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We proposed a scheme for designing an optical launch system that can make the light intensity more uniform on the receiving
plane via a compound eye lens combined with a sunflower plano-convex lens. )e simulation results demonstrate that the light
converges on the optical axis after passing through the sunflower-shaped plano-convex lens array and compound eye lens. )e
divergence angle and central light intensity of the receiving plane are, respectively, 26.57° and 80.50% of the total emitted light
power for the array structure of the compact compound eye plano-convex lens, while those are 21.80° and 62.50% for the discrete
compound eye lens. From the above results, it can be seen that the compact compound eye lens is more conducive to the uniform
distribution of light intensity on the receiving plane compared with the discrete compound eye lens, taking into account the dual
application of illumination and communication.

1. Introduction

Visible light communication (VLC) technology is an
emerging wireless optical communication technology de-
veloped on the white light emitting diode (LED) technology
[1–4]. It uses LEDs to send out high-speed light and dark
flashing signals that are difficult to distinguish with the
naked eye to transmit information [5]. It can realize the
functions of lighting and communication at the same time.
Compared with traditional radio frequency communication
and other wireless communication systems, visible light
communication does not require radio spectrum authori-
zation and has the advantages of good confidentiality, high
transmission power, fast transmission speed, and no elec-
tromagnetic radiation and interference [6, 7]. )e key
technologies of visible light communication include the
selection and layout of light sources, signal modulation and
demodulation, signal propagation, and reception of weak
light signals [8]. For the control of the emission angle of the
LED light source in the emission module of the visible light
communication system, a lens is usually used.

With the gradual deepening of the research on visible
light communication technology, researchers found that the
communication performance of the optical receiving system
in a special environment is limited [9]. For example, the
background light interference of the outdoor channel en-
vironment is relatively strong, the transmission error rate of
optical communication equipment in a mobile state is high,
the traditional optical receiver collects less light, the field of
view is small, and the superposition of the channel and
conditioning circuit noise seriously affects system perfor-
mance [10]. )e research and development direction of the
optical lens at the receiving end of the visible light com-
munication system is small size, light weight, short focal
length, high concentration efficiency, large field of view, etc.
[11, 12]. )erefore, the design and optimization of the lens
are very important. A common method is to use a com-
bination of convex lenses to condense light, but the required
lens group is relatively large in actual applications, which is
not conducive to integration [13]. For the high-speed, long-
distance, and easy-to-use underwater wireless optical
communication system that requires a relatively high degree
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of integration [14], it is necessary to design a lens group with
a smaller volume and a higher light collection efficiency [15].

)e compound eye is a kind of visual imaging method
widely existing in nature. It has the advantages of large field
of view, three-dimensional imaging, small aberrations, and
miniaturization of the imaging system [16–18]. In this paper,
the optimal design of the optical lens at the transmitting end
of the visible light communication system is studied. )e
main research contents include designing a compound eye
lens for the transmitting lens in the visible light commu-
nication system, changing the structure parameters of the
compound eye lens, using the ray-tracing method to study
its light collection efficiency and emission angle, and opti-
mizing the design of the lens structure and parameters.
Based on plano-convex microlenses, a compound eye plano-
convex lens is designed. )rough theoretical modeling, the
lens structure parameters are optimized. )e flat compound
eye lens can be used as a transmitting lens in a visible light
communication system, which reduces the requirements for
the layout of the light source array.

2. Design of the Sunflower-Shaped Lens Array

For the simulation design of the sunflower-shaped 9-lamp
bead LED array, it is planned to use a microlens array or a
conventional lens on the sunflower-shaped 9-lamp bead
LED array light board for primary light collection and then
use a sunflower-shaped lens array for secondary light col-
lection, and the lens optimizes the design to reduce the
volume of the lens group while achieving high emission
power and small emission angle, so as to adapt to the oc-
casion with a higher degree of integration. Figure 1 shows
the structure of the LED array and lens array. )e package
size of the LED lamp in the LED array is 3mm× 3mm, and
the thickness of the microlens is 1.5mm.)e diameter of the
designed lens array plate is 106mm, and the thickness of the
bottom plate is 2.5mm. )e radius of curvature of the front
surface of the central lens is 17.1mm, and the radius of
curvature of the front surface of the outer lens is 16.6mm.

3. Modeling and Simulation of Compound
Eye Lens

In the simulation system, the sunflower-shaped lens array is
simulated and analyzed by TracePro. )e material of the
compound eye lens is polymethyl methacrylate (PMMA).
)e center position of the LED array light board is used as
the origin of the coordinates of the XY plane. )e luminous
flux of each LED is set to 1watt, the light transmission
distance is 50 cm, and the size of the detector’s receiving
surface is 50 cm× 50 cm square plane. Figure 2 is the effect
diagram obtained by ray tracing the sunflower-shaped lens
array.

Figure 3 is the total-irradiance map diagram of the re-
ceiving surface of the sunflower-shaped plano-convex lens
array. It can be seen from the figure that the light converges
on the optical axis after passing through the sunflower-

shaped plano-convex lens array, the light collection effi-
ciency reaches 91.75%, and the divergence angle is greater
than 11.31°. It shows that the sunflower-shaped plano-
convex lens array can achieve better light convergence effect.

In the visible light communication system, in order to
meet the application requirements of both lighting and
communication, in the design of the lens array, we need to
make the light distribution uniform while ensuring that
the receiving end has sufficient light intensity. In this
work, we designed a compound eye lens for the visible
light communication system. Figure 4 shows the array
structure diagram of a compound eye plano-convex lens
and the ray-tracing renderings of the sunflower-shaped
lens array and compound eye plano-convex lens. )e
design substrate diameter is 110mm, the number of lenses
in the compound eye lens array is 37, and the radius of
curvature is 10mm. )e luminous flux of each LED is also
set to 1 watt, the light transmission distance is 50 cm, and
the size of the detector’s receiving surface is 50 cm × 50 cm
square plane.

Figure 5 gives the total-irradiance map diagram of the
receiving surface of the compound eye plano-convex lens
and sunflower-shaped plano-convex lens array. It can be
seen that the light converges on the optical axis after passing
through the sunflower-shaped plano-convex lens array and
compound eye lens. )e light collection efficiency falls to
42.35%. )e divergence angle is greater than 26.57°. )e
central light intensity of the receiving plane ranges from
75.00% to 80.50% of the total emitted light power for the
array structure of the compact compound eye plano-convex
lens. Although part of the light converged by the sunflower
lens escapes the receiving range after being refracted by the
compound eye lens, the light distribution at the receiving
end is more uniform, which is more suitable for the ap-
plication scenario where multiple discrete receivers receive
simultaneously in multi-input multi-output (MIMO) visible
light communication.

In order to further research the influence of the number
of monocular lenses in the compound eye lens on the light
collection efficiency and divergence angle, we compared the
compound eye lens with 97 monocular lenses and 127
monocular lenses. Figure 6 gives the array structure diagram
of a compound eye plano-convex lens with 97 monocular
lenses and 127 monocular lenses. )e radius of curvature is
5mm. )e design substrate diameter is 110mm.

Figures 7 and 8 show the total-irradiance map diagram
of the receiving surface of the compound eye plano-convex
lens and sunflower-shaped plano-convex lens array when
the number of monocular lenses is 97 and 127. From
Figure 7, it is evident that the light collection efficiency when
the number of monocular lenses is 97 is 50.51% and the
divergence angle is greater than 21.80°. )e central light
intensity of the receiving plane is 62.50% of the total emitted
light power for the array structure of a compact compound
eye plano-convex lens. From Figure 8, it is evident that the
light collection efficiency when the number of monocular
lenses is 127 is only 41.57% and the divergence angle is
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Figure 1: )e structure of (a) LED array and (b) sunflower-shaped lens array.

Figure 2: )e effect diagram obtained by ray tracing the sunflower-shaped lens array.
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Figure 3: Total-irradiance map diagram of the receiving surface of the sunflower-shaped plano-convex lens array.
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Figure 5: Total-irradiance map diagram of the receiving surface of the compound eye plano-convex lens with 37 monocular lenses and
sunflower-shaped plano-convex lens array.
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Figure 4: (a) Array structure diagram of a compound eye plano-convex lens; (b) ray-tracing renderings of the sunflower-shaped lens array
and compound eye plano-convex lens.
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Figure 6: Array structure diagram of a compound eye plano-convex lens: (a) 97 monocular lenses with discrete distribution; (b) 127
monocular lenses with compact distribution.
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greater than 26.57°. From the light intensity distribution
diagram of the receiving plane, it can be seen that the light is
centered on the axis after the light emitted by the LED array
passes through the sunflower lens and the compound eye
plano-convex lens.

From Figures 5 and 8, the divergence angle and central
light intensity of the receiving plane of the array structure of
the compound eye lens, as shown in Figures 4(a) and 6(b),
are basically the same, approximately 26.57° and 75.00% to
80.50% of the total emitted light power. )e light collection
efficiency decreases slightly as the number of monocular
lenses increases, while the light is more evenly distributed on
the receiving plane. In Figure 7, the light collection efficiency
of the array structure of the compound eye lens as shown in
Figure 6(a) is higher than that in Figures 4(a) and 6(b), but
the light intensity distribution in the receiving plane is not
uniform enough.)e results show that the application of the

compound eye lens as the array structure of the compound
eye lens as shown in Figures 4(a) and 6(b) is beneficial for
taking into account lighting application and the MIMO-
VLC system.

4. Conclusion

In this paper, we designed two types of compound eye lens
combined with the sunflower plano-convex lens for lighting
application and MIMO-VLC systems. )e simulation
demonstrated the light converges on the optical axis after
passing through the sunflower-shaped plano-convex lens
array and compound eye lens. From the results, the compact
compound eye lens is beneficial to the uniform distribution
of light intensity on the receiving plane compared with the
discrete compound eye lens, giving consideration to the
applications of illumination and communication.
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Figure 7: Total-irradiance map diagram of the receiving surface of the compound eye plano-convex lens with 97 monocular lenses and
sunflower-shaped plano-convex lens array.
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Figure 8: Total-irradiance map diagram of the receiving surface of the compound eye plano-convex lens with 127 monocular lenses and
sunflower-shaped plano-convex lens array.
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