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ABSTRACT

Maintaining a remote villa in a blank spot area presents challenges in ensuring optimal environmental
conditions without the direct presence of the owner. This study aims to develop an Internet of Things
(IoT)-based Wireless Sensor Network (WSN) system using the XBee S2C module with the Zigbee
remote monitoring and control protocol. This system utilizes temperature, humidity, lighting, and water
level sensors connected to electronic device controls such as lights, fans, and water pumps. Sensor Nodes
are placed in the villa to collect data, while Coordinator Nodes are located in areas with internet access
to upload data to the Thingspeak platform. Data is visualized through an interactive web interface that
allows for remote control up to 1.03 km. The test results show a data transmission success rate of 100%
with an average control response time of 6.5 and 9 seconds. This system offers the best solution for
managing a villa in a blank spot area, making it easy for owners to monitor and control electronic
equipment in real-time. This research contributes to developing WSN and IoT technologies, especially
for applications in remote areas with website platform.

Keywords: Wireless Sensor Networks (WSN), Internet of Things (IoT), Isolated Vila,
Website Platform, Thingspeak.

INTRODUCTION

Remote villa maintenance in blank spot areas often presents various challenges (Andreadis et al., 2023).
Due to difficult terrain and inaccessible distances, routine monitoring becomes a significant inconvenience.
Many tasks require consistent attention and time, such as controlling indoor humidity to prolong the lifespan
of furniture and equipment, ensuring water availability, and managing lighting by turning lights on during
low lighting conditions or evening and off at dawn. This creates difficulties for villa owners who want to
maintain their villas in a livable and well-maintained state. On the other hand, villa owners are often
preoccupied with affairs outside the area, leaving them unable to provide immediate attention. To address
these issues, the Xbee Pro S2C module (Hapsari et al., 2020) and a Wireless Sensor Network (WSN) system
have been developed to meet the villa owners' needs for periodic monitoring. This system enables real-time
environmental monitoring through energy-efficient wireless communication, easy installation, and
scalability, making it ideal for areas inaccessible by wired networks (Harianja & Santoso, 2022).

The system utilizes the Zigbee communication protocol, known for its low power consumption, low
latency, adequate range, and cost-effectiveness, making it suitable for [oT (Internet of Things) applications
(Calvo et al., 2021). IoT refers to the concept of connecting physical devices to the internet for data
exchange, enabling automated remote monitoring and control (Ouni & Saleem, 2022). The system
integrates various sensors, such as temperature, humidity, motion, and water level sensors, to monitor
environmental conditions and actuators like relays and IR transmitters to control water pumps, fans, lights,
and MP3 players. Automated control is based on the collected data, enhancing the efficiency and reliability
of the system(Pérez & Salvachua, 2021). Furthermore, platforms like Thingspeak and web-based interfaces
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are considered for data storage and visualization, supporting real-time analytics and remote control for
effective management and decision-making(Ali et al., 2020). This paper focuses on developing a system
that facilitates wireless monitoring and control, even in areas without internet (blank spots), providing a
practical solution for remote villa maintenance.

LITERATURE REVIEW

Wireless Sensor Networks (WSN) have been widely acknowledged as an effective technology for real-
time environmental monitoring due to their low power consumption, easy installation, and
scalability(Harianja & Santoso, 2022). The Zigbee communication protocol, built upon the IEEE 802.15.4
standard, is specifically designed for wireless personal area networks (WPAN) and offers a range of 10 to
100 meters, depending on conditions. It also supports mesh networking, enabling extended signal coverage
and scalability by accommodating thousands of nodes in a single network(Alfarabi et al., 2024). These
characteristics make Zigbee an ideal choice for IoT applications such as smart homes and industrial
automation.

IoT integrates various components to monitor environments through internet-connected devices,
allowing data storage on web servers for remote access(Sarah et al., 2020). Sensors like temperature,
humidity, light, and water level sensors are commonly used to collect environmental data, which is analyzed
by controllers to automate actions and improve energy efficiency in applications like smart buildings and
environmental automation(Pérez & Salvachua, 2021). However, loT systems face security challenges due
to vulnerability to cyberattacks, although ongoing development of security protocols aims to protect data
integrity (Jayetileke et al., 2023). For data storage and visualization, cloud technologies like Thingspeak
enable real-time data collection with interactive dashboards and analytics support through MATLAB. This
capability helps detect patterns and anomalies while providing threshold-based notifications, which are
particularly useful for applications such as smart agriculture, environmental control, and early detection
systems(Suryana, 2021). WSN’s low latency (around 10 milliseconds) and minimal jitter (less than 1
millisecond) make it ideal for applications requiring quick responses and consistent data reliability. The
protocol’s ability to form mesh networks further enhances its usability in remote and challenging terrains,
addressing the connectivity issues commonly faced in blank spot areas(Rivaldo & Calvinus, 2019).This
study builds on previous research by incorporating Zigbee-based WSNs with IoT platforms to create a
comprehensive system for remote villa maintenance. The system employs sensors to monitor parameters
such as temperature, humidity, lighting, and water availability, with data transmitted to a central hub
connected to the internet. The data is then uploaded to Thingspeak and displayed on a web platform,
enabling remote monitoring and control of electronic devices in the villa(Suryana, 2021). Despite its
advantages, limitations of this research include the focus on specific environmental factors and the
constraints of operating in remote, internet-inaccessible locations. Future developments aim to address
these challenges by optimizing the system’s functionality and scalability.

METHOD

This research uses an experimental method to design, develop, and test a wireless sensor network (WSN)
system based on Xbee S2C with Zigbee protocol integrated with IoT technology. A literature review and
needs analysis were conducted to determine the required equipment such as temperature, humidity, light,
and water level sensors, as well as to design the system and network architecture, which includes the
placement of sensor nodes and coordinators in blank spot areas. The system is also integrated with the
Thingspeak platform for data visualization and reliable processing with MATLAB support to facilitate
remote monitoring and control via a web interface. The overall research flow is shown in Figure 1.
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System testing includes testing network connectivity, sensor readings, and system response to changes
in environmental conditions and user commands.
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Figure 1. Research Flow

Problem Assessment and Requirement Analysis

To identify the villa owner’s requirements, interviews were conducted. Key needs included remote
monitoring of temperature, humidity, lighting, and water availability, accessible at any time and from any
location. The system also needed to control electronic devices such as water pumps, fans, lights, and
audio systems. A literature review guided the selection of appropriate sensors. The analysis highlighted
the need for a flexible system capable of remote monitoring and control.Choosed Microcontroller is Node
use Arduino Uno, Selected for its multiple pins, enabling direct integration of sensors and actuators
(Sarah et al., 2020).Coor uses ESP32, Chosen as the coordinator due to its built-in WiFi, eliminating the
need for additional modules (Megantoro et al., 2022).for Sensors this choose DHT11: Measures
temperature and humidity (Yulizar et al., 2023). LDR LM393: Detects ambient light levels (Al Ghifari et
al., 2022). HC-SR04: Measures water levels (Anantajaya et al., 2022). IR Receiver KY-022: Reads and
converts IR signals into digital data (Anantajaya et al., 2022).and the Devices for Control is Relay
Modules: Enable control of electrical circuits (Basri et al., 2021) And IR Transmitter KY-005: Transmits
IR signals based on digital inputs (Anantajaya et al., 2022).The research was conducted in a villa located
in an open, isolated area with specific geographic challenges. A layout map (Figure 2) illustrates sensor
node placements, coordinator locations, and areas of limited coverage, providing a contextual framework
for system design.
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Figure 2. Location

System Design and Building

The system was designed to fulfill the villa owner’s need for remote environmental monitoring and
control. It integrates sensors, Xbee modules, and electronic devices, with the ESP32 serving as a central
hub to connect to Thingspeak using its built-in WiFi (Sabo et al., 2024). Figures 3—5 illustrate the system's
logic, manual controls, and monitoring workflows. The jobdesk and fungstions is Node in Villa (Blank
Spot): Equipped with sensors to measure environmental parameters such as temperature, humidity,
lighting, and water levels. Includes actuators for operating lights, fans, water pumps, and audio systems.
Operates autonomously based on sensor data. Coordinator in Control Room (With Internet Access):
Serves as a bridge between sensor nodes and the Thingspeak platform. Receives data from nodes via
WSN (Komilov, 2023), parses it, and uploads it to Thingspeak (Setiawan et al., 2023).And Web Platform:
Displays real-time data for monitoring and device control.provides a user-friendly interface for remote
management (Mabrouki et al., 2021).
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Figure 4 . Control Manual System Figure 5 . Monitoring System Flow
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Figure 7 . Website Interface

The system's hardware architecture (Figure 6) consists of three main components:
a) Sensor Nodes: Monitor environmental parameters and provide automatic device control.
b) Coordinator: Connects sensor nodes to Thingspeak, handling data transfer and formatting.
c) Web Platform: Offers real-time data visualization and analytics, enabling users to monitor and
control devices remotely.
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Data flows from Xbee-equipped sensor nodes to the coordinator, which processes and uploads it to
Thingspeak. The web platform then presents the data, facilitating monitoring and control. Figure 7 shows
the developed web interface.

Testing
The system underwent rigorous testing to ensure functionality and reliability:
1. Data transmission via Xbee modules was tested 50 times per module to validate consistency.
2. System responsiveness to control commands was evaluated for accuracy and speed.
3. Data uploads to Thingspeak were examined to confirm seamless integration.
Connectivity between Xbee modules and overall device coordination were prioritized during testing.
Functional tests demonstrated that the system operated as intended under varying conditions.

RESULT
Testing results reveal a 100% success rate in data transmission during connectivity assessments,
involving the transfer of 50 data packets from the coordinator to the node and vice versa. This evaluation
ensured reliable communication between devices utilizing Xbee modules, with all packets transmitted and
received without data loss. Figures 8 and 9 illustrate the connectivity test outcomes, demonstrating minimal
latency and stable system performance under varying conditions.
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Additionally, the system underwent data upload testing to the Thingspeak platform, as depicted in Figure
10, showing consistent and uninterrupted sensor data uploads. Node responsiveness to commands was
evaluated (Figure 11), while Table 1 summarizes functional tests of controlling devices like lights, fans,
and water pumps via remote commands. Results indicate rapid and accurate responses to user instructions.
This study successfully developed an loT-based Wireless Sensor Network (WSN) using Xbee S2C modules
and the Zigbee protocol, specifically designed for remote monitoring and control of villas located in blank
spot areas. The system demonstrated its capability to monitor environmental parameters such as
temperature, humidity, lighting, and water levels accurately through a web interface, providing an effective
solution for regions with limited internet access. Users can control electronic devices like lights, fans, and
water pumps from up to 1.03 kilometers away, with average response times ranging between 6.5 to 9
seconds. This significantly enhances ease and comfort in villa management.
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Figure 10 . Result Data Uploading to Thingspeak
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Figure 11 . Response Test Graph

System testing showed that the Zigbee-based network achieved a 100% data transmission success rate
for 50 transmissions, confirming its stability and reliability in wireless communication. Figures 8 and 9
illustrate the connectivity test results, which highlight the system's stable performance with minimal latency
under various conditions. Additionally, consistent and uninterrupted sensor data uploads to the Thingspeak
platform were observed, as shown in Figure 10.

DISCUSSIONS

The implementation of an IoT-based Wireless Sensor Networks (WSN) system has shown its
effectiveness in monitoring and controlling villas located in blank spot areas. Findings show that the system
offers significant flexibility for villa owners to monitor environmental conditions and control various
electronic devices from a distance of 1.03 km via a web-based interface. This capability allows users to
manage devices such as fans, lights and water pumps, ensuring optimal temperature, lighting and humidity
levels in the villa according to their needs. Node responsiveness to remote commands was also evaluated,
with the results summarized in Table 1, demonstrating rapid and accurate device control.

Table 1.Response Testing Summary

Lamp Fan Water Pump Mp3

Sum Data 325 300 425 450
Average 6,5 second 6 second 8,5 second 9 second
Min 3 second 3 second 3 second 4 second
Max 10 second 10 second 12 second 14 second

This functionality ensures that villa owners can maintain optimal environmental conditions with

minimal manual intervention. The system's ability to provide smooth data transmission and reliable device
control even under challenging conditions strengthens its potential for broader applications in similar
environments. This research confirms that loT-based WSN systems not only increase comfort, but also
significantly simplify the monitoring and management of villas in areas with limited internet connectivity.
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CONCLUSION

This research succeeded in developing a Wireless Sensor Networks (WSN) system based on the Internet
of Things (IoT) using the Xbee S2C module and Zigbee protocol, which is designed for remote monitoring
and control in villas in blankspot areas. This system enables accurate monitoring of environmental
parameters such as temperature, humidity, lighting and water level via a web interface, providing an
effective solution for areas with limited internet access. In addition, users can control electronic devices
such as lights, fans and water pumps from a distance of 1.03 KM with a fast response averaging between
6.5 to 9 seconds, which increases the ease and comfort in managing the villa. Tests also show that the Zigbee
network based on the Xbee S2C module has a data transmission success rate of 100% for 50 transmissions,
indicating high stability and reliability in wireless communications. This system opens up great
opportunities for application in remote areas or blank spots, allowing property owners to stay connected
and manage assets remotely via an [oT platform. This research not only contributes to the advancement of
WSN and IoT technology in the field of environmental monitoring, but also opens up opportunities for
further development, such as the integration of artificial intelligence for data analysis and exploration of
the use of other communication protocols that can expand network coverage.
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