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ABSTRACT 
Recently, light-emitting diode (LED) lighting systems have become popular due to their increased system performance. 
LED lighting system performance is affected by heat; therefore, it is important to know the temperature of a target 
surface or bulk medium in the LED system. In-situ temperature measurements of a surface or bulk medium using 
intrusive methods cause measurement errors. Typically, thermocouples are used in these applications to measure the 
temperatures of the various components in an LED system. This practice leads to significant errors, specifically when 
measuring surfaces with high-luminous exitance.  

In the experimental study presented in this paper, an infrared camera was used as an alternative to temperature probes in 
measuring LED surfaces with high-luminous exitance. Infrared thermography is a promising method because it does not 
respond to the visible radiation spectrum in the range of 0.38 to 0.78 micrometers. Usually, infrared thermography 
equipment is designed to operate either in the 3 to 5 micrometer or the 7 to 14 micrometer wavelength bands. To 
characterize the LED primary lens, the surface emissivity of the LED phosphor surface, the temperature dependence of 
the surface emissivity, the temperature of the target surface compared to the surrounding temperature, the field of view 
of the target, and the aim angle to the target surface need to be investigated, because these factors could contribute 
towards experimental errors. In this study, the effects of the above-stated parameters on the accuracy of the measured 
surface temperature were analyzed and reported. 

Keywords: light-emitting diodes, LED lighting system, testing, lens temperature, surface temperature, IR thermography, 
measurement error, surface emissivity 

1. INTRODUCTION 
Light-emitting diode (LED) technology has improved significantly over the past decade. The technology has now 
reached a level where LED chips emit high radiant power, in the order of watts per chip. To create “white” light for 
illumination applications, the emission of these LED chips are combined with phosphor-encased optical encapsulant 
layers.[1] Past studies report increases in LED package lumen degradation due to both chip and encapsulant degradation 
caused by high temperature.[2],[3] In order to quantify LED lens degradation and improve LED performance, as well as 
for safety-related aspects, it is necessary to measure the lens temperature accurately during operation. With increased 
demand for larger lumen packages with smaller LED package footprint area, the lumen output and therefore luminous 
flux densities of these lenses increase. The luminous flux exiting or leaving a surface is termed as luminous exitance.[4] 

In measuring the bulk medium or surface temperature of these LED lenses, either contact (intrusive) or non-contact type 
measurement methods can be employed. Intrusive-type measurements are commonly conducted with thermocouples. 
These thermocouple measurements are reported to have significant errors caused by the optical radiation emitted through 
the lens surface being measured.[5],[6] In addition, measurement errors can be caused by the geometrical configuration, 
attachment method, and heat transfer interactions of intrusive-type temperature measurements.[7] Infrared temperature 
measurement systems are non-contact type measurement methods that lack some of the stated sources of error such as 
attachment method and heat transfer interaction present in contact-type methods. Infrared temperature measurement 
systems are generally designed to be sensitive between 3–5 µm and 7–14 µm wavelength bands.[8] The optical emission 
of an LED system used for illumination is in the range of ~0.4–0.8 μm where the infrared temperature measurement 
systems are insensitive. 
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