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 The Internet of things (IoT) has been proven as an efficient technology for 

real-time monitoring of physical things through the Internet from any 

location. With the advancement in sensors and communication technologies, 

the implementation of IoT is adopted in wide extensions. Road reflectors on 

highway roads need to be automated and also powered with intelligence. 

With this motivation, we have proposed and implemented IoT and long 

range (LoRa) based architecture for the realization of smart road reflectors 

on the highway. To realize the proposed architecture, the hardware of the 

smart reflector and gateway is implemented on the university campus. 

During our implementation of the hardware, we observed the light intensity 

values that are sensed by smart reflectors on the server through LoRa and 

internet connectivity. In the future, we will be integrating additional sensors 

and also power the smart reflector with artificial intelligence to predict the 

fog status of a particular road. 
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1. INTRODUCTION 

Highways and roads are critical components of national infrastructure that promote seamless access 

for humans and goods. However, safety remains a significant concern, with several accidents occurring as a 

result of poor visibility, particularly at night or during inclement weather [1], [2]. Traditional road reflectors, 

while useful, have limitations in their effectiveness under such conditions. The United Nations 2030 agenda 

for the transport system will be completed with digital technologies like the Internet of things and artificial 

intelligence [3].  

The implementation of digital technologies on highways empowers to provide smarter, intelligent, 

reliable, and renewable energy sources experience to the users traveling along the highways [4]. On the 

highways road reflectors (road studs) are deployed on the road to ensure traffic and safe driving by providing 

pavement markers. Road studs have been regularly utilized in various nations for more than 75 years to 

delineate road lanes at night and in low visibility [5]. The advancement in lighting technology like light 

emitting diode (LED) technology has empowered road studs with the capability of emitting light during 

night-time. Self-illuminating active road studs were recently introduced and produced for commercial usage, 

thanks to the advancement of light-emitting diode (LED) technology [6].  

https://creativecommons.org/licenses/by-sa/4.0/
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Current methods to boost roadway safety and management usually involve complicated structures of 

cameras, sensors, and communication technology [7]. These technologies can monitor traffic circumstances, 

weather-related visibility concerns, and other essential factors driving highway safety. The existing systems 

primarily rely on short-range communication technologies, which confine their operational range and may be 

impeded by the highway's topography. 

The advancement in sensors and wireless communication technology encouraged the adoption of 

IoT for different applications in automation and real-time monitoring [8]. IoT-based vehicle accident 

detection and rescue information system detects car accidents and sends location information to the vehicle 

owner, nearest hospital, and police station via a web service [9]. Intelligent reflecting surface (IRS) is 

implemented on the road, in which the two big-size road reflectors can be utilized as a communication 

medium with Low Earth Orbit (LEO) satellite [10]. A Smart Road Stud (SRS) is implemented for vehicle 

speed detection technique with two identical three-axis geomagnetic sensors, wireless communication, self-

powering module, and controlled light-based traffic direction [11], [12]. The research question of this study 

is: How can the amalgamation of IoT technologies and smart reflectors improve highway monitoring and 

management?  

Based on this research question, the authors have reviewed the following literature. IoT has 

empowered us to implement a safe and smooth road experience on the highway with unique features such as 

vehicle position, speed, and lane tracking. Raspberry Pi 3 B+ based prototype is integrated with a camera 

module and mounted on smart road reflectors, to evaluate road conditions with appropriate location data [13]. 

IoT-based Digital Notice Board with a smart reflector is implemented in this study to visualize the road 

information and the notice board is embedded with an ATmega328 Microcontroller, global system for mobile 

communication (GSM) module, liquid crystal display (LCD), and buzzer to communicate any information to 

people in public places [14]. Radio frequency identification (RFID) tags embedded in smart road reflectors 

with sensors are used to collect data on crucial aspects of their life and the obtained data can be employed in 

road performance measurement systems [15]. Vehicular Ad Hoc Network (VANET) is embedded in the 

smart road reflectors to establish VANET infrastructure on roads to obtain real-time highway data with IoT 

[16]. Light detection and ranging (LiDAR) sensors are a critical component of autonomous smart road 

reflectors for the next generation as an aid function and also to compare and analysis on sensor quality, 

factory metrics are used [17], [18]. 

An intelligent system is implemented to overcome animal-vehicle crashes during the nighttime by 

integrating the Histogram of Oriented Gradients (HOG) method and a Convolutional Neural Network (CNN) 

[19]. An intelligent road marking system with a wireless network positioned in smart road reflectors is being 

developed, so that the light can be emitted when the oncoming vehicle is detected and also broadcast the 

information on the wireless network [20]. A dynamic traffic control system is implemented to automate the 

current traffic control system and also employs infrared sensors to detect traffic intensity, after which a 

microprocessor controls traffic light switching, and the message is displayed on smart road reflectors through 

GSM/global packet for radio service (GPRS) modules [21], [22]. 

An intelligent traffic control system based on big data and internet of things will be part of smart 

traffic solutions for smart cities, where sensor systems, monitoring systems, and display systems are all eco-

systems in and of themselves [23]–[25]. The usage of a variety of techniques and algorithms is required for 

the deployment of an IoT intelligent transportation system (ITS) for smart road reflectors [26], [27]. A novel 

modular traffic modeling environment is created to investigate road networks while incorporating 

advancements in IoT technologies like low-power, embedded devices integrating as part of a next-generation 

traffic management system (TMS) to mimic real-world traffic conditions [28]. From the above literature 

review, it is identified that IoT is implemented in different application areas for intelligent and real-time 

monitoring, however, in the smart reflector system, there is a drawback in the connectivity for long-range 

data transmission. 

 Motivated by the facts above, this study focuses on implementing a smart road reflector with 

sensory technology and a LoRa network to establish real-time and IoT-based automation on the road. The 

main contributions of this study are as follows. 

− IoT and LoRa-based architecture for the realization of smart road reflectors on highways is proposed. 

− To realize the proposed architecture, the hardware of the smart reflector and gateway is implemented on 

the university campus. 

− In this study, light intensity values of smart reflectors are visualized on the server through the Internet. 

The organization of this study is as follows: Section 2 covers the proposed system; section 3 covers 

the results and discussion, and the article concludes in the final section. 
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2. METHOD AND PROPOSED ARCHITECTURE 

In this study, a smart reflectors-based system with long-range communication and IoT is proposed 

to enhance the currently available reflectors. The proposed system requires hardware and software for real-

time implementation. First, the proposed architecture is discussed in detail to understand the function of the 

system and later on, the hardware prototype which is based on LoRa is firmware for implementation. 

Generally, reflectors are used on highways to clarify the curves and turnings to the drivers and 

provide road safety through their reflected colors. They provide directional cues to the drivers at night about 

which side of the road is left or right. In this paper, the Internet of things and LoRa radio-based smart road 

reflectors for smart cities are proposed to reduce energy consumption due to traffic signal lights. The 

proposed architecture for a smart reflector on a road or highway is shown in Figure 1. When the traffic signal 

lights are incident on reflectors, the reflectors will glow, and the turnings and curves will be clear to the 

drivers during the night. This will also save consumption of energy because reflectors will shine only when 

the light is incident. In the proposed system, smart reflector arrays (1, 2, …, M) on a road or highway have 

been used by us. The reflectors are connected to the cloud server through the Wi-Fi-enabled LoRa gateway. 

The entire information that is sent by smart reflectors to the cloud server through a gateway can be sent to the 

authorities via a Web App for the data forecast and interpretation. 
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Figure 1. Proposed architecture for smart reflector 

 

 

Figure 2 shows the block diagram of a smart reflector, which consists of several reflectors (1, 2, …, 

M), a sensing unit, a control unit, an energy source consisting of a group of piezo sensors, and a LoRa 

gateway. The energy is supplied through a group of piezo sensors, and a power supply is given to all 

reflectors, sensing units, control units, and LoRa gateway. There is a sensing unit in the smart reflectors that 

senses the light signal and sends a command to the control unit so that the reflector glows otherwise, the 

reflector remains off. The control unit is also connected to the LoRa gateway through which the data is sent 

to the cloud server. LoRa-based gateway is integrated with multiple reflectors, and the gateway is 

additionally equipped with a Wi-Fi modem for transferring the sensor values to log on to the main server 

through internet protocol (IP). The purpose of integrating the Wi-Fi modem is that the RF packets received 

from the smart reflector detection system cannot be directly logged onto the cloud server. Complete data 

from various sensing nodes are available on the main server for real-time monitoring. Apart from the main 
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server, the users can get the status of each node using a web application or a Mobile application, which is 

based on the main server. Finally, the complete architecture makes wireless infrastructure implementation 

possible. In addition, the detection system description is demonstrated in Figure 2. 
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Figure 2. Block diagram of smart reflector 

 

 

Figure 3 shows the Wi-Fi enabled LoRa gateway it has a controller, display, Wi-Fi Module, DC 

power supply unit and long range radio. The power adapter is provided for all the sections of the block 

diagram. The computing unit or controller is connected to the Wi-Fi module, display unit and LoRa 

transceiver. The LoRa receives the data from the smart reflector. The gateway is connected to the internet 

using the Wi-Fi module for pushing the data onto a cloud server and at the placement location of the gateway 

the internet signal has to be very stable for proper working of the system. 
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Figure 3. Wi-Fi enabled LoRa Gateway 

 

 

3. RESULTS AND DISCUSSION 

The hardware was designed for a smart reflector, which is based on an ATmega328P controller, a 

433 MHz LoRa module, a light intensity sensor, and a group of piezo sensors. In the hardware of the smart 

reflector, we have embedded +5 V and +3.3 V voltage sources to support the operating voltage of the 

elements. In the hardware of the Wi-Fi-enabled LoRa gateway, ATmega328P microcontroller, ESP 8266 Wi-

Fi module, and 433MHz LoRa module are also used. After the development of the hardware, the smart 

reflectors were deployed on the university campus to test and log the sensor values on a cloud server. Figure 

4 shows the process of uploading the software in the smart reflector, and Wi-Fi-enabled LoRa gateway. The 

Wi-Fi-enabled LoRa gateway is connected to the local IP network through the 192.168.204.164 IP address. 

The Smart reflector is deployed on the gateway, and the road of the university campus is placed almost 1 km 

away from the smart reflector. 
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Figure 4. Firmware development 

 

 

The light intensity sensor data (LUX) derived from the smart reflector's light intensity sensor is 

presented in Figure 5. In one instance, the recorded light intensity value is 6.0 LUX, and, in another instance, 

the recorded light intensity value is 1.0 LUX due to less intensity of light. The reflector status is ON/OFF as 

per the intensity of light. When the light intensity varies on the deployed reflectors, variation found in the 

LUX as per the intensity of light will be updated in the server. The LUX values visualized on the server can 

be monitored by the authorities. 
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Figure 5. Light intensity values on local IP 

 

 

Figure 6 illustrates the status of light intensity on the web server via internet connectivity. The 

dashboard of reflector status is visualized, where the on/off status is detailed and presented. Depending upon 

the status, the reflector status changes. 

 

 

 
 

Figure 6. Light intensity and reflectors status on local IP 

 

 

The study's objective is to create a smart reflector system that can adapt to fluctuations in the 

environment and transmit data to a central computer for monitoring. The notion that smart infrastructure can 

improve road safety and operational efficiency is supported by the adoption of LoRa technology for long-

range communication and IoT integration for data logging and monitoring reasons. In contrast, other studies 

on IoT inclusion and smart infrastructure frequently emphasize the potential for enhanced security measures, 

energy efficiency, and real-time control and surveillance. Nonetheless, the particular emphasis of this study 

on light-responsive reflectors and their application for in-field testing gives a practical aspect to the 

theoretical benefits frequently addressed in literature. These data might be interpreted in several ways. To 

begin, effective execution proves the potential of amalgamating IoT technology with conventional safety 

equipment such as reflectors, thus enhancing their functionality. This could point to larger applications for 

smart infrastructure to enhance road safety, especially in low-light settings. Still, limitations include the 

dependency on certain hardware components that may affect scalability and cost-effectiveness, as well as the 

possibility of interference with signals in congested metropolitan environments, which might affect the 

accuracy of long-range communication. 

 

 

4. CONCLUSION 

Smart reflectors on the highway can provide the path and curves on the roads where the highway 

lightning system is absent. To overcome this challenge, we have proposed and implemented a LoRa-based 

smart reflector with a Wi-Fi-enabled LoRa gateway. To realize the system, we have implemented the 

hardware of a smart reflector and gateway on the university campus. During the implementation of hardware, 

we recorded the LUX values on the server through the internet and LoRa communication. The smart 

reflectors only turn on/off based on the light intensity in the outer environment rather than day and night. 

The smart reflectors only turn on/off based on the light intensity in the outer environment rather than 

day and night. The study's major findings focus on the operational creation and setting up of a smart reflector 

system equipped with IoT capabilities. This system consists of an ATmega328P controller, a 433MHz LoRa 

module for long-range communication, a light intensity sensor for evaluating ambient lighting conditions, 

piezo sensors, and voltage converters to support component operation. In addition, an IoT-LoRa gateway 

with the same controller, LoRa module, and ESP 8266 Wi-Fi module for internet connectivity was built. The 

smart reflectors were tested on a university campus, demonstrating their ability to successfully log sensor 

information to a cloud server. In the future, we will integrate additional sensors in the smart reflector with 

artificial intelligence to predict fog weather on the roads. 
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