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ABSTRACT   

The concept of connected lighting systems using LED lighting for the creation of intelligent buildings is becoming 
attractive to building owners and managers. In this application, the two most important parameters include power 
demand and the remaining useful life of the LED fixtures. The first enables energy-efficient buildings and the second 
helps building managers schedule maintenance services. The failure of an LED lighting system can be parametric (such 
as lumen depreciation) or catastrophic (such as complete cessation of light). Catastrophic failures in LED lighting 
systems can create serious consequences in safety critical and emergency applications. Therefore, both failure 
mechanisms must be considered and the shorter of the two must be used as the failure time. Furthermore, because of 
significant variation between the useful lives of similar products, it is difficult to accurately predict the life of LED 
systems. Real-time data gathering and analysis of key operating parameters of LED systems can enable the accurate 
estimation of the useful life of a lighting system. This paper demonstrates the use of a data-driven method (Euclidean 
distance) to monitor the performance of an LED lighting system and predict its time to failure. 
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1. INTRODUCTION  
Today, light-emitting diode (LED) technology is the preferred light source for many illumination applications. The 
claimed benefits of LED technology are low power demand and reduced maintenance. Nowadays, energy savings with 
LED technology is a given; therefore, users are looking for additional benefits beyond energy savings for transforming 
their lighting to LED technology. The concept of connected lighting systems using LED lighting for the creation of 
intelligent buildings is becoming attractive to building owners and managers. Remote monitoring of the performance of 
lighting systems is a welcoming feature for building managers who are looking to optimize energy usage by controlling 
lights and enabling scheduled maintenance and timely replacement of fixtures ahead of failure.   

Prognostics, which is projecting the time to failure of LED lighting systems and estimating the remaining useful life 
(RUL), is an important aspect of the intelligent building concept.1 The prognostic algorithms employ current and 
historical data on operational and environmental loading conditions.1 Remote monitoring facilitates the continuous 
measurement of key operational parameters in LED lighting systems and allow users to make decisions based on the 
behavior of the monitored parameters. The goal of this study was to identify parameters that can signal failure of an LED 
lighting system and predict failure time, thus the RUL. The earliest time when the failure can be predicted with high 
accuracy was assessed for the different parameters considered.  

The study began with a literature review. Several past studies have shown that when LEDs age, the forward voltage of 
an LED package increases.2,3 In 2013, Jayawardena showed increases in series electrical resistance and thermal 
resistance in high-power LED packages under high temperature and high current aging conditions.4 Therefore, forward 
voltage, series resistance, and thermal resistance are some parameters that can be used for assessing the health and 
estimating the RUL of an LED systems. 

Sutharssan et.al.,5 proposed distance-based, data-driven methods (Euclidean distance [ED]) to detect the health of high-
power LEDs with in-situ monitoring of operating parameters such as lead wire temperature, forward voltage, and 
forward current. In their study, they were able to predict the time to failure within a 10% error at around 60% of the 
operating life of the LED package. ED is a measure of deviation of the operating parameters from their initial operating 
conditions. ED converts multi-dimensional data to a single parameter, and it requires failure thresholds and the 
operational data under normal operating condition in order to work properly.5 The general form of the ED method is 
shown below (Eq. 1). 
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   (Eq. 1) 

Most of the previous reliability and RUL studies have been performed on single LED packages and not on LED lighting 
systems. An LED system has many components including the LED array, printed circuit board (PCB), heat sink, and 
driver. As a first step towards developing a suitable method for predicting the RUL of LED lighting systems, we focused 
our investigation on whether the methods used in past studies for LED packages could be used for LED systems as well, 
namely the LED array. Forward voltage and LED temperature were used as the monitoring parameters, and the 
Euclidean distance method was used for predicting time to failure. 

2. EXPERIMENT 
Four samples of the same commercial downlight were chosen for the experiment. The selected samples consisted of 
LED arrays with eight mid-power LED packages connected in series. The test samples were prepared by detaching the 
LED arrays from the fixture driver and readying the LED arrays to be used with direct current (DC) power supplies. The 
LED array was placed in a laboratory oven and was driven with a constant forward current of 240 mA using a DC power 
supply. The aging test was conducted at four different LED pin temperature conditions of 150°C, 180°C, 195°C, and 
200°C using four similar setups. One sample per temperature condition was used in the study. The experimental 
variables used in the experiment are given in Table 1. 

 

Table 1. Experimental variables 

Independent variables Dependent variables 
o Ambient temperature (LED pin temperature at the 

beginning 150°C, 180°C, 195°C, 200°C) 
o Forward current (240 mA) 

• Forward voltage (V) 
• Failure time (h) 
• LED pin temperature (°C) 

 
 

 
Figure 1. Temperature distribution on the LED board at 240 mA. 

A suitable location for the temperature sensor attachment was determined using an IR thermal imager. In this process, 
the LED array was driven at a current of 240 mA and the sample was allowed to reach steady state. Once thermal steady 
state was reached, the sample was placed under an IR thermal imager and the temperature distribution was captured, as 
depicted in Figure 1. It clearly showed that the temperature distribution was uniform across the LED board, and 
therefore the thermistor was attached to the cathode lead of one of the LED packages, which represents the average 
temperature of the LED array.  
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The forward current of the LED array was measured using a shunt resistor. The forward voltage (across the LED array 
and across two individual LEDs), forward current, and the LED pin temperature data were sampled and acquired using a 
DAQ and a PC running a LabVieW program. The forward voltage measurement locations on the LED array are 
illustrated in Figure 2. The experimental setup is shown in Figure 3. 

 
Figure 2. Forward voltage measurement locations on the LED array. 

 
Figure 3. Experimental setup. 

        
Figure 4. I-V characteristics of individual LEDs and the LED array. 

LED array 
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In predicting the failure time for the 180°C condition, a forward voltage threshold of 7.75 V was used and that resulted 
in a reasonable prediction accuracy. However, there are many possible failure scenarios where the voltage threshold 
would be different. As previously stated, the tested LED array had eight mid-power LED packages connected in series, 
each having an initial forward voltage of 6.60 V.  

Out of the many possible scenarios, two extreme scenarios are presented here. 

• Scenario 1: When only one LED package’s forward voltage increases by 20% and causes open circuit failure: 
∆Vthreshold=6.60*0.2= 1.32 V 

• Scenario 2: When all LED packages show an equal forward voltage increase of 20% and cause open circuit 
failure: ∆Vthreshold=6.60*0.2= 10.56 V 

Based on these two extreme scenarios, the voltage threshold could be any value between 1.3–10.6V depending on how 
many LED packages contribute to the failure. Therefore, further studies are needed to confirm if accelerated temperature 
aging will result in accurate forward voltage and LED pin temperature thresholds for estimating time to failure. 
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