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Abstract. Compared with other light sources, LED light source has a longer service life and will not suddenly
fail. Due to its high efficiency, energy saving and long life, LED has become the most popular light source at
present. However, it is no longer considered to meet the application requirements, and the time that the light
flux decays to this level is considered to be the life of the LED. This paper introduces the approximate method
used to predict the lumen maintenance life of LED lamps. The experimental results obtained by the
approximate method are compared with the TM-21 standard. Eventually, it is concluded that the approximate
method provides more reliability information than the original TM-21 standard, and the obtained results are

more reference, more accurate and more reliable.

1 Introduction

In recent years, solid-state lighting has been widely used
in various fields of industry and life. As a new generation
of green light sources, light-emitting diodes (LEDs) have
high efficiency, long life, high stability, relatively
environmentally friendly (they do not contain mercury)
and power consumption. The low-level advantages have
opened up a new revolution in the field of lighting.['! With
the gradual expansion of the LED lamp application
market, LED has become one of the most important
lighting solutions in the current era, and the market
demand for LED lighting is energy-efficient and durable.
Therefore, how to accurately predict the life of LED
lamps has gradually attracted widespread attention. In
general, the lumen maintenance life (L,) is the most
suitable characteristic to measure the performance, life
and reliability of LED lighting,”! and most LED
manufacturers currently establish life prediction analysis
based on L7. Generally speaking, LED life refers to the
Ly life of general lighting.[3! L7 is calculated based on the
light output degradation time, which represents the time
when the LED lumen output drops from the initial value
to 70% (or the time when the lumen maintains a 30%
drop). Based on the lumens data of 6000 hours or more,
this article uses an approximate method to predict the life
of the LED. Firstly, use the NLS regression method to
perform curve fitting, predict the lumen maintenance life
of the LED according to the curve equation obtained by
the fitting. Then, use the approximation method to process
the data obtained by the fitting, carry out the analysis and
evaluation of the reliability of the LED. Therefore,
compare and discuss with approximate the evaluation
results of the method are compared and discussed the
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evaluation results of the approximation method with the
TM-21 standard prediction method.[*!

2 Basic method theory

2.1 NLS regression method

The NLS method is a parameter estimation method that
estimates the parameters of a nonlinear static model based
on the minimum sum of squares of errors ). The function
of the nonlinear combination of the model parameters
depends on one or more independent variables. Among
them, the observation data is obtained through function
modelling, and the data is fitted through successive
approximation methods. The specific steps of the NLS
regression method are as follows:

1) Normalize the luminous flux data of the LED and
select the average value to obtain the lumen maintenance
data of the sample.

2) Using the NLS regression method, according to
formula (1) to curve-fit the lumen maintenance data of the
LED.A subsubsection. The paragraph text follows on
from the subsubsection heading but should not be in italic.

@(x) = Pexp(-at) (1)

Among them, P(x) is the normalized average of the
luminous flux at time t, in other word, the lumen

maintenance rate. &, B are all curve fitting coefficients,
which are constants.

3) Perform logarithmic transformation of equation (1)
to obtain the LED lifetime prediction model:
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Among them, Lp is the lifetime when the lumen of the
LED maintains and decays to P% of the initial value
(P=70 is adopted in this study).

2.2 Approximation

The approximation method predicts the failure time of
each unit based on the general degradation model, and
projects the "pseudo"” failure time when the degradation
path reaches the critical failure threshold D¢l For the
general degradation path model, assume that the random
sample size is, and the measurement time is ¢, £, t3...t,.
The performance measurement of the i-t unit in the j-th
test is called i . Therefore, the degenerate path can be

expressed as a pair of time performance metrics (%, yi),
(tiz, vi2), (ti3, Vi3)y o5 (timi» Yimi), for i=1, 2, ..., n, mi
represents the test time point of each unit.

vi = D(tij;a; i) + €if

Dty o i) is the actual degraded path of unit i at
the measurement time #;.  is a fixed effect vector, and
the fixed effect of each unit remains same. &;j is a
random effect vector, which varies with different units,
representing the measurement error of unit i at time,
which is assumed to be a normal distribution with zero
mean and O variance.

The approximate method steps are as follows:

1) According to the data (fu, yir), (t2, yi2), (L3,
yi3) ..First, use the NLS method to estimate the
parameters of the degraded path model (fixed effect
parameters ¢ and random effect parameters /3 ).

2) Extrapolate the degeneration path model of each
element to the critical failure threshold D. When
D(tj;a; fi) = Dy, the time of "false" failure (non-
actual failure) of each unit can be predicted.

3) Fit the probability distribution of these "pseudo”
life data and estimate the relevant parameters of the
distribution.

4) Evaluate the reliability of the sample according to
the analysis reliability function R(z) and MTTF.

3 Basic theory of IES TM-21 standard

IES TM-21 is a lumen maintenance life prediction method
recommended according to the LM-80-08 report. The data
used in TM-21 is the data in the LM-80-08 report, and the
sample size set recommended by IES TM-21 The
minimum is 20. When the test duration D of the data in
the report is 6000 hours to 10000 hours, the data used for
curve fitting in the data set should be the last 5000 hours
of data. Readings before 1000 hours are not used for curve
fitting. For a data set with a test duration greater than
10,000 hours, the data after 50% of the overall

measurement duration are used for curve fitting. In other
words, the data between D/2 and D are all used for curve
fitting. For example, if the test duration is 13000 hours,
the data used should be measured between 6500 hours and
13000 hours. If there is no measurement data at point D/2,
the data at the next lower time point should be included in
the fitted data set. For example, if D is 13000 hours, data
is collected every 1000 hours, and the data between 6000
hours and 13000 hours is used as the fitting data.

4 Basic theory of IES TM-21 standard

4.1 NLS fitting results

The data in this article is derived from the LM-80-08
report. The data includes 6,000-hour test points (interval
time of 1,000 hours) for the lumen maintenance data’s 20
units of LED luminous flux. After the initial 1,000 hours,
the interval of 1,000 hours is used as a fitting data,
according to the NLS operation steps shown in section 1,
use the lumen maintenance data for each test time to use
the NLS method to fit the LED lumen decay curve. Figure
1 is the estimated lumen life L7 of a certain unit, and the
fitted curve parameter estimation and lumen life Ly
results are shown in Table 1.
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Fig 1. Lumen life L7 test chart.
Tablel.  Attenuation model parameter estimation and lumen
life L7o.
parameter o 1.0020
parameter L 2.9967*¢-6
Lumen life L7
(hrs) Lo 119703.61

Using the non-linear least squares method, the general
degraded path model of each unit is estimated, as shown
in Figure 2 (the left side is an enlargement of the right
box). Then, by extrapolating the model of each unit to the
critical failure threshold (light is reduced to 70%), the
"pseudo-life" is predicted, as shown in Table 2.
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Fig 2. Data degradation path.

Table2.  Degradation parameters and pseudo-lifetime of 20 units.

Unit number p Pseudo-life
1 2.34E-06 152863.58
2 2.66E-06 134701.19
3 3.08E-06 116262.74
4 2.39E-06 149746.29
5 2.74E-06 131375.51
6 3.25E-06 110578.73
7 2.57E-06 138901.17
8 3.14E-06 113836.32
9 2.68E-06 133108.298
10 3.06E-06 116993.78

Unit number Yo Pseudo-life
11 3.29E-06 109309.69
12 3.25E-06 109589.71
13 3.32E-06 107612.09
14 3.17E-06 113915.19
15 3.19E-06 112359.02
16 3.22E-06 112203.90
17 2.45E-06 144060.35
18 3.20E-06 113185.18
19 2.92E-06 122587.53
20 3.21E-06 112607.58

stability and high reliability. However, so far there is no
5 Conclusion standard method that can actually measure the full life of
LEDs. Therefore, how to accurately predict the lifetime of
highly reliable LEDs is very important. In order to further
promote the efficient and reasonable use of LEDs, this
article adopts an approximate method to predict and
analyse the lifetime of LED light-emitting devices. The

LED-based lighting is one of the most influential
technologies in the modern lighting era. LEDs have
gradually developed into the universal lighting
applications found so far, with a wide range of
applications, low cost, low energy consumption, high
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approximation method first fits the failure time of each
unit by using the NLS method, and then fits the failure
probability distribution model to obtain the general
degradation path model of the LED. Compared with the
results predicted by the TM-21 standard, the
approximation method can not only effectively provide
more information, but also provide the reliability of the
results, which will help developers to more easily decide
the market application range of LEDs with different
lifetimes.
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