fish
farmers and fisheries officers [20]. The main contribution of
this study is twofold. First, from an engineering standpoint,
AQUARA integrates six previously fragmented digital
services, namely fisheries information, government
information, automated aquaculture business analysis,
discussion forums, a fish farmer directory, and Al assisted
digital consultation, within a single layered architecture that
keeps the web and mobile clients synchronized through a
centralized RESTful API, distinguishing AQUARA from
prior studies that addressed administrative management,
production analysis, business evaluation, or automation
independently. Second, from a scientific standpoint, this
study contributes an empirically validated case of combining
computer vision based preliminary disease diagnosis with
human centered extension consultation and automated
financial feasibility analysis in one platform, together with an
evaluation that captures both functional correctness and user
perceived usability, providing evidence that service
integration of this scope is technically achievable without
degrading usability.

Il. METHOD

This study employed a Research and Development (R&D)
approach to design, develop, and evaluate the AQUARA
digital platform. The R&D procedure adopted in this study
refers to the model proposed by Sugiyono [22], which is a
simplified adaptation of the classical Borg and Gall R&D
model. This model was selected because it is oriented toward
producing and validating a functional software product rather
than a general educational intervention, and because its
condensed sequence of stages is well suited to a single
development cycle within the scope and timeframe of this
study, while still retaining the essential need analysis, design,
development, and evaluation stages required to produce a
field tested product. The development process followed
systematic software engineering practices, encompassing
requirement analysis, system design, implementation, testing,
and evaluation to ensure the quality and usability of the
developed system [21], [22]. Accordingly, the research
methodology consisted of five sequential phases: requirement
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analysis, system design, platform development, system
testing, and evaluation, as illustrated in Figure 1.

Platform
Development

System
Testing

Requirement
Analysis

System

Y Design

— ~ -

Evaluation

Figure 1. Research methodology of the AQUARA platform development
A. Requirement Analysis

The requirement analysis phase aimed to identify user
needs and existing challenges in aquaculture management.
Data were collected through field observations and semi
structured interviews with the Department of Fisheries and
Marine Affairs of Indramayu Regency (Diskanla) and 15 fish
farmers, selected using a purposive sampling technique based
on their active involvement in aquaculture activities in
Indramayu Regency. The collected information was analyzed
to identify functional and nonfunctional system requirements.

The functional requirements included fisheries
information management, government information services,
aquaculture business analysis, discussion forums, and a fish
farmer directory. Non functional requirements focused on
usability, accessibility, security, and cross platform
compatibility. The semi structured interview guide covered
four themes, namely access to fisheries and government
information, the process used to assess aquaculture business
feasibility, communication with fisheries officers and fellow
farmers, and prior experience with digital applications.
Interview and observation notes from the 15 fish farmers and
the Diskanla officers were transcribed and thematically
grouped; recurring themes, such as difficulty locating
assistance program information or reliance on manual
spreadsheet based cost calculation, were then translated into
concrete  functional requirements, for example the
government information module and the automated business
analysis calculator described in Section 11.C, so that each
implemented feature can be traced back to a specific need
expressed during this phase.

B. System Design

Based on the identified requirements, the AQUARA
platform was designed using the Object-Oriented Analysis
and Design (OOAD) approach. Unified Modeling Language
(UML), including use case, activity, sequence, and class
diagrams, was used to model the system requirements and
architecture.

The platform adopted a three-tier architecture consisting
of the presentation, application, and database layers. The web
application was developed using Laravel, while the mobile
application was implemented using Flutter. Both applications
communicated through RESTful APIs and utilized MySQL as
the centralized database.

To make the internal structure and data flow of the platform
explicit, Figure 2 presents the layered system architecture

diagram and Figure 3 presents the data flow diagram of
AQUARA. As shown in Figure 2, client requests originate
from the Web Client (Laravel Blade views) or the Mobile
Client (Flutter), and are transmitted over HTTPS as JSON
payloads to a RESTful APl Gateway. The APl Gateway
routes each request to the appropriate Controller, which
delegates business rules, including the business feasibility
Calculator Module and the Consultation Module, to the
Service Layer. The Service Layer accesses persistent data
exclusively through the Repository Pattern, which abstracts
Eloquent ORM operations against the centralized MySQL
database, so that presentation, business logic, and data access
remain decoupled. For fish disease consultation, the Service
Layer forwards the uploaded fish image to the Dr. Fisho Al
computer vision module and returns the resulting preliminary
diagnosis to the requesting client, while a parallel referral link
connects the user to a fisheries extension officer through the
WhatsApp channel.
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Figure 2. System Architecture Diagram of the AQUARA Platform

AQUARA: Development of an Al-Assisted Integrated Web and Mobile Digital Platform for Fisheries Information Services
and Aquaculture Business Analysis (Nur Budi Nugraha, Rendi, Fauzan Ishlakhuddin)



3588

e-ISSN: 2548-6861

reports / status

Admin

publish content /
moderate / approve

( Dr. Fisho Al |
/ fehinage | Image Analysis Process |
AQUARA Core Process preliminary
( FISI:/Farrner/ request/input data (Auth, Info, Business Analyss, diagnosis
sl Information /tesponse | Forum, Consuitation, Directory) e——
D1 User&
it
fede Difectory Store
readiwnite L -
E———n

read/write D2 Content Store

(Article, Forum)

D3 Business Analysis
Store

Figure 3. Data Flow Diagram (Level 0) of the AQUARA Platform

Figure 3 complements the architecture view by describing
how data moves between external entities and internal data
stores. Fish farmers and visitors submit requests, such as
information searches, business analysis input, forum posts, or
consultation images, to the AQUARA Core Process, which
reads from and writes to three logical data stores, namely the
user and directory store, the content store that holds articles
and forum data, and the business analysis store that holds
financial computation records. Diskanla administrators
interact with the same core process to publish content,
moderate discussions, and approve user registrations. Fish
images submitted through the consultation feature are routed
to the Dr. Fisho Al image analysis process, which returns a
preliminary diagnosis to the core process for presentation to
the user. This explicit separation between the core process and
the Al process reflects the modular design described in Table
1 and clarifies how information consistency is maintained as
data moves between the web client, mobile client, and
centralized database.

i Pk

e et v P

Figure. 4. Usecase Diagram

Figure 4 illustrates the use case diagram of the AQUARA
platform. The system involves four actors: visitors, fish
farmers, fisheries administrators, and super administrators.

The platform provides several core services, including
fisheries information, government information, aquaculture
business analysis, discussion forums, consultation services,
and fish farmer directory management.

C. Platform Development

The AQUARA platform was developed following the
approved system design. The implementation integrated
several core modules, including fisheries information
services, government information, aquaculture business
analysis, discussion forums, and a fish farmer directory. The
web application was implemented using the Laravel
framework, while the mobile application was developed using
Flutter. Both applications communicated with a centralized
MySQL database through RESTful APIs, enabling
synchronized data management across platforms.

The aquaculture business analysis module was developed
to automatically evaluate business feasibility based on
production and financial data entered by fish farmers. The
system calculates three commonly used financial indicators,
namely the Revenue Cost Ratio (R/C Ratio), Break Even
Point (BEP), and Payback Period (PP). These indicators are
computed automatically by the Calculator Module using the
following equations.

R —TR 1
/C—T—C (1

where TR is the total revenue and TC is the total production
cost.

FC

Ve
1-(rz)
where FCdenotes the fixed cost and VV Crepresents the variable
cost.

BEP = )

I
PP = 3)

where Iis the total initial investment and NPis the annual net
profit.

The calculated values are processed automatically after
the required financial data have been submitted by the user.
An R/C Ratio greater than 1 indicates that the aquaculture
business is financially feasible, while the BEP and PP provide
information regarding the minimum revenue required to cover
production costs and the estimated investment recovery
period, respectively. The implementation of these equations
enables the system to perform consistent and accurate
business feasibility analysis without requiring manual
calculations.

The parameters used in the business feasibility module,
namely the Revenue Cost Ratio, Break Even Point, and
Payback Period, were selected because they are the three
indicators most commonly required by Diskanla and
microfinance institutions when assessing small scale
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aquaculture proposals in Indramayu Regency, and because
they can be computed directly from the capital, production,
and operational cost data that fish farmers already record. To
validate the Calculator Module, the automated outputs for a
set of sample cases were cross checked against manual
spreadsheet based calculations prepared by the research team;
the automated and manual results matched exactly,
confirming that Equations (1) to (3) were implemented
correctly in the system.

D. Al Based Digital Consultation (Dr. Fisho Al)

The Digital Consultation feature combines an artificial
intelligence component with a human consultation channel.
Dr. Fisho Al performs preliminary fish disease identification
using an image classification approach: the user captures or
uploads a photograph of the affected fish, the image is
preprocessed (resized and normalized) and passed to a
convolutional neural network based classifier, and the model
returns the most probable disease category together with a
short description of typical symptoms and recommended
initial actions. The classifier's knowledge base is limited to a
predefined set of common fish diseases relevant to the
freshwater and brackish water species cultivated in
Indramayu Regency; conditions outside this set, or images of
insufficient quality, are flagged as inconclusive rather than
being forced into a diagnosis.

Dr. Fisho Al is built on a Convolutional Neural Network
(CNN) trained to classify images of diseased fish into the
predefined disease categories described above. The model
was trained and validated using a dataset of 500 labeled fish
images collected to represent the common disease conditions
encountered in freshwater and brackish water aquaculture in
Indramayu Regency. On the held out test data, the model
achieved an overall classification accuracy of 85%, which
was considered acceptable for a preliminary screening tool
given that every result is subsequently reviewed by a fisheries
extension officer rather than acted upon directly by the user.
The model was trained to distinguish 12 common fish disease
classes relevant to the species cultivated in Indramayu
Regency. The 500 image dataset was divided using a 70/15/15
split, allocating 70% of the images for training, 15% for
validation during model tuning, and the remaining 15% as a
held out test set used to report the 85% accuracy figure above.
Model development and training were carried out using
TensorFlow and PyTorch.

The recommendation is not presented to the user as a final
diagnosis. Every Al generated result is labeled as a
preliminary indication and is paired with a direct WhatsApp
referral to a fisheries extension officer at Diskanla, who
reviews the case and provides an authoritative
recommendation; this two step design, an automated
screening stage followed by mandatory human validation, is
intended to reduce the risk of farmers acting on an incorrect
automated diagnosis alone and keeps the extension officer
accountable for the final treatment advice.

E. Information Quality and Content Governance

To keep the information published on AQUARA accurate,
current, and consistent with official policy, content on the
Fisheries Information and Government Information modules
is not published directly by end users. Atrticles,
announcements, and assistance program information are
drafted or supplied by Diskanla staff through the Admin
Module, reviewed by an authorized Diskanla administrator
before being made publicly visible, and can be edited or
withdrawn if the underlying policy changes, so that the
platform functions as an extension of Diskanla's official
communication channels rather than an open, unmoderated
content source. Discussion forum posts, in contrast, are user
generated and are moderated after publication, with the
Admin Module allowing administrators to remove or flag
inappropriate or misleading posts, as reflected in the
administrative test scenarios in Table 2.

F. Data Security and Privacy

Because AQUARA stores personal data such as user
names, contact details, and farm location, several safeguards
were implemented at the application level. User
authentication relies on hashed and salted password storage
rather than plaintext credentials, session based authentication
tokens are used to authorize subsequent API requests, and role
based access control restricts each of the four actor types
(visitor, fish farmer, Diskanla administrator, and super
administrator) to the modules and data relevant to that role,
consistent with the User Management Module described in
Table 1. All communication between the web and mobile
clients and the RESTful API is transmitted over HTTPS to
protect data in transit. In addition, server side input validation
is applied to incoming requests to prevent malformed or
malicious data from reaching the business logic and database
layers, complementing the authentication, hashing, and role
based access safeguards described above.

G. System Testing

System testing was conducted to verify that all
implemented functionalities operated according to the
specified requirements. Functional testing employed the
Black Box Testing method by evaluating each feature using
predefined test scenarios covering both valid and invalid input
conditions. The testing process verified user authentication,
information management, business analysis, discussion
forums, directory management, and administrative functions,
with 15 test scenarios executed in total.

H. Non Functional Testing

In addition to functional verification, non functional
aspects of the platform, namely performance, security, and
cross platform compatibility, were examined to address
requirements identified in Section I.A. Performance testing
measured API response time under typical single user load for
representative endpoints (login, information listing, and
business analysis calculation). Security testing covered
authentication safeguards, namely resistance to invalid login
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attempts, session handling, and role based access restriction,
corresponding to the safeguards described in Section I1.C.6.
Compatibility testing verified that the web application
rendered correctly on the latest versions of Chrome, Firefox,
and Edge, and that the Flutter mobile application functioned
correctly on representative Android OS versions.

The non functional testing demonstrated satisfactory
system performance, with APl response times remaining
below one second under normal conditions for the tested
endpoints. The platform also operated successfully across the
major web browsers tested, namely Google Chrome,
Microsoft Edge, and Mozilla Firefox, as well as on Android
smartphones, without significant functional or interface
issues, confirming acceptable cross platform compatibility.
Detailed results are presented in Section 111.C.

I. Evaluation

The developed platform was evaluated to assess its
usability and practical applicability using the System
Usability Scale (SUS). The evaluation involved
representative users, including fish farmers and fisheries
officers, who interacted with the AQUARA platform and
subsequently completed the SUS questionnaire consisting of
ten standardized statements measured using a five point
Likert scale ranging from Strongly Disagree (1) to Strongly
Agree (5). The SUS instrument was selected because it is
widely used to evaluate software usability and provides a
reliable overall usability score.

The SUS score was calculated according to the standard
procedure. For odd numbered items, the contribution score
was obtained by subtracting one from the respondent's score,
whereas for even numbered items, the contribution score was
obtained by subtracting the respondent's score from five. The
sum of all contribution scores was then multiplied by 2.5 to
obtain the final SUS score ranging from 0 to 100.

10
SUS = (Z 5,.> X 2.5 4

i=1
where S; represents the adjusted contribution score of each
questionnaire item. A higher SUS score indicates better
system usability, while scores above 68 generally indicate
acceptable usability performance.

I1l. RESULT AND DISCUSSION
A. Implementation

The AQUARA platform was implemented as a web
application using the Laravel framework and a mobile
application using Flutter, both connected to a centralized
MySQL  database through RESTful APIs. The
implementation covers five core modules identified during
the requirement analysis phase: fisheries information,
government information, aquaculture business analysis,

discussion forums, and fish farmer directory, in addition to an
administrative module for content and user management.

Diskania Indramayu

AQUARA

Mendukung Pembudidaya

Bty
s
Foru

Analisa Komoditas

]

Figure 5. AQUARA Dashboard Interface

On the fisheries and government information pages, users
can browse and search published articles, announcements,
and assistance program information. The business analysis
module allows fish farmers to input capital investment,
production, and operational cost data and automatically
generates business feasibility indicators, including the
Revenue-Cost (R/C) Ratio, Break Even Point (BEP), and
Payback Period (PP). The -calculations are performed
automatically based on the financial model described in
Equations (1)—(3), and the resulting values are presented
instantly to support business decision-making.

The discussion forum enables fish farmers, fisheries
officers, and other stakeholders to exchange information and
discuss aquaculture-related issues, while the fish farmer
directory provides a searchable list of registered farmers
based on location and commodity type. In addition, the
platform integrates Dr. Fisho Al, which performs preliminary
fish disease detection using computer vision and provides an
initial diagnosis that can be followed by consultation with
fisheries extension officers through the platform.
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Figure 6. Aquaculture Business Analysis Interface

In addition to the dashboard, AQUARA provides
dedicated Fisheries Information and Government Information
features. The Fisheries Information module presents an
encyclopedia of cultivated fish commodities, covering
characteristics, cultivation potential, and a stock exchange
menu (Bursa Stok) that helps fish farmers monitor the
availability of harvested commodities and expand their
market access. The Government Information module serves
as an official channel for the Indramayu Regency Department
of Fisheries and Marine Affairs (Diskanla) to publish news,
government assistance programs, and departmental activities,
together with quick access links to the official Diskanla and
West Java provincial government websites.
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Figure 7. Fisheries Information Interface
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Figure 8. Government Information Interface

By centralizing these two information services within a
single platform, fish farmers no longer need to search across
multiple media channels to obtain accurate and up to date
information regarding cultivation techniques, market prices,
and government programs, directly addressing the
information fragmentation problem identified during the
requirement analysis phase.

The Discussion Forum feature functions as a collaboration
space where fish farmers, fisheries officers, academics, and
the general public can exchange information and share field
experiences related to aquaculture practices. Users can create
discussion posts, comment on existing posts, and interact with
other members of the community, supporting collective
learning and strengthening the network among stakeholders.
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Figure 9. Discussion Forum Interface

The Digital Consultation feature integrates artificial
intelligence with direct consultation services to help fish
farmers obtain solutions more quickly. Its main component,
Dr. Fisho Al, applies computer vision to provide an initial
identification of fish disease based on image analysis: the user
captures or uploads a photo of the fish, and the system
analyzes visual characteristics to generate a preliminary
diagnosis before the farmer proceeds to further consultation
with a fisheries extension officer. This feature is
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complemented by a direct WhatsApp channel to fisheries
extension officers and a link to the official Diskanla Instagram
account for the latest programs and educational content. The
integration of computer vision based disease detection with
human consultation channels distinguishes AQUARA from
the fisheries information systems reviewed in the
introduction, none of which combine automated visual
diagnosis with government consultation services in a single
platform.
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Figure 10. Digital Consultation Interface (Dr. Fisho Al)

The Fish Farmer Catalog serves as a digital promotion
medium that allows fish farmers to display their cultivation
business profile, including commaodity type, location, and
price, so that they can expand their marketing network and
increase collaboration opportunities among fellow business
actors. Combined with the discussion forum, this feature
completes the collaborative dimension of AQUARA that was
previously unavailable in a centralized form.
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Figure 11. Fish Farmer Catalog Interface

B. System Architecture

AQUARA was implemented using a Model View
Controller (MVC) architecture combined with a Layered
Architecture approach, dividing the system into a
Presentation Layer, Business Logic Layer, Data Access
Layer, and Database Layer. A Repository Pattern was applied
to separate the data access mechanism from the business
logic, while a Service Layer was introduced to handle more
complex business processes such as the aquaculture business
analysis calculations. This layered approach improves the
modularity, testability, and maintainability of the codebase
and facilitates the development of additional features in future
iterations. This implemented structure corresponds directly to
the layered architecture and data flow illustrated earlier in
Figure 2 and Figure 3, confirming that the deployed system
follows the architecture defined during the design phase
rather than diverging from it during implementation.

TABEL 1
DESCRIPTION OF AQUARA SYSTEM COMPONENTS

Component Description

Manages user authentication, including
login, logout, and account registration.
Manages user data, profiles, and role
based access control (Visitor, Fish Farmer,
Diskanla Admin, Super Admin).

Manages articles, news, and fisheries
information displayed on the platform.
Manages discussion forums, topics, and
comments among USers.

Manages the aquaculture business analysis
feature and cultivation cost calculator.
Manages consultation services, including
the Al based disease detection (Dr. Fisho
Al) and WhatsApp integration with
fisheries officers.

Manages the administration panel,
including content management, forum
moderation, and system configuration.

Authentication Module

User Management
Module

Acrticle Module

Forum Module

Calculator Module

Consultation Module

Admin Module

As shown in Table 1, the seven core components work
together to support the complete business process of the
platform, from user management and information delivery to
business analysis, consultation, and system administration,
confirming that the implemented system corresponds to the
architecture defined during the design phase.

C. Testing

System testing was performed on the AQUARA platform
using the Black Box Testing method to verify that each
implemented feature functioned according to the specified
functional requirements. A total of 15 test scenarios were
designed and executed, covering user authentication,
information management, business analysis, discussion
forums, directory management, and administrative functions,
with two to three scenarios examined for each module under
both valid and invalid input conditions.
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TABEL 2 ADDrove new User account
BLACK BOX TESTING Administrative pprove - status is .
14 user registration Valid
£ 3 A I Functions (admin) updated to
No | Module Test Scenario Rxpelctte Rctu?t approved.
ng: esu Moderate/delete Post is )
Administrative | inappropriate Valid
Login with Isg;geur?;ﬁg):s 151 Functions discussion post :ﬁg;)o\?i%from
icati i admin )
! Authentication valid credentials | redirected to Valid ( )
the As shown in Table 2, all functional test scenarios were
dashboard. . . .
System successfully completed. In addition to functional testing, non-
Login with rejects the Valid functional testing_ confirmed  satisfactory plf_:ltfo_rm
5 | Authentication | invalid IO%ITJ _attfl—'mpt (rejected performancg, security, an_d cross-platforr_n compatibility.
password :2 err‘gf ays 2?( ected) Representative APl endpoints responded in less than one
message. P second under normal operating conditions, invalid login
Register new New account at’gempts and unauthorized role access were successfully
3 | Authentication | user account If] createdand | |/ .. rejected, and _the pl_atform operated correctly on Goog_le
with valid data : € user can Chrome, Mozilla Firefox, Microsoft Edge, and Android
figt'g]; devices. These results indicate that AQUARA satisfies the
published specified non-functional requirements and complements the
4 | Information View fisheries | articles and Valid functional correctness demonstrated by the Black Box Testing
Management information list | information is results.
displayed
correctly. D. Usability Evaluation
Search System
Management invalid/no result expected) using the .System Usab_|I|§y Scale (SUS) myolvmg 15
match keyword | Cooag€ representatl\{e users, cor_15|st|ng of the same 15 fish farmgrs
_ View | Program engaged during the requirement analysis phase together with
g | Information government/assi g?ta:' Page 5| \alid fisheries officers from Diskanla, so that the evaluators
Management Zte""t';ff program Cfﬁe"’gﬁ/ reflected the platform's intended end users. Respondents
) Data is ranged in age from young to senior fish farmers with varying
Business 'C’;g‘ijt;‘l’g:]'g accepted and levels of prior smartphone and application usage experience,
7| Analysis operational cost ?é(;;?glmf Valid which was intentionally preserved to capture usability across
data Calculatié’n differing levels of digital literacy rather than being restricted
System to technically proficient users. The evaluation procedure was
Calculate R/C displays the conducted in a single session per respondent: each participant
Business Ratio, BEP, and | correct R/C ; first received a brief orientation to the purpose of the study,
& | Analysi Payback Period | Ratio, BEP, | V310 :
nalysts fr‘;){n"’;rc]pute(;;‘;a a:d";'P ; then completed a guided walkthrough of the platform's core
values. features (fisheries information, government information,
System business analysis, discussion forum, digital consultation, and
_ Input rejects the Valid farmer directory) on their own device or a provided device,
9 E\‘r‘;'lr;'“:z negative/invalid :j“isglta";‘/’;da gsele"ted and immediately afterward completed the ten standardized
cost value validation expected) SUS stgt_ements using a five point Likert scale under t_he direct
error. supervision of the research team, who were available to
o Post is clarify any statement that respondents found ambiguous. The
10 E'SCUSS'OT‘ dC,rea‘e anew . PPPt')'IShfd and |\, iid collected responses were processed according to the standard
orum O PO o asors SUS scoring procedure to obtain the overall usability score.
System valid The evaluation results showed that the AQUARA
11 | Discussion Submit an rejects the (rejected platform achieved an average SUS score of 82.7, indicating
Forum empty comment | empty as that the developed system provides a high level of usability.
sﬁ?@ﬁfgn expected) | According to the SUS interpretation guidelines, this score
Directory Search fish farmer falls within the Grade A category and is classified as
12 farmer by Valid indinati B
Management locationiregion | ecords are Excellent, indicating that users considered the platform easy
displayed. to learn, easy to use, and suitable for supporting fisheries
. . System valid(no | information management and aquaculture business analysis.
Directory Search with no displays a no
13 . result, as
Management matching result | result
expected)
message.
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TABEL 3
SYSTEM USABILITY SCALE (SUS) EVALUATION RESULTS

Evaluation Result

Number of Respondents | 15

SUS Score 82.7

Grade A

Acceptability Acceptable

Adjective Rating Excellent

The obtained SUS score indicates that the AQUARA
platform provides excellent usability and effectively supports
fisheries information management, aquaculture business
analysis, and communication among stakeholders. The high
usability score demonstrates that integrating fisheries
information, government services, business analysis,
discussion forums, digital consultation, and the fish farmer
directory into a single platform does not reduce usability.
Instead, users perceived the integrated design as intuitive and
beneficial for supporting their daily aquaculture activities.

Beyond usability, several SUS items and open feedback
collected during the evaluation session provide preliminary
indications of operational benefit. Respondents who
previously performed business feasibility calculations
manually reported that the automated Calculator Module
removed a step that had been prone to arithmetic error and
normally required consulting a separate worksheet,
suggesting a reduction in the effort needed to reach a
feasibility decision. Similarly, respondents who previously
relied on visiting the Diskanla office or searching multiple
social media channels for assistance program announcements
indicated that locating the same information within
AQUARA required fewer steps.

E. Discussion

Table 4 summarizes how AQUARA compares with the
digital fisheries solutions reviewed in the introduction,
highlighting the level of integration achieved by the proposed
platform.

TABEL 4

FEATURE COMPARISON BETWEEN AQUARA AND RELATED DIGITAL
FISHERIES SOLUTIONS

Study Info. &'Gov't Busines's F(_)rum &
Services Analysis Directory

Ndoen et al. [8] Partial No No
Vistiyawati & Partial No No
Santoso [10]
Yuspita et al. [11] No Yes No
Karyaningsih et al. Partial No Partial
(SIPATIN) [14]
AQUARA (this Yes Yes Yes
study)

Another distinguishing feature of AQUARA is the
integration of Dr. Fisho Al, a computer vision based
preliminary fish disease detection module. Unlike previous
systems that primarily relied on loT devices for
environmental monitoring, this feature enables users to obtain
an initial diagnosis directly from fish images and continue the

consultation process through fisheries extension officers.
Consequently, the platform not only supports information
management but also facilitates faster decision making for
disease handling and aquaculture management.

The comparison summarized in Table 4 was constructed by
reviewing the features reported in the published description of
each related system [8], [10], [11], [14] and classifying each
service dimension as fully supported (Yes), partially
supported (Partial), or absent (No); a dimension was marked
Partial when the related study implemented only part of the
corresponding AQUARA module, for example information
display without an interactive assistance program request
feature. This criterion based comparison, rather than a purely
narrative description, is intended to make the evaluation of
AQUARA's advantages over existing solutions more
objective and independently verifiable, although the
comparison is necessarily limited to the functionality
documented in each source publication and could not include
performance or usability benchmarking of the compared
systems, since the corresponding platforms were not available
for direct testing by the research team.

The functional testing results confirmed that all
implemented modules operated according to the specified
requirements, demonstrating that the proposed platform
successfully implemented the designed functionalities
without functional errors. These findings indicate that the
integration of multiple services within a single application can
be achieved without compromising system functionality.

Furthermore, the usability evaluation using the System
Usability Scale (SUS) produced an average score of 82.7,
corresponding to Grade A with an Excellent adjective rating.
This result indicates that representative users perceived the
platform as easy to learn, easy to operate, and appropriate for
supporting ~ fisheries  information  management and
aquaculture business analysis. The high SUS score also
suggests that integrating multiple functional modules into a
single platform did not increase interaction complexity.
Instead, users considered the unified design beneficial
because it reduced the need to switch between different
applications during daily aquaculture activities.

From a software engineering perspective, the layered
MVC architecture combined with the Repository and Service
Layer patterns contributes to the maintainability and
scalability of the platform. Separating presentation, business
logic, and data access enables each functional module to be
developed and maintained independently, facilitating future
system enhancement. In addition, the implementation of
RESTful APIs allows the Laravel based web application and
Flutter mobile application to share a centralized database
while maintaining consistent and synchronized information
across platforms.

The findings of this study also have practical implications
for the digital transformation of aquaculture services in
Indramayu Regency. By integrating fisheries information,
business feasibility analysis, digital consultation, and
government information into a single platform, AQUARA
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can improve information accessibility, support business
decision making, and strengthen communication between fish
farmers and fisheries officers. This integrated approach aligns
with the concept of smart aquaculture by utilizing software
based digital technologies that remain affordable and
accessible for small scale fish farmers.

Although AQUARA was designed and evaluated for
Indramayu Regency, its layered architecture and modular
services are not tied to region specific business logic, which
suggests the platform could in principle be adapted to other
aquaculture producing regencies in West Java or elsewhere in
Indonesia by replacing region specific content, namely local
fisheries information, government assistance programs, and
the extension officer contact channel, while reusing the
authentication, business analysis, forum, and consultation
modules described in Table 1. Realizing this potential at a
larger scale, however, would raise several practical challenges
that were not addressed within the current scope: each
adopting regency would need its own content governance
workflow similar to the one described in Section 11.C.7, since
fisheries information and assistance programs vary by local
government; the Dr. Fisho Al module would need to be
retrained or extended to cover disease patterns and fish
species relevant to the target region if these differ from those
cultivated in Indramayu; and the underlying infrastructure
would need to accommodate a larger and more geographically
distributed user base than the 15 respondents evaluated in this
study, which has direct implications for the server capacity,
database scalability, and network reliability required for a
multi region deployment.

Despite these encouraging results, this study has several
limitations that should be considered when interpreting its
findings. First, regarding implementation scope, the current
version of AQUARA was deployed and evaluated as a
functional prototype covering the five core modules described
in Section IILA; it has not yet undergone a full production
rollout with live monitoring under real world operating
conditions, such as sustained multi user concurrent access or
extended uptime measurement. Second, the trial and
evaluation activities, including the requirement analysis
interviews and the usability evaluation, were confined to fish
farmers and Diskanla officers within Indramayu Regency;
consequently, the findings may not generalize to fish farmers
in other regencies with different levels of digital literacy,
infrastructure availability, or fish species cultivated, which is
directly relevant to the broader implementation discussed
above. Third, the Dr. Fisho Al feature has its own specific
limitations: its disease classification is restricted to a
predefined set of common diseases relevant to the species
cultivated in Indramayu Regency, although it achieved 85%
classification accuracy on the 500 image test dataset described
in Section I1.C.5, this evaluation has not yet been cross
validated against independent veterinary or fisheries expert
diagnosis on a separate field collected sample, and it is
intended only as a preliminary screening aid that must be
followed by human consultation rather than as a stand alone

diagnostic tool. Fourth, the usability evaluation involved only
15 representative respondents, which may not fully represent
the diversity of fish farmers in Indramayu Regency, and it
assessed usability and short term interaction rather than long
term adoption or performance under larger scale deployment.
Finally, this study did not include an extended field trial in
which the platform was used unsupervised by fish farmers
over a defined period of weeks or months; the reported
evidence of benefit is therefore based on a single supervised
evaluation session rather than sustained real world use, and
claims about long term impact on productivity or decision
quality should be read as preliminary indications rather than
confirmed outcomes. Addressing these limitations, future
research should involve a larger and more diverse group of
respondents across multiple regencies, evaluate API
performance, scalability, and security under production level
conditions, quantitatively validate the Dr. Fisho Al classifier
against expert diagnosis, and conduct a longitudinal field trial
to measure the platform's sustained impact on aquaculture
productivity and digital service adoption.

1VV. CONCLUSION

This study developed AQUARA, an integrated web and
mobile based digital platform that combines fisheries
information, government information, aquaculture business
analysis, discussion forums, a fish farmer directory, and Al
assisted digital consultation to support fish farmers in
Indramayu Regency, implemented using a layered Model
View Controller architecture whose structure and data flow
were made explicit through the system architecture and data
flow diagrams presented in Section 11.B. Black Box Testing
confirmed that all implemented functionalities operated
according to the specified requirements, non functional
testing indicated acceptable response time, compatibility, and
role based security safeguards, and the usability evaluation
using the System Usability Scale (SUS) produced an average
score of 82.7, corresponding to Grade A (Excellent),
indicating that the platform is easy to use and well accepted
by representative users. These findings demonstrate that
AQUARA successfully achieved the research objectives of
integrating previously fragmented fisheries services into a
single platform while providing automated business
feasibility analysis and Al assisted preliminary fish disease
detection, distinguishing it from the fragmented digital
fisheries solutions identified in the research gap. At the same
time, the findings are bounded by the limitations discussed in
Section IIL.LE, namely a single regency setting, a prototype
level rather than production level deployment, an Al classifier
whose 85% test accuracy has not yet been cross validated
against independent expert diagnosis, and the absence of a
longitudinal field trial. Future research should therefore
involve a larger and more diverse group of respondents across
multiple  regencies, quantitatively evaluate  system
performance, scalability, and data security under production
conditions, cross validate the Dr. Fisho Al classifier's
accuracy against independent expert diagnosis, and conduct
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an extended field trial to confirm the platform's real world
impact on aquaculture productivity, decision making, and
digital service adoption before wider implementation in other
aquaculture regions.
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