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1. INTRODUCTION

In the current industrial generation (industry 4.0) the growth of technology is very rapid, with the growth
of technology, systems are combined with various aspects that want to help human work become easier [1]-
[10]. With the development of Internet of things technology, it changes the public street lighting system that
has been applied so far [11]-[15]. The Internet of things is a concept where an item or object embeds
technologies such as sensors and applications with the aim of talking, managing, connecting, and exchanging
information through other features as long as it is still connected to the internet, The always active feature is
an illustration of how IoT is used in everyday life [16]-[26].

In order to improve traffic safety and security, streetlights or often referred to as Public Street Lighting
so that drivers can see it more clearly. The main purpose of Public Street Lighting is to provide artificial lighting
for vehicle drivers so that they can travel comfortably and safely at night. Basically, the public street lighting
system still operates manually, which is still done using manual control in the panel, where each lamp can only
be controlled and controlled in the installed panel, but the installation of public street lighting manually is less
suitable for repair and maintenance of lights. By using public street lighting manually, it will cause loss of time
and is inefficient [27]-[32]. When at night the lights are often on continuously, used to light the road at night
before the specified timer time, it causes a waste of electrical energy. With these problems to find out the
condition of the lights from the Public Street Lighting (PJU) is working well or not and to find out whether the
lights are on or off and to reduce the waste of electrical energy at night on public street lighting (PJU) can use
the monitoring application from our smartphone, namely Node-red. The Node-red application is an application
that aims to control Arduino, Raspberry Pi, ESP8266, ESP32 modules and similar modules internally, the
reason for using Node-red is that the application is easy to use, very flexible, has an easy-to-understand concept,
and can create monitoring programs directly without having to go through the training process.
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2. METHOD

Public Street Lighting Monitoring is a system of tools consisting of components that are combined which
consist of hardware and data loggers to process components that have been assembled so that they can be used.
The supporting components of the hardware are applied in a PCB hole for assembly purposes so that the
components can be applied as a tool that can later be used easily. Not only the hardware is needed, there is also
a data logger as a component communication tool that later the components can run with the presence of a data
logger that has been set and the data has also been entered into a component called ESP32

2.1. NodeMCU ESP 32

NodeMCU ESP32 ESP 32 is a microcontroller introduced by Espressif System, the successor to the
ESP8266 microcontroller. This microcontroller has WiFi material on the chip, making it very supportive for
creating an Internet of Things application system. As seen in Fig. 1 is the pinout of the ESP32. This pin can be
used as input or output to turn on the LCD, lights, and even to drive a DC motor [33]-[36].
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Figure 1 NodeMCU ESP32

NodeMCUESP 32 Useful features such as TCP/IP, HTTP, and FTP. This module is also equipped with
analog signal processing features, support for sensors, and support for digital input/output (I/O) features. ESP32
also has a module for Bluetooth connectivity. Can be used to manage features connected to Bluetooth. ESP32
is very suitable for use in IoT (Internet of Things) projects. This module is able to connect features to the
Internet network easily. ESP32 can be used in projects that require analog signal processing and digital I/O
features. This module is easy to use and is available in the form of a separate module or an integrated circuit
board (PCB) that is ready to use. ESP32 is a WiFi module developed by Espressif Systems which has complete
features and good performance. This material is a development of the ESP8266 WiFi material.

There are 2 CPUs, each of which has a speed level of 80 MHz and 160 MHz. Not only that, the ESP32
also has many bonus features such as ADC, DAC, 12C, 125, SPI, and UART for various applications. One of
the most prominent features of the ESP32 is a module that is easy to connect to the internet. This module can
be connected to a WiFi network using the TCP/IP protocol that allows. ESP32 talks to other features. Not only
that, the ESP32 also has a Bluetooth feature to connect other features. The ESP32 is very suitable for use in
Internet of Things (IoT) projects. This module can be used for other applications such as system control,
monitoring, and others. There is 520 KB of memory to store the programs and information needed. Easy to use
and there is a library that can be used to make it easier to develop applications. This module can be programmed
with the C or C ++ programming language.

Overall, ESP32 is a complete and quality WiFi module for various IoT projects. With complete features
and affordable prices, ESP32 is the right choice for wireless communication needs. If you are looking for a
professional and easy-to-use WiFi module. ESP32 has many advantages such as extraordinary multitasking
skills, low energy consumption, and affordable prices. Thus, ESP32 is the right choice for those who want to
create IoT projects at affordable prices.

2.2. Passive Infrared Receiver (PIR) sensors

PIR (Passive Infrared Receiver) sensor is a sensor that is commonly used to detect the presence of humans.
This application is commonly used for alarm systems in homes or offices. PIR sensor is a sensor that captures
infrared signal emissions emitted by the human body or animals. PIR sensor can respond to changes in infrared
signal emissions emitted by the human body [37]. Room conditions with changes in temperature in humans in
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a room become early values (set points) that are used as references in the control system. Changes in
temperature in humans in the room are detected by the PIR Sensor. It is called PIR (Passive Infrared Receiver)
because this sensor only identifies areas without any energy that must be emitted. PIR is a mixture of a
pyroelectric crystal, a filter, and a Fresnel lens. This sensor is very sensitive to changes in temperature in
humans.

2.3. Node-RED
Node-RED is a flow-based development platform for visually connecting hardware, APIs, and online
services. Node-RED uses a web-based interface that makes it easy for users to create flows by connecting
blocks or "nodes" using a drag-and-drop method. The platform is popular for Internet of Things (IoT)
applications, home automation, and web service integration [38]-[40].
Key Features of Node-RED are
e Visual Development that offers graphical interface-based development, allowing users to create data
flows without having to write complex code.
e  Support for IoT: Node-RED is designed with a primary focus on IoT. You can connect [oT devices such
as sensors, actuators, and other systems easily.
e  Modularity with Nodes: Each function in the Node-RED workflow is represented by a node. These nodes
cover many things, such as reading data from sensors, sending emails, processing data, etc.
e Open Source: Node-RED is an open-source project, so the developer community can contribute and
extend its functionality by adding additional nodes.
e Integration with Other Platforms: Node-RED can be integrated with various platforms such as AWS,
Azure, MQTT, HTTP, WebSocket, and many other API services.
e Runs on Various Devices: Node-RED can run on servers, desktop computers, or devices such as
Raspberry Pi, making it very flexible to use in various environments.

Uses of Node-RED:
e Home Automation: Create a system to control smart home devices.
e JoT Integration: Connect [oT sensors and collect data from multiple sources.
e Real-Time Data Processing: Fetch data from external sources, such as APIs or databases, and process it
directly.
e System Automation: Automate workflows on servers and in the cloud.

Application Examples:
e Energy Monitoring: Node-RED can be used to monitor the energy consumption of a home or building
using sensors and provide reports or notifications.
e Office Automation: Create workflows to sync cloud services, such as Google Sheets, Dropbox, or email
services.
e JoT Control: Connect and control IoT devices, such as smart lights, locks, or HVAC systems through
visually structured logic flows.

Node-RED Advantages:
e Ease of Use: Users can easily create logic flows without requiring in-depth programming skills.
o Wide Compatibility: Node-RED supports a wide range of devices, protocols, and services.
e Extensibility: Many additional modules and nodes created by the community are available to integrate
into projects.

2.3. Message Queuing Telemetry Transport (MQQT)

MQTT (Message Queuing Telemetry Transport) is a very lightweight and efficient communication
protocol used to send and receive messages between devices, especially in Internet of Things (IoT)
applications. MQTT is designed for low-power, low-bandwidth communication, making it an ideal choice for
resource-constrained [oT devices. The protocol uses very little data overhead, making it suitable for devices
with limited power, bandwidth, and computing capacity. MQTT uses a publish-subscribe communication
model, where devices do not communicate directly with each other. Instead, they communicate through a
broker that acts as an intermediary. MQTT allows devices to maintain persistent sessions, so that when a device
disconnects from the network and then reconnects, important messages sent during the disconnection period
can be delivered. MQTT allows devices to declare messages that will be sent by the broker if the device
unexpectedly disconnects or fails. MQTT is a very effective communication protocol, especially in the IoT
world where small devices, slow networks, and low power are very common. The flexibility of the publish-
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subscribe architecture, efficient bandwidth usage, and support for unstable networks make it one of the most
widely used protocols in the [oT ecosystem.

2.4. Proposed Methods

The design is used to find out and understand about operating a prototype of public street lighting (PJU)
by providing a PIR motion sensor based on Node Red that is integrated with a smartphone as a controller for
the device. The design of public street lighting (PJU) uses a program on the Node-Red software that will be
applied to the Node MCU Esp32. Programming on Node-Red on Arduino can automatically be controlled
directly via a smartphone, because the Node MCU Esp8266 has a wifi module installed, so control can be done
anywhere as long as there is an internet connection, and can also be connected to a smartphone. Public street
lighting uses a passive infrared receiver (PIR) sensor which is the author's final project model that requires a
control circuit and Node-red as a command to drive this tool via wifi communication, from this various
experiments to determine the sensor response with reference to the sensitivity distance of the PIR (Passive
Infrared Reciver) sensor to the movement and the resulting comparison current When given a load on public
street lighting based on Nod-Red with an ampere clamp on the PZEM-004T sensor. Figure 2 is Flowchart for

Making Tools

Monitoring Design on Public Street Lighting
Equipment Using Passive Infrared Receiver (PIR)
Sensors Based on Node-Red
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Figure 2 Flowchart for Making Tools

The design of the wiring of the components is made so that the results between the design and manufacture of
the Monitoring tool on the Public Street Lighting Equipment (PJU) Using the Node-Red Based Passive Infrared
Receiver (PIR) Sensor are appropriate. It can be seen in Figure 3. Figure 4 is the photo of prototype
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Figure 3 Design of monitoring wiring on public road lighting equipment using Node-Red based Passive
Infrared Receiver Sensor.

Figure 4. Photo of the prototype

Public street lighting uses a passive infrared receiver (PIR) sensor which is the author's final project model that
requires a control circuit and Node-red as a command to drive this tool via wifi communication, from this,
various experiments to determine the sensor response with reference to the sensitivity distance of the PIR
sensor (Passive Infrared Receiver) to the movement and comparison current that is produced when given a load
on the Node-Red-based public street lighting (PJU) with a multimeter on the PZEM-004T sensor. This
measurement and testing are carried out to determine each part of the Passive Infrared Receiver (PIR) sensor
input, the PZEM-004T sensor, and the relay work according to their function. The test results will be entered
into a table, after the test result data has been entered into the table, the next step is to find the current accuracy
presentation. The results that have been obtained will be summarized in the current value presentation which
can be seen in equation 1
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__ Total of Current sensor—Total of Current Manual

Na = (1

Manual Current

3.  RESULTS AND DISCUSSION

The sensitivity test on this sensor aims to determine the sensitivity of the sensor in detecting objects both
at the closest and furthest distances to objects on public street lighting poles (PJU), where this sensor requires
an input voltage of 5Vdc. This sensor will be placed on the part of the pole facing straight towards the object
to detect objects passing through the sensor, the object to be detected in the test is a human using a hand as a
substitute for a human object, where 10 trials were carried out at a distance of 1 to 10 meters and the following
are the results of the PIR sensor sensitivity test on objects.

Table 1. Result of SensitivityTest

No Distance (M) PIR Sensor Position Condition
Front Crooked Dark
1 0.5 v v Detected
2 1 v v Detected
3 1.5 v v Detected
4 2 v v Detected
5 2.5 v v Detected
6 3 v v Detected
7 3.5 v v Detected
8 4 v v Detected
9 4.5 v v Detected
10 5 v v Detected
11 5.5 v v Detected
12 6 v v Detected
13 6.5 v - Detected
14 7 v - Detected
15 7.5 v - Detected
16 8 v - Detected
17 8.5 - - -

Based on the test results, it was found that the PIR sensor works when the human object is at a distance of 1
to 8 meters and can detect objects in bright conditions. PIR sensor testing is carried out to determine the
maximum distance that can be reached when given a voltage of 5Vdec.

Table 2. Result of SensitivityTest

No Distance (M) PIR Sensor Position Condition
Front Crooked Dark

1 0.5 v v Detected
2 1 v v Detected
3 1.5 v v Detected
4 2 v v Detected
5 2.5 v v Detected
6 3 v v Detected
7 3.5 v v Detected
8 4 v v Detected
9 4.5 v v Detected
10 5 v v Detected
11 5.5 v v Detected
12 6 v v Detected
13 6.5 v - Detected
14 7 v - Detected
15 7.5 v - Detected
16 8 v - Detected
17 8.5 - - -
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Sensor reading testing is the most important test compared to other parameter tests in the process of making
this prototype. This test involves reading the current variable. Where when there is a current that is read, the
condition of the lamp is in good condition. This test is carried out with 6 different load conditions so that the
measured data is more varied, which will then be compared directly with conventional measuring instruments,
namely with Tang Ampere.

Table 3. Sensor Reading Testing

No Load Current In Measuring Current On Prototype
Instruments (A) (A)

1 1 Lamp 3W 0.02 0.02
2 1 Lamp 4W 0.02 0.03
3 1 Lamp 5W 0.04 0.05
4 1 Lamp 7W 0.02 0.03
5 1 Lamp 9W 0.05 0.06
6 1 Lamp 15W 0.06 0.07

Total 0.021 0.026

From Table 3, it shows the results of current sensor testing with varying load conditions. From the description
of the table above, it is known that the current accuracy presentation value is 0.24%. the greater the load given
to the tool, the greater the current value read on the sensor and the current value tested manually. In Figure 5,
there is a Node-red dashboard display that is ready to be used for monitoring on Public Street Lighting devices
using Node-red-based Passive Infrared Receiver (PIR) sensors.
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Figure 5. Monitoring on Node-red

4. CONCLUSION

Based on Test Results At a distance of 9 meters, the PIR sensor cannot detect Infrared signals because
the PIR sensor has a maximum distance in detecting movement on an object of only 8 meters according to the
tests that have been carried out. In designing a Monitoring system for Node-red-based street lighting (PJU), a
PZEMOO0A4T sensor is needed which is used to monitor the results of current measurements and current can also
be information when there is no load on the current, the lamp is off or damaged, which means the lamp must
be replaced immediately, which is controlled via a smartphone using portable WiFi as an internet signal
supplier connected to ESP 32 which is an open source loT platform.
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