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Abstract Micro-lens array method is one of the widely utilized approaches to realize beam homogenization. This
method can achieve large-area uniform spots in the focal plane by changing the focal power of the imaging lens.
Herein, the feasibility of the scattering imaging method is analyzed theoretically and experimentally. In order to
accurately measure the illuminance of spots in the focal plane, the mathematical relationship between the image gray
scale value and the illuminance of spots in the target plane is established using the Zhang Zhengyou's camera
calibration method, after considering the interfering factors such as the reflectivity of diffusing plate and the off-axial
angle of the camera. Bidirectional reflectance distribution function of the diffusing plate is experimentally calibrated.
The illuminance distributions of the homogenized spots in the focal plane and its vicinity are measured for the
principal integral lenses with two focal lengths. Experimental results show that when the focal lengths of the
integral lens are 300 mm and 500 mm respectively, the laser fluxes are roughly equal and the measured spot sizes are
basically consistent with the theoretical values in the target plane. By comparing the variation coefficients of spot
distributions in the defocus observation plane for these two cases, the optimal position to realize homogenized spot
distribution is obtained.
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Fig. 1 Schematic of laser beam passing through diffractive micro-lens array
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Fig. 2 Working principle of measuring system and coordinate system conversion. (a) Working principle of

measuring system; (b) coordinate system conversion
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Fig. 4 Experimental measurement results of BRDF for polytetrafluoroethylene plate.

(a) Initial measurement result; (b) interpolated result
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Table 1 Relationship between illuminance and gray scale before and after corresponding point mapping
Point Image Spatial coordinate / Illumination before map E / Illumination after map E'/ G |
‘ sray scale
No. coordinate mm (10° Wem %) (Wem?)
1 (664,535) (90,54) 1.2637 365.1803 141
2 (701,533) (99,54) 1.2191 352.2325 135
3 (813,528) (126,54) 1.2446 358.9836 138
4 (588,538) (72,54) 0.9899 286.0310 104
5 (550,540) (63,54) 0.8913 257.4279 90
6 (512,542) (54,54) 0.7257 209.5057 67
7 (474,543) (45,54) 0.5284 152.4238 43
8 (551,579 (63,63) 0.8594 248.1773 87
9 (552,618) (63,72) 0.9677 279.3102 92
10 (554,657) (63,81) 0.8499 245.1651 84
11 (556,696) (63,90) 0.7130 205.5152 66
12 (557,736) (63,99) 0.6525 187.8865 53
13 (558,736) (63,108) 0.4806 138.2259 32
14 (660,814) (63,117) 0.3597 103.2955 20
15 (661,853) (63,126) 0.2642 75.7499 10
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Fig. 5 Gray scale as a function of illuminance after mapping
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Table 2 Micro-lens parameters in experiment

Parameter Value
Lens size /(mm X mm) 0.11X0.11
Radius of curvature /mm 0.2
Dimension /(mmX mm X mm) 36X24X1
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Fig. 6 Spot illuminance distributions in focal plane when focal length of lens is 300 mm. (a) Three-dimensional

distribution; (b) one-dimensional distribution
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Fig. 7 Spot illuminance distributions in focal plane when focal length of lens is 500 mm. (a) Three-dimensional

distribution; (b) one-dimensional distribution
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Table 3 Spot parameters in focal plane under

different conditions

Focal length of lens / Luminous flux / Variation
mm W coefficient
300 4.89 0.214
500 4.93 0.283
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Fig. 8 Spot illuminance distributions in different defocus distances when focal length of lens is 300 mm.

(a) Defocus distance of 5 mm; (b) defocus distance of —5 mm
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Fig. 9 Spot illuminance distributions in different defocus distances when focal length of lens is 500 mm.

(a) Defocus distance of 5 mm; (b) defocus distance of —5 mm
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(a) Focal length of lens is 300 mm; (b) focal length of lens is 500 mm
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