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Abstract

The rapid development of the Internet of Things (IoT) has accelerated the growth of smart home and intelligent building
systems in modern residential infrastructures. However, many electrical engineering laboratories still mainly focus on
conventional residential wiring practices and lack integrated smart control technologies that reflect modern smart
apartment environments. This paper presents the design and implementation of a hybrid RF-WiFi smart apartment
training system developed for practical teaching in electrical engineering education. The proposed system integrates
two WT06 RF 4-channel relay controllers operating at 433 MHz together with a Broadlink RM-Pro smart gateway to
establish a hybrid wireless control architecture for residential electrical loads. By combining the two WT06 relay
modules, the system provides eight independent wireless control channels for controlling multiple residential electrical
devices. In the proposed configuration, the WT06 relay controllers perform RF-based switching operations, while the
Broadlink RM-Pro receives commands through a WiFi network and transmits RF control signals to the relay controllers.
The developed platform simulates a residential apartment electrical system, including lighting circuits, electrical outlet
circuits, ventilation loads, water heater loads, and air-conditioning loads. Experimental results demonstrate the stable
and reliable operation of the proposed hybrid smart control system under various wireless control scenarios. The
proposed platform provides a practical and low-cost educational solution for studying residential electrical systems and
IoT-based smart home technologies in engineering laboratories.

Keywords: Smart Apartment; [oT; RF Relay Controller; Broadlink RM-Pro; Smart Home System; Building Electrical
Engineering; Engineering Education.

1. Introduction

The rapid advancement of digital technologies and the Internet of Things (IoT) has significantly transformed modern
residential electrical systems and intelligent building infrastructures. In recent years, smart homes have increasingly
incorporated wireless communication technologies, cloud-based services, and intelligent electrical devices to enhance
energy efficiency, operational flexibility, user convenience, and remote monitoring capabilities [1], [2]. Previous studies
have shown that IoT-based smart home systems can effectively support residential automation, intelligent energy
management, wireless device control, and real-time monitoring in modern living environments [3]-[5].

Among various wireless communication technologies applied in smart home systems, radio-frequency (RF)-based
wireless control remains one of the most practical and cost-effective solutions due to its simple implementation, stable
communication performance, and compatibility with residential electrical applications. RF relay controllers operating
at 315 MHz or 433 MHz are widely used in wireless lighting systems, remote switching applications, and household
automation platforms [6], [7]. However, conventional RF relay systems are generally limited to local wireless
communication and typically lack Internet-based remote monitoring and smart control capabilities.
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To overcome these limitations, recent smart home studies have explored hybrid communication architectures that
combine RF wireless control with WiFi-based 10T technologies [8], [9]. In such architectures, WiFi-enabled smart
gateways receive control commands from mobile applications or cloud platforms and subsequently transmit RF signals
to local relay controllers. This hybrid approach combines the simplicity and reliability of RF communication with the
flexibility, scalability, and remote accessibility of Internet-based smart home management systems.

Despite these technological developments, the integration of smart home technologies into engineering education
remains relatively limited. Conventional electrical engineering laboratories still mainly focus on traditional residential
wiring practices and basic electrical installation experiments, which may not adequately reflect the complexity of
modern smart apartment systems and intelligent residential infrastructures [10], [11]. Recent studies in engineering
education emphasize the importance of practical laboratory platforms, experiential learning environments, and project-
based educational approaches that enable students to interact directly with real engineering systems and modern
industrial technologies [12], [13].

Several previous studies have investigated [oT-based smart home laboratory platforms for engineering education [14].
Most existing educational systems rely heavily on microcontrollers, embedded processors, and relatively complex
programming architectures to implement intelligent control functions. Although these approaches provide high
flexibility and advanced functionalities, they may increase learning complexity for students whose primary focus is
residential electrical systems and building electrical installations rather than embedded programming and software
development.

To address this issue, this study proposes the design and implementation of a hybrid RF-WiFi smart apartment training
platform for engineering laboratories. Unlike conventional smart home educational models that mainly focus on
standalone IoT demonstrations, the proposed platform integrates both traditional residential electrical installations
and hybrid wireless smart control technologies within a unified experimental environment. The developed system
combines two WTO06 RF 4-channel relay controllers operating at 433 MHz with a Broadlink RM-Pro smart gateway to
establish a hybrid wireless control architecture for residential electrical loads [15], [16].

By integrating two WTO06 relay modules, the platform provides eight independent wireless control channels for
managing lighting circuits, electrical outlet systems, ventilation systems, water heater loads, and air-conditioning loads.
In addition, conventional wall-mounted switches are preserved to support manual operation alongside IoT-based
wireless smart control. This hybrid configuration enables students to compare traditional residential electrical systems
with modern loT-based smart home technologies through practical laboratory experiments.

The main contributions of this study include:

e Design and implementation of a hybrid RF-WiFi smart apartment training platform for engineering education.

e Integration of dual WT06 RF multi-channel relay controllers for wireless residential load control applications.

e Development of a hybrid smart control architecture combining RF communication and WiFi-based 1oT
technologies.

o Establishment of a practical laboratory environment for studying residential electrical systems, wireless
communication, and smart home automation technologies.

e Support for both conventional manual control and [oT-based remote operation within a unified educational
platform.

2. Training Platform Description

2.1. System Architecture

The proposed training model simulates the electrical power supply system of a residential apartment while integrating
IoT-based intelligent control. The model represents a simplified apartment layout with functional areas such as a living
room, bedroom, kitchen, and bathroom, creating a realistic environment for studying building electrical systems. Figure
1 illustrates the apartment layout used in the training model.

The electrical system includes lighting circuits, electrical outlet circuits, water heater loads, and air-conditioning loads.

The wiring configuration follows common residential electrical installation practices to ensure safe operation during
laboratory exercises [17], [18].

1427



International Journal of Science and Research Archive, 2026, 19(02), 1426-1433

Figure 1 Apartment layout used in the training model

To support both conventional and intelligent control technologies, the system adopts a hybrid architecture consisting
of three main subsystems: power distribution, load control, and intelligent communication. Electrical loads can be

operated either through mechanical switches or through relay-based smart control via an IoT platform. Figure 2 shows
the smart home electrical training model used in the laboratory.

Figure 2 Smart home electrical training model

This architecture allows the simulation of modern residential electrical systems while supporting practical training in
both traditional electrical installations and smart home technologies [17], [18].
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2.2. WTO06 RF Relay Controller

To implement wireless smart control functionality, the proposed system integrates a WT06 RF 4-channel relay
controller operating at 433 MHz RF communication frequency. The WT06 module serves as the primary wireless
switching controller in the smart apartment system.

The WTO06 controller provides four independent relay channels capable of controlling residential electrical loads such
as lighting systems, ventilation systems, water heater loads, and other household electrical devices. The module
supports several operating modes including toggle mode, momentary mode, and interlock mode, enabling flexible smart
control configurations.

Each relay channel is connected to a corresponding residential electrical load through conventional electrical wiring
systems. This arrangement allows the smart control architecture to maintain compatibility with traditional residential
electrical installations while supporting wireless RF switching operations. Figure 3 presents the WT06 RF relay
controller integrated into the apartment training platform.

Figure 3 WTO06 RF relay controller

Due to its simple structure, low implementation cost, and stable RF communication capability, the WT06 module is
suitable for educational smart home experiments and residential automation demonstrations.

2.3. Broadlink RM-Pro Smart Gateway

To provide Internet-based smart control capability, the proposed system integrates the Broadlink RM-Pro smart
gateway. The Broadlink RM-Pro operates as a WiFi-enabled universal smart controller capable of transmitting both
infrared (IR) and radio-frequency (RF) control signals. By functioning as an intermediate communication device
between the user interface and local control hardware, the gateway extends the capability of conventional RF relay
systems to support Internet-based monitoring and control.

Figure 4 Broadlink RM-Pro smart gateway

In the developed architecture, the Broadlink RM-Pro receives user commands from a smartphone-based mobile
application through a WiFi network and subsequently transmits RF control signals to the WTO06 relay controllers. This
configuration enables remote monitoring and switching of residential electrical loads using mobile applications while
preserving the simplicity and reliability of RF-based load control.

The Broadlink RM-Pro also supports cloud-based smart home services, allowing users to remotely access and manage

residential electrical systems from both local and remote locations. Through this arrangement, students can investigate
practical smart home technologies and understand how modern residential electrical systems integrate wireless
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communication networks with conventional electrical installations. Figure 4 presents the Broadlink RM-Pro smart
gateway integrated into the developed smart apartment training platform.

2.4. Hybrid RF-WiFi Control Architecture

The proposed hybrid RF-WiFi smart apartment control system consists of four major components:

Mobile application interface.

WiFi communication network.

Broadlink RM-Pro smart gateway.

WTO06 RF relay controller and residential electrical loads.

The control process operates as follows:

The user transmits a control command through the smartphone application.

The command is transmitted through the WiFi network to the Broadlink RM-Pro gateway.

The Broadlink RM-Pro converts the command into a 433 MHz RF signal.

The WTO06 relay controller receives the RF signal and switches the corresponding electrical load.

This hybrid architecture combines the advantages of RF-based relay control and WiFi-enabled [oT communication. RF
communication provides stable local wireless switching capability, while WiFi connectivity enables flexible remote
smart home management. Figure 5 presents the overall architecture of the proposed hybrid RF-WiFi smart apartment
control system.

1. Mobila Application 2. WiFi Communication 3. Broadlink RM-Pro 4, WT0€ RF Relay Controller
Interface Network Smart Gateway and Electrical Loads Residential Electrical Loads
Lighting System
: v 1Chy
o () ventiaion Sysem
- Cha)
A I oo vvnrnson »> s ))) 3 N Ewmctriced Duthee
v (Ch3)
[ J—— ot
\\'nlfn Cnv.@nd 433 NHz FF Sigeal
i « (Intwenet)
Viater Heater
se |Cha)
o WiFi Router | Network Broadiink RM-Pro WTO06 RF 4-Channel
Smart Gateway Relay Controller . Air Conditionee
Smartphone (433 MHz) =)
(Application) -
W - WF Communkacn » RF Communication ——3 Eloctrcy Control : L Othar Loas
| (Intermnet / Local Network) (433 MHz) {Losd Switching) : ] |CHB-ChE)

Figure 5 Overall architecture of the proposed hybrid RF-WiFi smart apartment control system

3. Experimental Implementation

3.1. Laboratory Setup

Based on the proposed architecture, the hybrid RF-WiFi smart apartment control system was implemented in the
Electrical Engineering laboratory using the developed training platform.

The apartment model simulated residential electrical loads including lighting circuits, electrical outlets, ventilation
systems, water heater loads, and air-conditioning loads. Two WT06 RF 4-channel relay controllers operating at 433
MHz were installed to provide eight wireless control channels for residential electrical devices.

A Broadlink RM-Pro smart gateway was integrated to provide WiFi-based remote control through a smartphone

application. In the proposed system, control commands were transmitted through the WiFi network to the Broadlink
gateway, which subsequently converted them into RF control signals for the WTO06 relay controllers.
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The platform also preserved conventional wall-mounted switches for manual operation. Therefore, the developed
system supported both conventional manual control and IoT-based wireless smart control within a unified laboratory
environment.

3.2. Wireless Control Scenarios

Several wireless control scenarios were implemented to evaluate the operation of the proposed hybrid RF-WiFi smart
apartment control system in the laboratory environment. The experiments simulated practical smart home operations
commonly used in modern residential buildings.

The lighting circuits, ventilation systems, electrical outlets, water heater loads, and air-conditioning loads were
connected to the WT06 RF relay controllers. Using a smartphone application, users could remotely switch electrical
loads ON or OFF through the WiFi network. In the proposed architecture, the Broadlink RM-Pro gateway received
control commands from the mobile application and subsequently transmitted 433 MHz RF signals to the WT06 relay
controllers for load switching operations.

Experimental observations demonstrated stable wireless communication and reliable relay switching performance for
various residential electrical loads. The developed system was able to manage multiple electrical devices
simultaneously while maintaining stable operation within the laboratory environment.

The proposed platform also supported Internet-based remote operation through the WiFi network. This functionality
allowed students to study practical loT-based smart home technologies and wireless residential automation systems.
In addition, the WTO06 relay controllers maintained local RF control capability during temporary WiFi network
interruptions, improving operational reliability and reducing dependence on Internet connectivity.

Conventional wall-mounted switches were also preserved in the developed platform. Therefore, electrical devices could
be operated using either traditional manual switching or wireless smart control technologies. This hybrid configuration
enabled students to compare conventional residential electrical systems with modern IoT-based smart home
architectures within a unified experimental environment.

Table 1 Summarizes the main operating modes of the proposed hybrid RF-WiFi smart apartment control system

Control Mode Description Operation Method
Manual control Conventional switching Wall switches
RF smart control Local wireless switching WTO06 RF controller

Smartphone-based remote

o Broadlink RM-Pro
switching

WiFi smart control

Hybrid control Combined operation Manual + RF + WiFi

4., Conclusion

This paper presented the design, implementation, and experimental evaluation of a hybrid RF-WiFi smart apartment
training platform for electrical engineering education. The developed system integrated WT06 RF relay controllers and
a Broadlink RM-Pro smart gateway to establish a practical residential smart control environment supporting both
conventional electrical installations and loT-based wireless automation.

Experimental implementation demonstrated stable wireless communication, reliable relay switching performance, and
flexible control capability for multiple residential electrical loads including lighting systems, ventilation systems,
electrical outlets, and air-conditioning loads. The developed platform also enabled students to study practical smart
home technologies, RF communication systems, and Internet-based residential automation within a unified laboratory
environment.

Compared with conventional smart home educational models, the proposed platform provides several advantages

including low implementation cost, simple deployment, hybrid wireless communication capability, and compatibility
with traditional residential electrical systems.
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Future work will focus on integrating environmental monitoring sensors, energy management functions, cloud-based
data analytics, and artificial intelligence algorithms to further enhance the educational and practical capabilities of the
smart apartment training platform.
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