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In order to minimize errors during the LED spectrum fitting process and achieve a closer match
between the fitted spectrum and the target spectrum, a method employing double Gaussian func-
tions for fitting is proposed. This approach, in comparison to the widely applied modified Gaussian
model, avoids issues such as sidelobe uplift when dealing with narrow-band LED spectra. It demon-
strates effective fitting for narrow-band LED spectra, exhibiting higher fitting accuracy at the bot-
tom of the spectrum compared to the simple Gaussian model. Moreover, this fitting method
introduces no additional fitting variables. The model is constructed by combining two Gaussian
functions with weighted summation, and optimizing the weighted coefficients of the two Gaussian
functions achieves the best fitting results. Finally, the proposed model is applied to fit various
LED spectra, yielding satisfactory results. The outcomes indicate that the overall fitting perfor-
mance of the double Gaussian model surpasses that of the Gaussian model and the modified
Gaussian model.
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1. Introduction

LED technology, characterized by its low cost, compact spectrum, and low power con-
sumption, has gained extensive applications. The utilization of LED spectra fitting, meet-
ing production and research requirements, has gradually become a research focus [1-3].
TsunNo et al. simulated solar spectra using LEDs, demonstrating higher efficiency and
longer usage periods compared to traditional light sources. KOLBERG et al. achieved
measurements close to real solar spectra using LED sources [4-6]. At present, optimi-
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zation algorithms enable fitting any target spectrum, as demonstrated by ZHu Jiy1, GAN
RUTING, and others [7-8]. These studies, centered around LED spectra, emphasize the
accurate representation of monochromatic LED spectral characteristics to enhance fit-
ting precision. Currently, Gaussian models and modified Gaussian models are the pri-
mary approaches for LED spectral fitting [9-12].

Gaussian model:

i—2 Y
S(A) = exp|-2.7726 (1)

)

Where S(4) is the normalized spectral distribution, 4, is the peak wavelength, and A4 is
the full width at half maximum (FWHM). Peak wavelength and FWHM are two crucial
parameters of the LED spectrum curve. Based on the radiation characteristics of
LED sources, there exists a wavelength corresponding to the peak radiation intensity,
known as the peak wavelength 4. It is generally determined by the level position of
the emitting center in the semiconductor material and represents the color of the LED.
The spectral FWHM is the difference between the wavelengths corresponding to the
two half-peak positions on the relative spectral distribution curve, indicating the spec-
tral purity of monochromatic LEDs. In the early stages of LED spectrum research,
Gaussian models were often used to fit the spectral curves [13]. However, due to sig-
nificant differences between the Gaussian model and the actual LED spectrum curve
at the bottom of the spectrum, researchers proposed a method using the modified
Gaussian model for fitting [ 14]. While the introduction of the modified Gaussian model
improved the accuracy of spectrum fitting to some extent, it also brought about a crit-
ical issue.

With the development of the LED industry, the production processes for LEDs with
excellent monochromaticity have matured. Higher monochromaticity implies a small-
er AL. When A/ becomes sufficiently small, the modified Gaussian model can no longer
effectively fit the LED spectrum. This is particularly evident in the problem of sidelobe
uplift in fitting narrow-band LEDs. To overcome this issue, this study proposes a meth-
od using the weighted fitting of two Gaussian functions [15-16]. The results indicate
that the dual Gaussian model can effectively fit any narrow-band LED spectrum with
high accuracy.

Modified Gaussian model:

A=y Y P
S(A) = exp(—3.2213{ MOJ exp£—0.3‘ — 0

AL

2. Sidelobe uplift issue in the modified Gaussian model spectrum

Taking the wavelength range as the abscissa from 380 to 780 nm and the FWHM as
the ordinate, with values ranging from 10 to 20 nm, normalized spectra were plotted
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Fig. 1. Simulation of LED Spectrum using the modified Gaussian model. Central wavelengths are respec-
tively set to (a) 400 nm, (b) 500 nm, (c) 600 nm, and (d) 700 nm.

for peak wavelengths of 400, 500, 600, and 700 nm. It can be observed that when the
peak wavelength is set to 400 nm (Fig. 1(a)), a problem of sidelobe uplift occurs in
the long wavelength range of 580 to 780 nm. In this range, there is an undesired spectral
distribution where the intensity should ideally be zero. This issue becomes more severe
when the FWHM is smaller and is alleviated as the FWHM increases. As the central
wavelength increases, sidelobe uplift gradually diminishes when the central wavelength
is set to 500, 600, and 700 nm (Figs. 1(b)—(d)). However, when the central wavelength
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is set to 700 nm (Fig. 1(d)), sidelobe uplift appears in the short wavelength range of
380 to 480 nm. Additionally, in Fig. 1(d), when the FWHM is set to 10—15 nm, an un-
desired spectral distribution is observed where it should not exist.

The modified Gaussian model S(4) is conceived as an even function Sy(4) initially
translated along the horizontal axis by 4, and then stretched by a factor of AL. Sy(4) is
as follows:

S,(7) = exp(—3.2213(/1)2exp(—0.3 1] )) 3)

Obviously, the modified Gaussian model exhibits a symmetrical distribution about
the central wavelength 4,. Within the real number range, this function possesses one
maximum (4, 1) and two minima.

To facilitate the determination of the coordinates corresponding to the minima, we
take the natural logarithm of the function S(4).

Letting (1) = In[S(1)], then

J “4)

L2y ) A=A
S(G) = I[S(A)] = -3.2213| —=— exp 0.3‘ 0

Resulting in its derivative:
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Fig. 2. The explanation for the sidelobe uplift in the modified Gaussian model.

Using f'(1) = 0, we obtain

A= -2k (A <Ay

3 6)

Ay = Ag+ 23—0Ai 1y > 24)

For instance, when the central wavelength 4, = 700 nm and A4 = 15 nm, we obtain
Ay =600 nm and 4, = 800 nm, as depicted in Fig. 2. Notably, only 4, falls within the
wavelength range of 380-780 nm. For 4 < 4,, S(4) gradually increases, deviating from
the typical LED spectral characteristics. Conversely, 4, lies beyond the computed
range, indicated by the green region in Fig. 2. Thus, we only observe the sidelobe uplift
in the short wavelength range of 380 to 480 nm.

Similarly, when the central wavelength 4y = 400 nm, 500 nm, etc., the function’s
axis of symmetry shifts towards shorter wavelengths. At this juncture, the sidelobe up-
lift manifests in the long wavelength range.

From the above analysis, it is evident that when using the modified Gaussian model,
there is a sidelobe uplift issue in the spectral distribution, particularly when the FWHM
A is small, corresponding to narrow-band LEDs. In such cases, the model fails to ac-
curately describe the spectral distribution of LEDs. Figure 3 illustrates the spectral dis-
tribution when the peak wavelength is set to 400 nm, and FWHM values are 25, 20,
18, and 15 nm. It can be observed that when A1 is less than 25 nm, there are significant
errors in the long-wavelength spectrum.

Figure 4 presents the spectral distribution when the peak wavelengths are set to 500,
450,400, and 380 nm, with an FWHM of 18 nm. When the central wavelength A shifts
towards shorter wavelengths, sidelobe uplift appears in the long wavelength range (high-
lighted by red ellipses in the figure). For example, when 4, is respectively set to 450,
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Fig. 3. Simulation of different LED spectra with varying FWHM using the modified Gaussian model.
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Fig. 4. Simulation of different LED spectra with varying peak wavelength using the modified Gaussian
model.

400, and 380 nm, the LED spectrum exhibits uplift between 700 and 800 nm. Conversely,
as the central wavelength shifts towards longer wavelengths, sidelobe uplift occurs in
the short wavelength range (highlighted by blue ellipses in the figure). For instance,
when / is respectively set to 720, 750, and 780 nm, the LED spectrum experiences
uplift between 380 and 480 nm. Only within the range of 450 nm < 4, < 720 nm does
the effect of sidelobe uplift on the spectrum remain minimal, as illustrated by the red
line in the figure corresponding to 4, is 500 nm.

3. Dual Gaussian model

Five types of LEDs were randomly selected and their spectral distributions were meas-
ured in a 25°C environment. The central wavelength and FWHM of the LEDs are shown
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Table 1. LED spectrum parameters.

Parameter LEDI1 LED2 LED3 LED4 LEDS
Central wavelength [nm] 463.3 527.7 571.8 625.5 641.7
FWHM [nm] 24.7 32.6 18.6 18.2 18.7

Table 2. Fitting coefficients of the dual Gaussian model for LED spectra (from Table 1).

Fitting coefficients LED1 LED2 LED3 LED4 LEDS Mean

Weight o 0.6339 0.6705 0.7639 0.7494 0.7204 0.7076
Coefficient f, 4.4358 4.4561 3.8920 3.8533 4.2287 4.1732
Coefficient f, 0.9391 0.9764 0.8150 0.8555 0.7872 0.8746
Residual & 0.0434 0.3536 0.0740 0.0947 0.2532 0.1560

Note: a represents the weights, /3| is the coefficient of the first Gaussian function, f, is the coefficient of
the second Gaussian function, and the residual ¢ for each LED spectrum, respectively. The “Mean” column
provides the average values across all LEDs.

in Table 1. Spectral fitting was conducted using a dual Gaussian model. The model is
expressed as follows.
Dual Gaussian model:

S() = aexp{—ﬂl(l;jo ﬂ e —a)exp[—ﬂz(igjo ﬂ )

From the averaged fitting coefficients in Table 2, it is observed that the mean values
for the weight a, coefficient £, and coefficient $, are 0.7076, 4.1732, and 0.8746, re-
spectively. Using these mean coefficients as the fitting parameters for the dual Gaussian
model, a re-fitting was performed on the five types of LEDs. The results were then
compared with two other models, and the fitting results and error distributions are pre-
sented in Fig. 5. The left panel shows the fitting results of the measured LED values
with the three models, while the right panel displays the absolute errors between the
measured values and the fitted results. The method for calculating the absolute errors
is as follows:

Absolute error = |Measured value — Fitted value| (8)

Due to the asymmetrical distribution of LED spectra around the peak wavelength,
all three models exhibit some degree of error at the bottom of the spectra. The modified
Gaussian model reduces errors at the bottom of the spectrum to some extent but intro-
duces sidelobe uplift issues for narrow-band LEDs. The dual Gaussian model, utilizing
the weighted combination of two Gaussian functions, reduces errors at the bottom of
the LED spectrum and simultaneously addresses the sidelobe uplift issue seen in the
modified Gaussian model. As shown in the error distribution in Fig. 5, among the three



Jianxiao Liv et al.

360
Fitting results and absolute error for LED1 spectrum
1 . . . 0.12 : 3 .
09} 1 1
——Measurement * |+ Gaussian Model
+ Gaussian Madel 01 1
08+ aussian Model 1 | Modified Gaussian Model
2 Modified Gaussian Model * 3
€07 This Paper , 5 j‘ - This Paper
3 Loos ‘
o] - i
30.6 1 o
a s a
BO05 1 g 0.06 ¥
2 E *
04 i |
& % 0.04 | ti
s} I A
Z03 ] 2 4
T
02 1 \
0.02 i,,;
0.1 b S 1
M - %&* L
Q¢ . [}
400 450 500 550 600 400 500 550 600
Adnm Afnm
Fitting results and absolute error for LED2 spectrum
1 ! . 015 : . . : .
—— Measurement &
08¢ + Gaussian Model —* Gaussian Model T*
) Modified Gaussian Model 4‘;
08 Modified Gaussian Model - This Paper 4“ i
- This Paper t
a7l 5 o
B m 91 :!' £t
806 T g ny
Q05 3 gt 1 !
T US[ | (] [} |
g $ |
[} - =1
E 04 3
[} @ 0.05
Z03 =
021 /
01} 1
0 - %\N o Ve
400 450 500 550 600 650 700 400 450
Afnm
Fitting results and absolute error for LED3 spectrum
1 T T T 0.12 T
—— Measurement —+—Gaussian Model
091 | . Gaussian Model Modified Gaussian Model
Modified Gaussian Madel 0.1 This Paper g
081 | . 1his Paper I ¥
EO7} 1 5 t 1
2 1 008 + 4
Bos| 5 ; ‘
o
- E 0.06 f
T 05 o 0. \
ks ® 2 2
] ] ¥ L
E 04 1 3 f
5 @ 004 $ | \
Z03f 2 ¥ \
F ; ¢ \
03 f \
002- § \
" 7 j \\
i
0 0 1 G S
450 500 550 600 650 450 500 550 650
A nm A f nm



Optimizing LED spectrum fitting...

Fitting results and absolute error for LED4 spectrum

e
~

g
@

Normallzed Spectrum
o o
h

—Measurement
* Gaussian Model
Modified Gaussian Model
- This Paper

700

750

012

361

01

=4
o
=]

Absolute Valus of Error
=
<o

0.02

| —+—Gaussian Model
T Maodified Gaussian Model

+
} | — This Paper
[a*
1)
4 {
gr
s S
# | 1 ) !
) I SN
r |\ HIT
¥ f
¥ ! 41 |
i ol
I 17 ¢
i1 te |
AL
| tx
WA \
43, N \% )
Wl i N
600 650 700 750
Afnm

Fitting results and absolute error for LED5S spectrum

Normallzed Spectrum
e & o ©o o o
N oW ox W B W
- :

o
5

(=]

——Measurement
* Gaussian Model
Modified Gaussian Model
This Paper

i

l

——,

g

Fig. 5. LED spectrum fitting and error distribution.

Afnm

600

0.16

014

0.12

Abeolute Value of Error
=
o

0.02

—+—Gaussian Model
Modified Gaussian Model
—— This Paper

fitting models, the simple Gaussian model has the highest error, followed by the mod-
ified Gaussian model, while the dual Gaussian model exhibits the smallest errors.
The fitting results and errors distribution of the three spectral models in Fig. 5 in-
dicate that the fitting results using the dual Gaussian model are overall superior to the
other two spectral models. Figure 6 illustrates the LED spectra simulated using the dual
Gaussian model. The central wavelengths are set to 400 and 700 nm, with FWHM A4
values ranging from 10 to 20 nm. It can be observed from the figure that when the cen-
tral wavelength is close to the sidelobes, the dual Gaussian model does not exhibit the
sidelobe uplift issue seen in the modified Gaussian model.
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Fig. 6. LED spectra simulated using the dual Gaussian model with central wavelengths at 400 and 700 nm.

4. Conclusion

This paper introduces a novel LED spectrum fitting model that, overall, outperforms
the widely used modified Gaussian model in terms of fitting accuracy. The proposed
model tackles sidelobe elevation observed in the long-wavelength band when the cen-
tral wavelength shifts to shorter wavelengths. Similarly, it addresses the sidelobe ele-
vation in the short-wavelength band when the central wavelength shifts to longer
wavelengths. By fitting the spectra of five randomly selected LEDs, parameters for
the dual Gaussian model were obtained. The simplicity and computational efficiency
of this model make it particularly suitable for fitting narrow-band LED spectra. It is
recommended for broader application in engineering practices involving spectrum fit-
ting and related areas.
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