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Speckle Suppression Method with Vibrating Light Pipe
Sun Mingjie Yu Kanglong Meng Zhaokui
(School of Instrumentation Science and Opto-Electronics Engineering, Beihang University,
Beijing 100191, China)

Abstract Speckle effect severely affects the laser projection image quality, therefore it needs to be suppressed. A speckle
suppression method with a vibrating light pipe is proposed. It is theoretically analyzed, and the effectiveness is verified by
simulations and experiments. Experiments are performed with two typical laser sources. The results show that, with the
proposed method, no additional reforming lens is necessary for efficient rectangular illumination, which reduces the system
size; the vibrating light pipe method can effectively reduce the speckle contrast to less than 6 % , which is not recognizable to
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human eyes; the illumination efficiency of the speckle suppression system is above 90 % .
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Fig.1 (a) Experimental result and (b) general

configuration of energy losses of rotating pipe illumination
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Fig. 2 General configuration of the vibrating light pipe system
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Fig. 5 Simulation images of vertical vibrating speckle patterns with different deformations
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Fig. 6 Simulation images of horizontal vibrating speckle patterns with different deformations
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Table 1 Parameters of vertical simulation figures

Fig. 5(a) 5(b) 5(c) 5(d) 5(e) 5(D 5(g) 5(h) 5(1) 5(@)
Fow/N 0 2.8 5.7 8.5 11.3 14.2 17.0 19.8 22.7 25.5

Winge / M 0 77.7 155.5 233.2 310.9 388.7 466. 4 544.1 621.9 699. 6
Speckle contrast /% 83.7 46.9 28.4 17.1 9.4 5.4 3.3 1.7 0.6 0.4
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Table 2 Parameters of horizontal simulation figures

Fig. 6(a) 6(b) 6(c) 6(d) 6(e) 6(D 6(g) 6(h) 6(1) 6())
F.../N 0 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6 10. 8

Wingx / 1M 0 103. 6 207.3 310.9 414.6 518. 2 621.9 725.5 829.2 932.8
Speckle contrast /% 83.7 46. 6 28.1 16.6 10. 5 6.1 2.9 2.2 0.7 0.4
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Fig. 8 Experimental results of images before and after speckle suppression using a vibrating light pipe. (a) Speckle image

with He-Ne laser; (b) speckle-free image with He-Ne laser; (c¢) speckle image with DPL; (d) speckle-free image with DPL
#3 EWMEBGHSEK

Table 3 Parameters of experimental images

He-Ne

DPL

with a vibrating

without a light pipe

. ) ) with a vibrating
without a light pipe

light pipe light pipe
Speckle contrast /% 47.23 .96 40.62 4. 87
Ilumination efficiency /% 90. 87 90. 14
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