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ABSTRACT

This research focuses on the development of an interactive web-based
dashboard to support a precision agriculture system for chili plants. The
primary focus of this research is on the back-end development of the
system. The system integrates several internal and external APIs,
including the Flask API (internal) for plant disease classification and
growth prediction, and the Google Gemini API for the Al-powered
chatbot that provides consultation to farmers (external). These features
allow farmers to receive automatic disease diagnosis and growth
predictions, improving decision-making and crop management. The
dashboard also presents weather information, environmental data, and
nanobubble data, along with Echarts gauge charts for seven essential
metrics: Electrical Conductivity (EC), temperature, humidity, pH,
nitrogen, phosphorus, and potassium. Data for the environmental and
nanobubble data is retrieved from the ThingSpeak API (external), while
weather information is fetched from the OpenWeatherMap API
(external). The system was thoroughly tested using Postman to ensure all
API endpoints function correctly. The results confirmed that all endpoints
responded with status code 200 OK, indicating stable back-end
performance. Performance testing showed response times stabilizing at
2000 ms after initial 4500 ms peaks, confirming efficient handling,
reliable endpoints, and deployment readiness.

Keywords : Al-powered chatbot; back-end development; disease
classification; growth prediction, interactive dashboard;
precision agriculture.
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1. INTRODUCTION

Precision agriculture is a modern
agricultural approach that utilizes advanced
technologies such as sensors, data analysis, and
automation to optimize farming practices and
improve crop yields. This approach is
particularly beneficial for chili plant cultivation,
which requires precise monitoring of
environmental factors such as soil moisture,
temperature, humidity, and plant health [1], [2].
In this research, the focus is placed primarily on
the back-end development of an interactive
web-based dashboard that supports precision
agriculture for chili plants [3]. Application
Programming Interfaces (APIs) play a crucial
role in enabling seamless communication
between the back-end systems and external
services, providing the flexibility to access real-
time data from various sources, integrate
machine learning models, and deliver valuable
insights [4]. APIs facilitate efficient data
exchange between the front-end and back-end
systems, ensuring that all data required for
analysis and predictions is properly fetched,
processed, and served to the user interface.

The primary objective of this research is
to create a robust back-end system that
integrates various internal and external APIs to
automate  disease classification, growth
prediction, and provide real-time environmental
monitoring for chili plants [5], [6]. The title
clearly reflects the focus on back-end
development. The system’s core functionalities
rely heavily on back-end processing to
aggregate data from multiple sources and
deliver it to the front-end in real-time. The
system integrates several internal and external
APIs, including the Flask API (internal) for
plant disease classification and growth
prediction, and the Google Gemini API
(external) for an Al-powered chatbot that
provides consultation to farmers. Additionally,
the ThingSpeak API (external) is used to
retrieve environmental data, such as soil
moisture and other key metrics from sensor
channels, while the OpenWeatherMap API
(external) provides weather data, including
temperature and humidity, which are crucial for
chili plant care. These APIs collectively enable
the system to provide accurate, real-time data,

empowering farmers to make informed
decisions and manage their crops effectively.

In the field of precision agriculture,
particularly chili plant cultivation, numerous
studies have focused on leveraging IoT sensors,
machine learning, and real-time data systems
for disease classification, growth prediction,
and environmental monitoring. However, few
have integrated advanced features such as Al-
powered chatbot consultations and real-time
data visualization with Echarts gauges. This
research aims to fill that gap by combining these
innovative features, enabling farmers to make
more informed, data-driven decisions. A
Systematic Literature Review (SLR) was
conducted to identify the tools, technologies,
and features employed in previous studies,
highlighting the contributions of AI chatbot
integration and Echarts gauges. The review
followed the PRISMA framework [7], and
Figure 1 illustrates the selection and evaluation
process of relevant studies.
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Figure 1. PRISMA diagram for systematic literature review

Following the PRISMA diagram, Table 1
summarizes the key findings from the
Systematic Literature Review (SLR).
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Table 1. Systematic literature review

Citation Features App Tools API Key Findings

[8] Disease Classification, Web Laravel, - Utilized deep learning for image
Growth Prediction, YOLOVS, Python, recognition in hydroponic
Environmental OpenCV environments, improving disease
Monitoring, Real-time detection and growth  stage
Data Logging monitoring.

[9] Disease Classification, Mobile TensorFlow, Al - Focused on Al's application in
Growth Prediction, Models agriculture, particularly for disease
Environmental classification and crop health
Monitoring, ~ Decision predictions.

Support
[10] Soil Monitoring, Web IoT Sensors, ThingSpeak API IoT-based soil monitoring with

Temperature  Control,
Automated  Irrigation,

Hybrid Machine
Learning, MySQL

hybrid machine learning for real-
time predictions of tomato crop

Data Logging diseases, enhancing pest control
efficiency.

[11] Weather Data, Mobile Big Data OpenWeathertMap  Applied Al and big data to manage
Environmental Data, Analytics, Al API weather data in precision
Growth Prediction, Models, IoT agriculture, improving decision
Decision Support Sensors support for crop management.

[12] Disease Classification, Web Deep Learning, - Comprehensive review of deep
Visual Monitoring, Real- Computer Vision, learning and computer vision
time Disease Detection TensorFlow applications in plant disease

Our Weather  Information, Web
Research  Environmental Data,
Torn Nanobubble,

Echarts Gauge Graphs,
Disease Classification,
Growth Prediction, Al
Chatbot

Laravel, PHP,
MySQL, Postman ~ OpenWeatherMap  real-time consultation, and used

detection and its integration in
precision agriculture.
ThingSpeak API, Introduced Al-powered chatbot for

API, Google Echarts gauges to display 7 metrics
Gemini APL, Flask  (EC, Temperature, Humidity, pH,
API Nitrogen, Phosphorus, Potassium)

for each sensor channel.

Table 1 presents a summary of the key
features and innovations from previous studies
in the field of precision agriculture, particularly
in chili plant monitoring systems. Most prior
research has focused on fundamental aspects
such as disease classification, growth
prediction, and environmental monitoring.
While relevant, these features have been widely
implemented in various studies. As a
distinguishing factor, this study introduces two
main innovations, namely the Al Chatbot and
Echarts gauges. The Al Chatbot enables direct
interaction between users and the system,
providing real-time, personalized responses
based on current environmental data, thereby
supporting faster and more accurate decision-
making. Meanwhile, the Echarts gauges offer
visual representations of seven essential
parameters (EC, temperature, humidity, pH,
nitrogen, phosphorus, and potassium) from
each sensor channel, enhancing data readability
and overall user experience. These features
offer a more interactive, adaptive, and data-
driven approach to the implementation of
precision agriculture systems, representing
added value not found in previous research.
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2. METHODS

The Prototyping Method is widely used
in software development due to its ability to
quickly generate a working prototype,
facilitating rapid testing and gathering user
feedback. This method is advantageous for
validating system functionality early in the
development  cycle, enabling  prompt
identification and correction of shortcomings
[13]. In this research, the Prototyping Method
allowed iterative testing and refinement to
ensure that the system’s integration of various
internal and external APIs met required
standards and provided necessary
functionalities. Furthermore, this approach
helped address potential challenges in real-time
data processing and system performance before
final deployment, resulting in a reliable and
efficient system.

Several tools were selected based on their
ability to support scalable and efficient back-
end development. Laravel 12, a popular PHP
framework, was chosen for its flexibility in
building robust RESTful APIs with features
such as routing, authentication, and database
management. PHP 8 was utilized to handle
multiple API requests and efficiently process
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large datasets in real-time, meeting the demands
of a high-load system [14]. MySQL was chosen
as the relational database to manage data related
to user information, sensor data, and prediction
results, allowing for efficient storage and
retrieval of structured data [15]. Postman was
essential for API testing, allowing for the
validation of each endpoint to ensure the
system’s responses were accurate and met the
requirements of the project [ 16]. The integration
of APIs, including the ThingSpeak API for
environmental monitoring, OpenWeatherMap
for weather data, and Google Gemini for
chatbot functionality, provided real-time
insights critical for improving decision-making
in precision agriculture.

2.1. Prototyping Method

The development method employed in
this research was the Prototyping Method with
a single iteration approach, selected for its
ability to rapidly develop and test an initial
prototype followed by refinement based on
feedback. This approach suits back-end
development well, enabling smooth integration
of internal APIs (such as the Flask API for
disease classification and growth prediction)
and external APIs (including ThingSpeak API
for environmental data, OpenWeatherMap API
for weather data, and Google Gemini API for
the Al-powered chatbot). This method ensures
that real-time data processing, accurate disease
classification, and growth prediction features
are effectively implemented. Moreover, the
method’s flexibility allows for continuous
improvements through early-stage evaluations,
ensuring that the system satisfies user needs, as
shown in Figure 2.

Prototyping Method

One Iteration

>

|
jona!

w@”/ [ /@\/\ > @ > f@

==
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Figure 2. Prototyping method (one iteration)

Figure 2 illustrates the five stages of the
prototyping method applied in this research.
First, Requirement Gathering identified key
features including disease classification, growth
prediction, and real-time environmental
monitoring. This was followed by Quick
Design, where design artifacts such as the ERD,
system architecture diagram, and API endpoint
specifications were prepared. In the Build
Prototype stage, system logic was implemented
using the Laravel framework, integrating both
internal and external APIs to enable real-time
data processing. The User Evaluation phase
involved functional testing with Postman to
validate the behavior of the system’s API
endpoints, ensuring all components functioned
as expected with real-time data. Finally, in the
Refinement phase, the prototype was optimized
based on feedback and testing results, resolving
any issues and making necessary adjustments.
This iterative process ensured that the system
was ready for further integration and eventual
deployment.

2.2. Tools and Development Environment

In the development of the chili plant
precision agriculture system, several tools and
technologies were utilized to ensure an efficient
and scalable back-end system. Laravel 12 was
chosen for building RESTful APIs, offering
modern features and support for API
development, including Laravel Sanctum for
authentication. The back-end was developed
using PHP 8 to handle multiple API requests
and process large datasets efficiently. MySQL
was used to manage system data, including user
information, disease classifications, and sensor
data from external APIs. Postman was
employed for API testing to ensure system
responses were accurate. Both internal and
external APIs were integrated to provide real-
time data: the ThingSpeak API for
environmental data, OpenWeatherMap API for
weather data, Google Gemini API for the Al-
powered chatbot, and Flask API for disease
classification and growth prediction. These
integrations  enabled real-time insights,
assisting farmers in making informed decisions
for improved crop management.

As shown in Table 2, the tools and
technologies used in the development of the
back-end system for this research.
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Table 2. Tools and development environment

Component Tools / Framework
Back-End Framework Laravel 12
Programming Language PHP 8
Database MySQL
API Testing Postman
Authentication Laravel Sanctum
Al Chatbot Integration Google Gemini API
Weather API OpenWeatherMap API
Environmental Sensor API ThingSpeak API

Disease Model
Growth Prediction Model

CNN (.h5 with Keras)
SVM (.pkl with XGBoost)

3. RESULTS AND DISCUSSION

The system developed for chili plant
precision  agriculture = monitoring  has
successfully integrated key features that support
efficient data processing, analysis, and
decision-making. The system includes four
main features: weather and environmental
monitoring, disease classification, growth
prediction, and an Al-powered chatbot. One of
the primary indicators of the system's success is
the effective integration of internal and external
APIs. For weather and environmental
monitoring, the system uses ThingSpeak API
(external) to retrieve environmental sensor data
and OpenWeatherMap API (external) to fetch
real-time weather information. These APIs
communicate seamlessly with the backend
system, ensuring that real-time data on
temperature, humidity, pH, nitrogen levels, and
other metrics are consistently delivered to the
dashboard. This allows farmers to make
informed decisions based on the current
environmental conditions, ensuring optimal
growth for their crops.

Another critical feature is the Al-
powered chatbot, which provides real-time
consultation to farmers. This chatbot is powered
by Google Gemini API (external), allowing
farmers to receive immediate, personalized
responses based on current environmental data
and plant health. In addition, the system
integrates Flask API (internal) for disease
classification and growth prediction. The
disease classification model, based on
Convolutional Neural Networks (CNN) with
Keras, classifies plant diseases by analyzing
images, while the growth prediction model,
utilizing Support Vector Machine (SVM) with
XGBoost, predicts plant growth based on
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environmental data. These predictions help
farmers take proactive actions to manage their
crops efficiently. Furthermore, the Echarts
gauges visualize key environmental metrics
such as EC, temperature, humidity, nitrogen,
phosphorus, potassium, and pH, giving farmers
a clear, interactive view of their crops' status.
Finally, the successful performance of
the system was validated through rigorous API
testing using Postman, with all endpoints
responding with a 200 OK status, confirming
the backend system’s reliability. The integration
of disease classification, growth prediction, and
environmental data monitoring has ensured that
the system offers farmers a comprehensive
solution for precision agriculture. The Al-
powered chatbot and interactive Echarts gauges
have further enhanced the system’s usability,
enabling farmers to monitor, assess, and
manage their crops with greater efficiency. The
system’s ability to handle real-time data from
multiple internal and external APIs and
maintain stable performance under testing
conditions proves its effectiveness in providing
real-time, actionable insights to farmers.

3.1.  Entity Relationship Diagram (ERD)

The Entity Relationship Diagram
(ERD) provides a visual representation of the
database structure used in the chili plant
precision agriculture system, as shown in
Figure 3. The users table acts as the central
entity, linking to other tables via the user id
foreign key to ensure data is personalized and
traceable. The chat_sessions and chat_histories
tables manage interactions with the Al chatbot
sessions group conversations by topic or time,
while histories log detailed exchanges between
users and the system. The crop_images table
stores uploaded plant images along with
predicted results, confidence scores, and
descriptions for disease classification and
growth stage analysis. Meanwhile, the
growth predictions table records structured
data such as plant height, diameter, leaf count,
week number, predicted growth grade,
confidence level, and optional notes, enabling
continuous monitoring of chili  plant
development.
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Figure 3. Entity relationship diagram

Based on Figure 3, this relational design
ensures that all data ranging from chatbot
interactions to sensor-based growth predictions
is stored systematically and linked to specific
users. This structure supports efficient data
retrieval, accurate data attribution, and smooth
integration with both internal and external APIs,
including IoT-based data and machine learning
outputs. Overall, the ERD supports critical
system features such as real-time environmental
monitoring,  disease  diagnosis,  growth
forecasting, and intelligent user interaction,
ultimately empowering farmers with timely,
data-driven insights.

3.2.  System Architecture Diagram

The System Architecture Diagram
illustrates the overall structure of the Precision
Agriculture Dashboard, emphasizing how
various components interact to deliver a
seamless experience for the user. The diagram
depicts the flow of data between the User
(Farmer), Web Browser (Client Side), Laravel

SYSTEM ARCHITECTURE DIAGRAM

Precision Agriculture Dashboard for Chili Plants

User (Farmer)

ISP System actorwho uses
& theapp.

Web Server (Back-End), Internal and External
APIs, and MySQL Database. The User interacts
with the system through the Web Browser,
which sends requests for weather data, plant
health, and other queries to the Laravel Web
Server. The server processes these requests and
retrieves data from internal and external APISs,
including the ThingSpeak API, which collects
environmental sensor data via the [oT ESP-32
device, and the OpenWeatherMap API, which
provides real-time weather data. Additionally,
the Flask API powers disease classification and
growth prediction models, while the Google
Gemini API enables real-time, personalized
consultations via the Al-powered chatbot. All
relevant data is stored and managed within the
MySQL Database, ensuring organized, efficient
retrieval and supporting farmers with real-time,
actionable insights for better farming decisions.
This architecture is designed to optimize data
flow, making the system a comprehensive and
effective tool for precision agriculture, as
shown in Figure 4.
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Interface to interact with .
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Internal and External APIs DELETE
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Figure 4. System architecture diagram
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Based on Figure 4, this section discusses
each of the components involved in the
system’s architecture and their relationships:

a. User (Farmer)

The User (Farmer) represents the main
actor in the system, who interacts with the
system via a web browser. The farmer uses the
dashboard to access environmental information,
interact with the Al-powered chatbot, and
review plant health and growth predictions.
This interaction is critical for providing farmers
with the data needed for informed decision-
making, ensuring their actions support crop
health and optimal farming practices.

b. Web Browser (Client Side)

The Web Browser (Client Side) serves as
the interface for farmers to interact with the
system. It communicates with the back-end via
HTTP requests, sending user inputs (e.g.,
weather queries, chatbot messages) to the
server. The browser displays the server’s
responses, such as real-time environmental
data, disease classification results, and growth
predictions, to the user in a readable format,
enhancing usability.

c. Laravel Web Server (Back-End)

The Laravel Web Server is the backbone
of the system’s back-end. It is responsible for
handling all application logic, user
authentication, and API integrations. The server
processes incoming requests from the client
(e.g., weather data, plant health queries) and
fetches real-time data through APIs like
OpenWeatherMap and ThingSpeak. It also
handles CRUD operations with the MySQL
Database, ensuring that user data and
predictions are properly stored and updated.

d. Internal and External APIs

Internal and external APIs play a crucial
role in providing the system with real-time data.
The ThingSpeak API collects environmental
sensor data such as temperature, humidity, pH,
and other key metrics, which is provided by the
IoT ESP-32 device. The IoT ESP-32, an
Internet of Things (IoT) device, collects data
from physical sensors such as temperature and
humidity and sends this information to
ThingSpeak API, which the system then uses
for monitoring environmental conditions in real
time. Additionally, the OpenWeatherMap API
provides up-to-date weather information,
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helping farmers monitor external environmental
conditions. The Google Gemini API powers the
Al-powered chatbot, enabling real-time
communication and personalized feedback for
farmers. Furthermore, the Flask API is utilized
for disease classification and growth prediction,
integrating machine learning models to process
images and environmental data for accurate
results. Together, these internal and external
APIs ensure that the system provides a
comprehensive, real-time solution for precision
agriculture.

e. MySQL Database

The MySQL Database stores all relevant
data within the system, including user
information, sensor data, disease classification,
growth predictions, and chatbot interactions. It
supports relational data management, ensuring
efficient data organization and seamless
integration across system components. This
allows farmers to track and analyze data over
time, including chatbot conversations, helping
to support decision-making with both real-time
and historical insights.

3.3.  API Endpoint Response Testing

In this section, we present the results of
the API endpoint response testing performed
using Postman. This testing aimed to ensure that
all API endpoints in the system are functioning
correctly, providing the expected responses,
and handling requests as intended. The
endpoints tested include both public and
protected APIs, which provide various
functionalities such as logging in, retrieving
environmental data, analyzing crop images,
predicting plant growth, and interacting with the
Al-powered chatbot. The system integrates both
internal APIs, such as the Flask API for disease
classification and growth prediction, and
external APIs, including the Google Gemini
API for the Al-powered chatbot, ThingSpeak
API for environmental data, and
OpenWeatherMap API for weather
information. All tested endpoints returned a 200
OK status, confirming that the system’s back-
end is stable, reliable, and capable of processing
real-time data accurately. The successful API
response testing validates the robustness of the
system and assures that it can be effectively
used in a real-world farming environment. The
following table summarizes the results of this
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testing, detailing each endpoint, its request type,
expected response, and status code.

Table 3. API endpoint response testing

Endpoint URL Request Expected Status

Type Response Code
/api/login POST JSON 200 OK
/api/ GET JSON 200 OK
weather
/api/metrics GET JSON 200 OK
/api/crop-images/ POST JSON 200 OK
analyze
/api/growth/predict POST JSON 200 OK
/api/chatbot/send POST JSON 200 OK
/api/logout POST JSON 200 OK

Table 3 summarizes all the API
endpoints tested during the validation process.
Each endpoint’s status code of 200 OK
indicates that the system is functioning
properly. This includes endpoints for various
critical features such as user login, logout,
retrieving weather and environmental data,
analyzing crop images, predicting plant growth,
and interacting with the Al-powered chatbot.
The successful testing of these endpoints
confirms that the backend system is stable and
responsive, capable of handling real-time data
and providing reliable information to farmers
for  decision-making. The consistent
performance across all APl endpoints ensures
the system’s readiness for deployment in real-
world farming operations. For a more detailed
analysis of each endpoint’s functionality and
response, please refer to the corresponding
section on Response Testing for Each Endpoint.

a. Response Testing Endpoint: /api/login

The /api/login endpoint is responsible
for authenticating the user and providing a
bearer token for subsequent requests to
protected endpoints. Upon a successful login
attempt, the system generates a token that
validates the user session and grants secure
access to the system’s features. The response
confirms that the login was successful,
returning a 200 OK status and the message
"Login Berhasil!”, along with the user data and
the generated token. This token is essential for
making authenticated requests to the system.
Here is the relevant part of the response JSON
received during testing:

{

“message”: “Login Berhasil!”,

“token”:
“1|Mw7418aEGD4g54PokzB4d3I4mLfwoTu36“R99%a
b”c3%1b693",

“user”: {
“id”: 1,
“name”: “Petani Cabai”,
“email”: “petani@cabai.com”

}
}

This response verifies that the login
functionality is working correctly and that the
user can proceed with authenticated requests
using the bearer token for accessing protected
features.

b. Response Testing Endpoint: /api/weather

The /api/weather endpoint retrieves
real-time weather data, which is critical for
monitoring environmental conditions impacting
chili plant growth. Upon successful testing, the
system returns a 200 OK status and provides
weather information such as temperature,
humidity, and wind speed. This data is essential
for farmers to adjust farming practices based on
current weather conditions. The relevant
weather data received during testing are
summarized in Table 4.

Table 4. API endpoint response testing - /api/weather

Field Value
Success true
Weather Description Awan Mendung
Weather Main Clouds
Temperature (°C) 27.13
Feels Like (°C) 28.96
Humidity (%) 66
Wind Speed (m/s) 1.13
Country ID (Indonesia)
Sunrise Time 1745967030 (Epoch)
City Name Kota Bandung

This response shows that the weather
data retrieval functionality works as expected,
providing  real-time information  about
temperature and humidity for the farmers to
take appropriate action.

c. Response Testing Endpoint: /api/metrics

The /api/metrics endpoint provides key
environmental metrics, such as Electrical
Conductivity (EC), temperature, humidity, pH,
nitrogen, phosphorus, and potassium levels.
The successful response, with a status code of
200 OK, confirms that the system is processing
and returning the required environmental data
accurately. Below is the relevant data in table
format, as presented in Table 5, which was
received during testing:
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Table 5. API endpoint response testing - /api/metrics

Sensor EC Temperature Humidity pH  Nitrogen Phosphorus Potassiu

D O (%) (ppm) (ppm) m (ppm)
2573088 686 22.7 26 6.5 38 135 128
2573089 600 23.0 39.6 5.6 135 358 353
2573090 455 23.4 24.6 5.6 30 115 108

This data is important for providing real-
time environmental information to the farmers,
enabling them to monitor conditions like soil
health, moisture, and essential nutrients to make
timely adjustments for better crop care.

d. Response Testing Endpoint: /api/crop
images/analyze

The /api/crop-images/analyze endpoint is
used to analyze uploaded crop images and
predict potential plant diseases. When a crop
image is uploaded, the system uses machine
learning models to classify the disease affecting
the plant. The response from this endpoint
includes a prediction of the disease (in this case,
"Keriting Mozaik") along with a confidence
level that indicates the accuracy of the
prediction. In this case, the model predicts the
disease with a high confidence level of 93.38%.
The system uses this information to alert
farmers to the possible disease affecting their
plants, allowing them to take prompt action to
manage plant health. Here is the relevant part of
the response JSON received during testing:

{
“success”: true,
“prediction”: “Keriting Mozaik”,
“confidence”: 93.37526559829712,
“description”: null

This response indicates that the crop
image was successfully analyzed, and the
disease prediction model has provided a reliable
result that can assist farmers in making
informed decisions about plant health.

e. Response Testing
/api/growth/predict

Endpoint:

The /api/growth/predict endpoint is
used to predict the growth stage of chili plants
based on environmental factors. This endpoint
generates a growth prediction grade, which
helps farmers understand the expected
development of their crops. In this instance, the
system predicts a growth grade of “A.)”
indicating very good plant health. The
confidence level of 99.92% reinforces the

244

reliability of the prediction. Additionally, the
“minggu” (week) field indicates the plant’s
growth stage, which in this case is week 5. The
response also includes a note, which can
provide additional context, such as ‘“Percobaan
prediksi” for testing purposes. Here is the
relevant part of the response JSON:

{
“success”: true,
“grade prediction”: “A”,
“confidence level”:
99.92234490394592,
“minggu”: 5,
“notes”: “Percobaan prediksi”

This response indicates that the system
has successfully predicted the growth of the
chili plants, and farmers can use this
information to make informed decisions about
plant care based on the growth stage.

f. Response Testing
/api/chatbot/send

Endpoint:

The /api/chatbot/send endpoint is used
to send a message to the Al-powered chatbot,
allowing the user (farmer) to receive a response
based on their query. The chatbot is designed to
provide real-time consultation on various
aspects of chili plant farming, such as planting,
care, pest control, fertilization, harvesting, post-
harvest, and marketing. The response from the
chatbot is designed to be informative, with
detailed knowledge of chili farming. Upon
receiving the query, the chatbot responds with
personalized advice. Here is the relevant part of
the response JSON received during testing:

{

"success": true,

"response": "Saya adalah chatbot
untuk pertanian cabai. Silakan ajukan
pertanyaan Anda tentang tanaman cabai.”
"session_id": 1

}
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This response confirms that the chatbot is
providing valuable information on chili plant
farming and is functioning as expected. The
session ID confirms that this particular
conversation was initiated and can be tracked
for further interactions.

g. Response Testing Endpoint: /api/logout

The /api/logout endpoint is responsible
for logging the user out of the system, ensuring
that the user session is terminated securely.
Upon a successful logout request, the system
returns a confirmation message indicating that
the user has successfully logged out and is no
longer authenticated. The response confirms
that the logout process was completed
successfully with a 200 OK status and includes
the message "Logout Berhasil!." This endpoint
ensures that the user’s session is properly
invalidated, preventing unauthorized access to
the system. Here is the relevant part of the
response JSON received during testing:

{

"message": "Logout Berhasil!”

}

This response verifies that the logout
functionality works correctly, confirming that
the user can successfully log out and that the
system  appropriately  handles  session
termination.

Following the successful testing of the
/api/logout endpoint, further performance
testing was conducted for all the API endpoints
using a load test to assess their performance
under typical user interactions. During the
performance test, a total of 10 virtual users
(VUs) were used over a test duration of 5
minutes, with a fixed load profile to simulate
consistent usage. The performance tests
confirmed that all endpoints performed
excellently, with no error rates observed,
demonstrating the system's stability and its
ability to handle simultaneous user requests
effectively.

First, let's discuss the response time
performance. As shown in Figure 5, the
response time trends during the test period
demonstrate that the average response time
remained consistently low, with peaks observed
during the initial user interactions. However, as
the test continued, the response time stabilized,
showcasing the system’s ability to handle

multiple requests efficiently over time. The
90th, 95th, and 99th percentiles also indicated
that the response times remained within
acceptable limits for real-time applications.

=
\\

Figure 5. Response time trends

Next, we examine the throughput
performance. As shown in Figure 6, the
throughput during the test remained steady,
with slight fluctuations in the rate of requests
per second. These fluctuations were due to
varying user interactions, but overall, the
system maintained a high throughput rate,
ensuring that it could handle a significant
number of requests per second without any
degradation in performance. This is a critical
factor in ensuring that the system can scale to
meet the demands of real-world usage.

Figure 6. Throughput trends

These results confirm that the system’s
backend is highly responsive, capable of
efficiently processing multiple concurrent API
requests, and ready for deployment in
production environments.

In addition, preliminary usability testing
of the dashboard’s front-end was conducted by
actual farmers using Maze. Feedback from
these end-users indicates that the dashboard
offers an intuitive, responsive, and interactive
user interface, facilitating effective interaction
with real-time data and Al-powered features.
The dashboard effectively supports farmers in
making data-driven decisions by providing real-
time environmental information and Al-
powered insights, thereby enhancing crop
management and productivity. While the results
are encouraging, further analysis and
refinement are ongoing to continuously
improve the overall user experience.
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CONCLUSION

In conclusion, this research has
successfully developed a precision agriculture
system for chili plant monitoring by integrating
various internal and external APIs into a robust
back-end system. The system enables real-time
data processing and provides crucial
functionalities such as disease classification,
growth prediction, environmental monitoring,
and Al-powered chatbot consultation. The
integration of external APIs like ThingSpeak,
OpenWeatherMap, and Google Gemini,
alongside internal APIs such as Flask, has
enabled the system to offer real-time insights,
aiding farmers in making data-driven decisions
for better crop management. The use of the
Prototyping Method allowed for quick
development and iterative testing, ensuring that
the final system met the needs of the users. The
back-end system's scalability, reliability, and
ability to handle large datasets in real-time were
demonstrated through performance testing. The
system successfully processed multiple API
requests, with the average response time for the
API endpoints stabilizing around 2000 ms after
an initial peak of 4500 ms during the first
interactions. This indicates the system's
efficiency in handling requests even under load,
ensuring timely delivery of critical information
to farmers. Additionally, all API endpoints
consistently returned a 200 OK status during the
tests, confirming the system's stability and
reliability. However, this research has some
limitations. The current system is specifically
tailored for chili plant monitoring and may
require adjustments to scale effectively to other
crops or broader agricultural applications.
Furthermore, while the back-end system is
robust, the front-end wusability and user
experience aspects need further exploration to
enhance accessibility and ease of use for
farmers with varying levels of technical skills.

For future work, efforts will focus on
improving the prediction models by expanding
the range of diseases detected and incorporating
additional environmental factors to refine
growth predictions and accuracy. Moreover, the
development of a mobile application will be
prioritized to increase accessibility for farmers
in the field. The integration of real-time alert
systems to notify users of critical conditions or
disease outbreaks is also planned, aiming to
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provide timely interventions and improve crop
management outcomes.
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