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Abstract. 
We present the bidirectional power line communication system developed in parallel to an electronic board for driving and control of HID (high-intensity discharge) and LED (light-emitting diode) lamps. The communication system, developed to be applied in the sector of public illumination, is been designed to combine high efficiency and reliability with low production costs; it consists indeed of discrete cheap components. The communication system described in this paper implements the technique of transporting digital information over existing power lines, avoiding the issue of installing new cables. Digitized signals can use power line cables through the amplitude voltage and current modulation. The solution proposed is more advantageous compared to communication techniques currently on the market which are essentially two types, power line carrier (modem for high-voltage lines) or radio (zig-Bee transceiver).


1. Introduction
Public lighting represents a primary service in the management of a city. It is indeed public safety guarantor, helps to improve the environment in which people live, and promotes city image through the enhancement of cultural heritage. Geographical extension of public lighting system makes it very difficult in order to ensure proper levels of efficiency, quality, reliability, and energy savings of the service by using traditional instruments.
An intelligent electronic system for the control of both LED and HPS lamps for public lighting was designed. The feature of driving both types of lamps is unique for the realized system. This versatility is achieved through the implementation of a reconfigurable output capable of driving, by the user’s choice, a LED or HPS lamp. Through an appropriate routine implemented in the firmware of the microcontroller, the system is capable of self-learning the type of lamp inserted in reconfigurable output. This feature allows to use the ballast in lighting systems that nowadays use the traditional discharge lamps and, primarily, will allow to keep the same ballast when discharge lamps will be replaced by the LED modules, in the near future in which the LED street lighting systems will be more affordable.
The lighting implants are indeed characterized by a large number of hot spots scattered throughout the territory for which it is constantly necessary to monitor the operation and make its management. Particularly in urban areas, public lighting systems are greatly extended and widely distributed, and they contain a large number of control panels and, above all, light points. Therefore, it is extremely problematic and expensive to make early detection of malfunctioning components, to locate and remove the cause of failures, to carefully manage the lighting implant, and to control the luminous flux of each unit. All this involves high costs in terms of time and money.
The remote control is a system designed for managing lighting systems and helps to combine cost savings with safety and service continuity. The main advantage is the implant’s control in real time plus conditions improving of maintenance (i.e., real-time report of malfunctions). The remote control allows(i)eliminating unnecessary costs due to the troubleshooting,(ii)transparency, reduced operating costs, and warehouse management,(iii)automatic service regulation in the seasonal demand,(iv)real-time report on plants disruption and therefore the possibility of quick intervention to restore normal conditions,(v)scheduling of major repairs,(vi)human resources and emergency response teams optimization.

				The designed transceiver system was thought to allow bidirectional communication from the control panel (master) to the individual light points (slave), using the power line as transmission medium in order to get remote control and regulation of the light intensity produced by each lighting point, as required by actual regulations regarding light pollution and energy saving.
The designed transmission system, applied to a public lighting system, allows transmission of information between the control panel and the lighting points, through the power line; consequently it is not required the installation of additional cables. This peculiarity, together with the use of relatively economical discrete components for the realization of the transmitter and receiver units, ensures low production costs, simple construction and maintenance of the system and a good overall reliability; this is certainly the main advantage of the designed communication module.
2. Electronic Board Designed for Driving HID and LED Lamps
This section provides a brief description of the designed electronic ballast. Figure 1 shows the complete block diagram of the electronic ballast for HID and LED lamps, with the communication module highlighted. This electronic system is designed to power-supply a discharge lamp or LED lamp. The developed communication system implements the master-slave mechanism; therefore, the transceiver inserted into the ballast is the slave module. The power factor corrector (PFC) optimizes power consumption by the power line, avoiding unnecessary loss of power and provides a stabilized high voltage (Vbus). The output stage, consisting of an H-bridge, is driven by two half-bridge drivers and allows the lamp to be powered by an AC and low-frequency signal. The drivers are driven by a controller circuit which has the task of controlling the current in the lamp.





	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
			
				
				
					
				
			
		
	
	
	
		
			
				
				
					
				
			
		
	
	
		
			
				
				
					
				
			
		
	
	
		
			
				
				
					
				
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
			
		
	


	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
				
				
				
			
			
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
			
			
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
			
			
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	


Figure 1: Electronic board block diagram.


The microcontroller provides the PWM signals to the controller circuit. The microcontroller, installed on the ballast, is intended only to generate square-wave signals to drive the H-bridge and the PWM signal in order to adjust the current in the lamp, according to the commands received fro