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In this paper, a freeform reflector is designed for low road lighting. In the case of low road lighting, which requires light
distribution over a wide lane compared to the height, it is difficult to match uniformity, compared to existing road lighting. To
satisfy road lighting grade M3, the reflector was divided into nine parts, and the inclination of the reflecting surface was changed
to have the desired light distribution. The fitted curves were drawn based on each point, following the formula that was derived.
Through the Street Light Simulation of LightTools, we confirmed that it meets the M3 road lighting standard; we then made
it directly and satisfied the lighting grade on an actual road, proving the validity of the design result.
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Table 1. Standard target lighting class

Target lighting class | Lighting interval Lighting height

Lane width
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Uo Ui

M3 2 m 1 m
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Fig. 1. Law of reflection.

Fig. 2. YZ plane ray direction according to curvature change.
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Fig. 3. Front intensity according to curvature change.
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Table 2. Design result of spherical reflector in standard target lighting class

Lighting interval Lighting installation angle

The presence or

Electrical ener
& absence of obstacle

2 m 0° 1120 Im X
Lighting height 1 m / Lateral distance 7 m
Lavg Uo Ui
Observer 1 Observer 2 Observer 1 Observer 2 Observer 1 Observer 2
1.321 1.33 0.379 0.377 0.802 0.843

Fig. 5. Bottom illuminance simulation of spherical reflector array.
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Fig. 6. Part division of spherical reflector.
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Fig. 7. Bottom illuminance analysis of spherical reflector in part.
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Fig. 8. Placement of road light distribution.
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Table 3. Freefrom reflector tilt value by part

Part Gradient
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Fig. 9. Curve design of freeform reflector using fitted curve function.
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Fig. 10. Freeform reflector using swept function in LightTools: (a) yz plane, (b) Isometric view.
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Fig. 11. Bottom illuminance analysis of freeform reflector in part.
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Table 4. Design result of freeform reflector in standard target lighting class
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Lighting interval

Lighting installation angle

Electrical energy

The presence or
Absence of obstacle

2 m 0° 1120 Im X
Lighting height 1 m / Lateral distance 7 m
Lavg Uo Ui
Observer 1 Observer 2 Observer 1 Observer 2 Observer 1 Observer 2
1.92 1.921 0.711 0.719 0.814 0.93

L 4 3. 0. 0. 0.0.0.0.1

Fig. 12. Bottom illuminance simulation of freefrom reflector array.
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Fig. 13. Manufactured freeform reflector and application in road.

Table 5. Performance evaluation result of manufactured freeform reflector

1 2 3 4 Comparison
Measured value - —
1 lane (1/4) | 1 lane (1/2) | 2 lane (1/4) | 2 lane (1/2) Lavg Uo Ui Target lighting class
Lavg 1.553 1.660 1.635 1.635 1.656 M2~M3
Lighting
. Lavg 0.494 0.431 0.473 0.433 0.431 MI1~M3
interval 2 m
Lavg 0.667 0.600 M3
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