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Abstract The large angle deflection of light causes such problems as the high Fresnel loss and the poor luminous
intensity uniformity. To solve these problems, a design algorithm of double freeform surface lens, which is based
on the optimal double deflection energy mapping and the multi-parameter optimized Bézier curve, is proposed.
Guided by this algorithm, a double freeform surface lens based on the light emitting diode (LED) of chip on broad
(COB) is proposed, and it can be used for the optical transmitting end of visible light communication systems. To
reduce the Fresnel loss, we use the large-emission area COB LED as light source, and control the ratio of incident
light deflection angles of freeform surface lens’s inner and outer surfaces. Double freeform surface lenses, with

large angle uniform luminous intensity distribution and with irritation angles of 180° and 260° respectively, are
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constructed. The luminous intensity uniformity of the lenses reaches up to 0.92 and 0.90 respectively, and the light
utilization efficiency of the lenses reaches up to 89.4% and 85.9% respectively. The optical properties of the single
freeform surface lens and the double freeform surface lens are compared. For the single freeform surface lens, light
distribution with high luminous intensity uniformity over 0.85 and high light utilization efficiency over 0.85 can be
achieved when the irritation angle varies in the range from 120° to 180°. For the double freeform lens with the same
luminous intensity uniformity and light utilization efficiency, the irritation angle varies in a broader range from 100°
to 260°. This study indicates that the double freeform surface lens can realize uniform light intensity distribution
with broad irritation angle, and it can satisfy the light distribution requirements of optical transmitting end in visible
light communication systems.

Key words  optical design; visible light communication; double freeform surface lens; Fresnel loss; uniform
luminous intensity
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Table 1 Correspondence of optimal deflection coefficient and half irritation angle

Zone  Half irritation angle By, /(%) Optimal deflection coefficient k& Satisfied condition
1 61~107 0~1
11 42~61 0.540.0264 X (Bax —42) Luminous intensity uniformity is higher than 0.9
111 107~132 0.5£0.02X (Brax —132) Light utilization efficiency is higher than 0.85
v 0~42 or 132~180 None
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Fig. 6 (a) Three-dimensional diagram of optimal model; (b) contour lines of initial model and optimal model

2 PRI R B A AR R BB B 2 KL

Table 2 Lens parameters of initial model and optimal model

Parameter
Model by / Zhp / Thag / Ly / ‘am ‘ / Pan / ‘a,m ‘ / Pans / ‘am ‘ / Pag, / ‘am ‘ / Pags /
mm mm mm mm mm @) mm (@) mm (@) mm )
Initial 11.50 12.30 7.50 14.74 5.90 89.3 5.10 0 6.90 89.1 7.25 —3.3
Optimal  10.27 11.30 7.50 16.39 5.61 103.3 4.35 —2.2 6.26 101.2 7.33 —4.7
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Fig. 7 (a) Light distribution curves of initial model and optimal model; (b) light distribution curves based on

extended source and CXA1816 COB LED (the luminous intensity unit is cd/klm)
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Fig. 8 (a) Three-dimensional diagram of optimal model; (b) contour lines of initial model and optimal model
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Table 3 Lens parameters of initial model and optimal model

Parameter

Model =y /=y, /[ wey / wey ) oz ) lag |/ e/ lag |/ e,/ lag |/ e,/ lag |/ g,/

mm mm mm mm mm mm @) mm (@) mm (@) mm )
Initial 34.5 35.3 7.6 64.5 —20.8 18.0 89.8 16.5 59.4 31.6 89.3 30.5 —12.3
Optimal 35.1 36.8 7.6 74.6 —14.4 11.3 96.8 18.5 36.5 27.3 98.6 35.4 —26.5
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Fig. 9 Light distribution curves of initial model and optimal model (the luminous intensity unit is cd/klm)
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Fig. 10 (a) Combination of inner-lens and outer-lens; (b) combination of two half-lenses
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Fig. 11 Variation in luminous intensity uniformity and light utilization efficiency with deflection coefficient.

(a) Half irritation angle of 90°; (b) half irritation angle of 120°
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Fig. 12 Variation in (a) luminous intensity uniformity and (b) light utilization efficiency with irritation angle
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