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ABSTRACT

The Indonesian Agency for Meteorology Climatology and Geophysics (BMKG) has installed a weather parameter
measurement network using a sensor network called the Automatic Weather Station (AWS). The equipment records

weather parameters such as air temperature, relative humidity, atmospheric pressure, solar radiation intensity,

rainfall, wind speed, and wind direction. At the BMKG regional unit, automatic weather observation systems are
not yet fully utilized due to limited network infrastructure and inadequate supporting software. Moreover, local
stations lack real-time monitoring tools for equipment conditions, as existing national systems remain general and
insufficiently detailed. the AWS measurement display is needed for forecasters to validate extreme weather and
climate events. In addition, real-time data is used by technicians as a tool performance check and data quality

control. Therefore, the study aims to design an interactive display on AWS to support technicians in monitoring
equipment conditions and assist forecasters in reporting extreme weather and climate events as a service to the

community. The data visualization display system is designed using the Node-Red and Grafana programming tools
connected to the MySQL database management system. The results show that Node-Red can display weather data
with one-minute intervals for seven AWS locations in the Special Region of Yogyakarta in the form of graphs and
gauges. Meanwhile, Grafana can display weather parameters in the form of gauges and graphs at one point of
the Yogyakarta Special Region Climatology Station.

Keywords: Automatic Weather Station, Dashboard, MySQL, Node-Red, Grafana.

1. INTRODUCTION

The Meteorology, Climatology, and Geophysics Agency (BMKG) plays a vital role in
observing and monitoring weather and climate conditions across Indonesia (Fatoni et al., 2024).
These services include the distribution of public and special information to the government and
the community, in order to support safety and environmental sustainability (Marby et al., 2025).
BMKG receives weather information from monitoring stations located across the country and
gathers data using sensors, records it using data loggers, and sends this information via GSM
(Global System for Mobile Communications) networks to the server (Widayanti &
Fajarrohman, 2024).

Sensor networks are pivotal in environmental data collection, enabling BMKG to analyze
weather patterns and predict natural disasters. Integrating internet of things (IoT) technology
enhances these systems' efficiency and accuracy, making them essential for decision-making
in sectors affected by climate change. loT-based sensor networks facilitate real-time data
collection and analysis for monitoring weather parameters (Ashfaq & Nur, 2024) (Ogunbunmi
et al., 2024). Automatic Weather Stations (AWS) are automated systems that monitor various
meteorological parameters, such as atmospheric pressure, rainfall, relative humidity,
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temperature, wind speed, and wind direction. BMKG currently operates 368 AWS units across
Indonesia, both within and outside station units (Santoso et al., 2023).

Previous research has designed a climate data monitoring system with the results being
able to send weather sensor data every five minutes and is only limited to one site in
Sumberbrantas village (Muslim et al., 2021). Another study published in Nigeria, the design of
a weather monitoring system was carried out with a simpler number of weather parameter
sensors and successfully sent data every 10 minutes (Adenekan et al., 2021). However, due to
the complexity of information systems, including climate and weather monitoring, it is now
more difficult to fully convey information to others because it is necessary to achieve
consistency and maintain the order of this information (Mahdi et al., 2024). According this
case, integrating Node-Red as a visualization platform can enhance the efficacy of monitoring
and user-friendliness of data access. Even in a variety of environmental circumstances, the
system consistently provides accurate and efficient temperature information. Additionally, this
system's lightweight data administration, remote monitoring capabilities, and ease of
integration make it a useful tool for supporting environmental condition control (Utomo &
Izzaturrahmani, 2025). Moreover, Grafana is used as the front-end of the visualization
application system because of its great processing flexibility (Anam et al., 2023). This helps
reduce reliance on the national BMKG system, which contains too much data for local use.

At the Yogyakarta climatology station, automatic weather and climate observation systems
have not been fully implemented by observers. The lack of adequate network infrastructure and
supporting software is a factor hindering automated and digital observations. In addition, there
i1s no real-time equipment condition monitoring system available within the scope of local
observation stations outside the national system, which is still general and less informative.
Currently, the monitoring system only shows data from the AWS at the Yogyakarta
Climatology Office. By using Node-Red, data from 7 AWS sites across Yogyakarta Province
can be collected.

This paper discusses the design and implementation of a weather monitoring system using
an MQTT broker connected to Node-Red to collect data from several AWS sites. It also uses
Grafana to display AWS data at the Yogyakarta Climatology Station in a more detailed and
interactive way, with real-time updates every minute shown in numbers and graphs. This
system aims to help technicians monitor equipment conditions and support observers and
forecasters in validating extreme weather events.

2. METHODS

This section displays the main menu when the program is run on the Node-Red application,
which will display the data visualization dashboard design process using nodes that are
interconnected using the Javascript language. some main stages contain; publish and subscribe
data, parse data, connect to MySQL, and connect to Grafana. Figure 1 shows block diagram of
AWS data monitoring system.
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Figure 1. Block Diagram of AWS Data Monitoring System

The figure shows the data flow architecture of an automatic weather monitoring system of
AWS. Weather data collected by the sensor is published to the MQTT Broker, a lightweight
communication protocol commonly used in IoT systems. Furthermore, Node-Red acts as
middleware that subscribes to data from the MQTT Broker, processes it, and then stores it in a
MySQL database running on the localhost. The stored data can be visualized in real-time
through Grafana, a visualization platform that allows users to monitor weather data
interactively and informatively. Grafana obtains its data from the MySQL database, which
contains information collected through client subscriptions to MQTT topics handled by the
Node-Red application (Aditama et al., 2023).

One of Node-Red’s key strengths lies in its visual programming approach, which lets users
design and understand the flow of data through connected nodes, each with a clearly defined
function (Omidi et al., 2023). Companies may visualize data taken from real-time object data,
including sensor data, and turn it into information to help with decision-making with the help
of Node-Red and Grafana which can improve the use of operational resources (Anam et al.,
2023). The software used to design this system includes Node-RED v4.0.5, Node.js v22.11.0,
and Grafana v11.5.1. AWS data is handled by seven sites spread across districts. Recorded
sensor data is stored in a data logger with settings for an average of 10 minutes to the server.
Table 1 shows AWS locations installed in Yogyakarta.

Table 1. The List of AWS Locations Installed in Yogyakarta Province

Station Name ID Station Location
AWS Staklim Mlati 160021 Mlati
AWS Stageof Yogya 10003 Gamping
AWS Kulon Progo STA2061 Wates
AWS SMPK Kulon Progo STA4014 Nanggulan
AWS Pakem STA2095 Pakem
AWS Prambanan STA2139 Prambanan
AWS UGM 160016 Depok

The data is transmitted to the server via FTP (File Transfer Protocol), and is also accessible

through an MQTT (Message Queuing Telemetry Transport) broker, with an average interval of
one minute between data transmissions. Real-time AWS data is important for technicians to
check for sensor errors and monitor battery conditions. For weather observers, AWS displays
help provide up-to-date weather information and confirm extreme weather events quickly.
Next, there is Figure 2 to display flowchart of AWS Data Monitoring System.

PT EBIZ PRIMA NUSA

1526

@

ebiz
prima
nusa



B 100
L)

/~ | BN
) INTERNATIONAL CONFERENCE ON DIGITAL, SOCIAL, AND SCIENCE
on Dol Sociall A i VOL. 02 (2025)

ISSN 3063-3303

/‘(—\‘\\ Read weather sensor|
h 4 /_L\
Synchronize time to ey
server (UTC) Save data
to data logger
h 4

Initialize weather
Sensors Send data

to MQTT Broker

Interval = 1 minute

Figure 2. Flowchart of AWS Data Monitoring System

This flowchart illustrates the workflow of the AWS data monitoring system in the Special
Region of Yogyakarta which functions to read, record, and send data from sensors to the server
automatically and periodically. The process begins with system initialization through the Start
step, followed by local time synchronization to the server so that data recording is accurate and
consistent, especially using the UTC time reference. After that, the system initializes all sensors
to be ready to read environmental data such as temperature, relative humidity, pressure, wind
direction, wind speed, solar radiation, and rainfall. The data obtained from the sensors is then
read and stored in the data logger as local storage. Furthermore, the data that has been stored is
sent to the central server using the MQTT Broker communication protocol which is widely
used in [oT systems. After the data sending process, the system will check whether the time
interval has reached 1 minute. If so, the system will repeat the process of reading and sending
sensor data. However, if not, the system will wait until the 1-minute time is met before repeating
the process. This process continues continuously periodically, unless an emergency stop
condition occurs, which is marked with the End block. Overall, this flowchart represents an
automated monitoring system that runs in real-time, ensuring that environmental data is
recorded and transmitted consistently every minute. To secure access in Node-RED, the
settings.js file within the C directory is configured to enable adminAuth. In this file, a username

and password are defined to control access to both the node flow editor and the user interface
dashboard.

3. RESULTS AND DISCUSSIONS
3.1. NODE-RED DASHBOARD

The first stage in designing an AWS weather data monitoring system is to create a publish
and subscribe data menu. Using inject node on Node-Red which is simulated as Data Logger
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connected to MQTT out node as broker. In this process, it is called publish data from sensor
data logger to MQTT server. The server targeted in this system is BMKG’s central server for
weather sensor data and credential access for users of the server data. Figure 3 depicts nodes to
create subscriber function.

@
SUBSCRIBE AWS

[ AWS Pakem O‘—‘ msg.payload EQ

b

Figure 3. Subscribing Weather Data

The process of transmitting weather observation data to a database server via the MQTT
protocol involves initializing a device topic that encodes the site’s identity. This identity
includes the device type, data logger type, province name, and device serial number, enabling
unique identification of each observation station across the monitoring network. To verify that
data has been successfully published through the MQTT broker, the system can be connected
to a debug node, which allows real-time inspection of the data being transmitted at one-minute
intervals. Each transmitted data packet contains detailed information, including the date and
time of observation, site identification number, data logger temperature, battery voltage, and
key meteorological parameters. These parameters consist of air temperature, relative humidity,
air pressure, rainfall, solar radiation, wind speed, and wind direction. This structured approach
ensures data traceability and supports reliable communication between devices in real-time
weather monitoring systems.

The subsequent stage in the design of an AWS data monitoring system involves the
development of a parsing mechanism to extract and visualize weather data on a dashboard
interface. This process begins by configuring a JSON node to convert incoming data from a
string format into a structured object. Following this, function nodes are implemented, each
configured with multiple outputs to correspond to the various parameters provided by the AWS.
A custom script, developed using JavaScript within the Node-RED environment, is then
employed to specify which output parameters are to be displayed on the dashboard. These may
include key weather variables such as air temperature, relative humidity, and rainfall recorded
at the AWS site. To ensure the accuracy of the data parsing process, a debug node is utilized,
allowing the developer to verify that each output is correctly interpreted and mapped. This
process facilitates a clear and organized presentation of real-time weather data, as illustrated in
Figure 4, which shows the parsed output of various weather parameters.
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Figure 4. Parsing Data of Weather Parameters

The parsed data is then visualized using the dashboard palette feature in Node-RED, which
enables the display of information as graphs, numerical values, text, and gauges based on user
requirements. Each site display includes the site name, date and time in text format, a gauge for
rainfall, and a graph for battery voltage. Figure 5 presents the complete set of nodes used in the

AWS monitoring system.
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In developing an AWS data monitoring system on Node-Red, this research connects nodes,
each with its own function. Starting with subscribed data, the node uses the data parse function
to read weather sensor and device battery data. The data parse function allows data to be
displayed using nodes for graphical, gauge, or text displays to provide detailed information on
the display. Figure 6 displays user interface of rainfall data from rain gauge sensors in AWS

network in Yogyakarta.
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Figure 6. Display Data of Rain gauge sensors in AWS network in Yogyakarta

The design results show that rainfall data can be displayed in the Node-Red user interface,
using a gauge feature that has a measurement range of 0 to 200 millimeters for rainfall units.
Furthermore, a graph feature is added to facilitate viewing rainfall based on the time of
occurrence. Detailed date and time information is also displayed in the user interface. Figure 7
shows user interface of temperature and humidity sensors from AWS network in Yogyakarta.
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Figure 7. Display Data of Temperature and Humidity Sensors from AWS network in
Yogyakarta

The resulting nodes in the user interface display graphs and gauges for air temperature in
degree of celsius and relative humidity in percentage measurements. Additionally, there is
additional information in the form of maximum and minimum temperatures. Figure 8 give

information about display data of wind speed and direction sensors from AWS network in
Yogyakarta.
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Figure 8. Display Data of Wind Speed and Direction Sensors from AWS network in

Yogyakarta

The wind speed and wind direction measurements with meter per second unit were
obtained from an anemometer sensor mounted at a height of 10 meters on the AWS equipment.
The parameters obtained from the sensor were wind speed, maximum wind speed, and wind
direction, which were successfully displayed in the Node-Red user interface. Figure 9 provides
the result in user interface of air pressure sensors from AWS network in Yogyakarta.
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Figure 9. Display Data of Air Pressure of AWS network in Yogyakarta

The results of air pressure measurements from the barometer sensor can be displayed in

the Node-Red monitoring system in the form of graphs and gauges. Figure 10 displays data of
solar radiation sensors from AWS network in Yogyakarta.
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Figure 10. Display Data of Solar Radiation of AWS network in Yogyakarta
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In measuring solar radiation, the unit used is W/m?. The parameters that can be displayed
on the user interface are the solar radiation value and the maximum solar radiation value in the
form of graphs and gauges. Figure 11 depicts user interface of battery and logger temperature
data sensors from AWS network in Yogyakarta.
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Figure 11. Display Data of Battery and Logger Temperature of AWS network in Yogyakarta

In addition to the weather parameters displayed, the 12-volt battery for the AWS
instrument power supply is displayed in voltage units, and the temperature in Celsius units is
displayed on the data logger component. This helps monitor the performance and condition of
AWS instrumentation remotely.

3.2. CONNECTING MYSQL DATABASE

The XAMPP application is utilized to operate the database management system, serving
as a data server through its integrated Apache and MySQL modules. These components are
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essential for designing and managing the AWS database system, which is structured to store
sensor data collected from multiple AWS sites. Within the database, individual tables are
created for each site, containing columns for timestamp, site name, and various weather
parameters.

Before establishing a connection between Node-RED and MySQL, it is necessary to install
the node-red-node-mysql palette. In the Node-RED flow, each AWS site’s subscriber is linked
to an inject node, which is connected to a JSON node, followed by a function node. Figure 12
provides nodes of MySQL connection from Node-Red.

| SUBSCRIBE AWS QI p (0] e
STORE TO MySQL DEBUG

8 ’ L]
@ connected ] \ ®oK

Figure 12. Nodes of MySQL connection from Node-Red

The function node contains a script written in JavaScript, which generates a command to
insert data into the corresponding AWS table in the MySQL database. This script ensures that
data is mapped accurately to the respective columns based on the weather parameters.
Subsequently, the function node is connected to a MySQL node, where the database address,
host name, and port number must be properly configured. Once deployed, the connection status
can be verified. Figure 13 illustrates MySQL database for each site of AWS connection to

Node-RED.
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Figure 13. Database of AWS network in Yogyakarta

The MySQL database portal can be accessed through phpMyAdmin to view the databases
created and the data successfully entered into the MySQL server. In this experiment, an AWS
database named aws db was created, containing seven tables, aws kulonprogo, aws mlati,
aws_pakem, aws_prambanan, aws_smpk kulonprogo, aws stageof yogya, and aws ugm.
Each site will contain recorded weather parameters and battery conditions. Table 2 displays the
sample of structure and contents of the AWS database in MySQL.
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Table 2. Sensor Data in MySQL Database of AWS network in Yogyakarta

date time site I'El ws wd | temp | rh press St batt
18/02/2025 | 07:17 AWS Pakem | 0 l.E(;)l 104 25;.2 66.2 96%32 léél. 1;.6
07:18 | AWS Pakem | 0 | 3.51 | 123. | 28.2 | 66.6 | 960.25 | 143. | 11.6
18/02/2025 5 5 9 2 9 ) 2
07:19 | AWS Pakem | 0 | 3.89 | 111. | 28.2 | 67.6 | 960.08 | 152. | 11.6
18/02/2025 1 9 7 5 4 6 2
18/02/2025 07:20 | AWS Pakem | 0 | 2.63 | 190. | 28.1 | 68.7 | 960.23 | 163. | 11.6
8 9 9 2 6 8
18/02/2025 07:21 | AWS Pakem | 0 | 1.80 | 165. | 28.2 | 68.8 | 960.22 | 181. | 11.6
7 5 1 2 3 8
07:22 | AWS Pakem | 0 | 1.44 | 226. | 28.2 | 685 | 960.21 | 221. | 11.6
18/02/2025 2 1 5 7 ) 6 9
07:23 | AWS Pakem | 0 | 1.19 | 169. | 283 | 69.0 | 960.22 | 239. | 11.6
18/02/2025 0 3 7 6 7 ) 9

From the results of this MQTT-based database delivery, it can answer previous research
from Muslim et al. (2021) that the interval can be increased closer from a 5-minute interval to
denser data for a 1-minute data interval and for one weather measurement site to more sites to
a network of seven weather observation locations.

3.3. CONNECTING GRAFANA

To connect Grafana with AWS data, the process begins by running the Node-RED
application and activating the Apache and MySQL services via XAMPP. Grafana is then
accessed through a web browser at localhost on port 3000. A new data source is added by
selecting MySQL, entering the local host address and the corresponding database name. Once
the connection is verified, the configuration is saved and tested. Figure 14 shows the data source
setup in Grafana for MySQL-AWS integration.
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In this system design, the visualization is implemented to display AWS weather data
originating from the Yogyakarta Climatology Station. A new dashboard interface is developed,
with individual panels created for each weather parameter to be presented, ensuring that the
data is organized and easily interpretable for monitoring and analysis purposes. Figures 15
illustrate the AWS monitoring dashboard at the Yogyakarta Climatology Office.

s 3020 309 3o.z~cfj 316 64.5%
J i .

Figure 15. Monitoring of Weather Parameters in Yogyakarta Climatology Office using
Grafana

On the Grafana dashboard, weather parameters can be displayed using a variety of text
panels, numbers, gauges, and graphs. Different panel colours are used for each weather
parameter to facilitate easy differentiation. Figure 16 provides dashboard monitoring of
instrumentation in Yogyakarta Climatology Office using Grafana.

129y 3.7v 35.9:c

Figure 16. Monitoring of Instrumentation in Yogyakarta Climatology Office using Grafana

In another panel group, there is an AWS instrument monitoring dashboard that has
parameters for the power supply battery, the battery on the data logger component, and the
temperature of the data logger component in graphs and numbers. This also represents an
improvement over previous research by Adenekan et al. (2021), which created a weather
display for temperature, humidity, wind speed, and rainfall parameters. This study also
displays more diverse data, including wind direction, air pressure, and solar radiation.
Furthermore, the system in this study was designed to monitor equipment performance
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through parameters such as the power supply battery, component batteries, and data logger
component temperature.

4. CONCLUSION

In the design and implementation of the weather monitoring system on AWS in the Special
Region of Yogyakarta using Node-red and Grafana has been successfully used to build a real-
time AWS data visualization system. This research also builds on previous studies related to
weather monitoring systems from Adenekan et al. (2021) and Muslim et al. (2021) by
increasing the number of weather observation points. This research also improves data storage
performance for tighter intervals, at 1 minute. Furthermore, the system also improves the
diversity of weather parameters and adds monitoring for device performance, including the
power supply battery, component batteries, and data logger component temperature.

The advantages of the system using the tools used can present an interactive, flexible
display and support fast monitoring. The system has an impact and contribution to the
operational activities of technicians, observers, and forecasters in the BMKG work area,
especially the Yogyakarta Climatology Station. Suggestions for future research development
are integration with an early warning system. Furthermore, the system can be added with
automatic notifications for data anomalies, and then this concept can be replicated to other
regions in Indonesia.
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