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Design and Performance Analysis of Planar Concentrators as
Optical Antennas in Visible Light Communication
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Abstract Optical antenna for indoor visible light communication has such problems as small field of view, non-
uniformity of the irradiance distribution at the receiver, and low received power under the low power light source
condition. We design a planar concentrator as an optical antenna and establish a gain theory. We establish a visible
light communication system model based on planar concentrators in a 5 m X5 m X3 m room, which use a planar
concentrator with a field of view of 50° as an optical antenna. The simulation results show that the received average

powers after using the concentrator in the direct link channel and the non-direct link channel are increased by
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16.2411 dBm and 16.4956 dBm compared with that under the direct detection.
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Fig. 1 (a) Side view, (b) top view, and

(c¢) three-dimensional view of the master collector structure
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Table 1 Key design parameters of planar concentrator with a field of view of 40°

Radius curvature of Parabolic Collector Collector Lightguide  Lightguide Field of Coll
“ollector
the collector coefficient width height length thickness view )
B material
o /mm a D /mm h /mm lw /mm w /mm Omax /(%)
—34 0.021 5 42 600 2 40 PMMA
F# 2 LEDGEM RIS
Table 2 Design parameters of the LED light source
LED size LED power Color temperature
Ray distribution Simulation rays amount
S. /mm’ P, /W T /K
Lambertian 1 1 4500 100000
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Table 3 Parameters and gain values of planar concentrator in different fields of view

Field of Parabolic Collector Lightguide Rays Rays amount Gain
view coefficient height length amount (without
O/ () o /mm h /mm [./mm (with collector) collector) &0
0 o0 42 600 39900 144 277
10 —52 42 600 2562 61 42
20 —46 42 600 3762 209 18
30 —39 42 600 2540 324 7.84
40 —34 42 600 1457 396 3.68
50 —30 42 600 761 435 1.75
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Fig. 9 Gain of the planar concentrators as optical antenna in

different fields of view
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Table 4 Distribution of received power in LOS using the planar concentrators with different fields of view

) Field of view Minimal received power =~ Maximal received power  Average received power
Type of optical antenna

Omax /() P /W P /W P /W
Without collector —9.9431 —3.1408 —4.5137
10 —w 21.4318 0.3796
Planar concentrator 30 - 231988 3.5864
50 —10.0432 23.1956 11.7274
70 16.0327 20.0046 18.1684
2% e RS RE 2 — R TR L B NLOS {538 T . SR BT 25 0
s (0) = %pdswa“cos” Bscos 0y 08 yun g (0)g (@ Dcos 0., 0 0. << 0, ’ 22
0, 0 > 0

o od, ALK BIREREAT B BE R d, N %
Tﬁq&%g{]ﬂﬁ%‘i dSwallﬂ‘j%EEg%’&ﬁE E;ewalllﬂ‘jﬁlﬁ Pr :J PsdgNL()S(O)7 (23)
LR AHXE T 55 BE A9 NG5 1 B 5 0 OG22 3o 80 BE S S

wall

b R AR AR o D R S S I A i T R

0406004-8



ot % % i

ARG BAER IR K i abD=. a3 oL EHFH NLOS

S

wall K35 iR,

-:s,% A : E é
i i
= E 3 E

Do
—

Received
power /dBm

— e = = DD
R N 0 © S

0
«Z"/III ~2

\]
-4 -2 y [

P11 NLOS{FE NI ESMH . () AERARGE;
(b, (o) (D (O JHHIZ A 4300 107, 30°, 50°, 707K F- AR B L &%

Fig. 11 Distribution of received power in NLOS. (a) Without concentrator; (b) using a planar concentrator of
the field of 10° view; (c) using a planar concentrator of the field of 30° view; (d) using a planar concentrator of
the field of 50° view; (e) using a planar concentrator of the field of 70° view
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Table 5 Distribution of received power of the planar concentrators in different fields of view in NLOS

Field of view Minimal received power

) Maximal received power  Average received power
Type of optical antenna

Omax /(D) P /W P /W P.. /W
Without collector —9.7876 —3.2394 —4.1547
10 — 21.9105 0.8863
30 — o 23.9054 4.3167
Planar concentrator
50 —9.9481 24.0064 12.3409
70 16.0547 20.1794 18.9534
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