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Abstract  Homologous dual-light-path visibility instrument is a visibility instrument based on digital camera
method. The brightness of the light source obtained by the CCD sensor is an important part of the spot extraction
algorithm and the visibility inversion model. The background light noise seriouly affects accuracy of visibility
inversion. Aiming at the large error of visibility inversion under complex background light disturbance, we use the
amplitude modulation method to redesign the modulated light source, and demodulate the CCD image so that the
background light is eliminated effectively. The experimental results show that the light source amplitude modulation
method can effectively remove the background light, the random noise, and the dark noise of the camera. When the
modulation points are within 32 to 128, the image denoising effect is good and the peak signal-noise-ratio (PSNR) of
the speckle image after denoising is greater than 30. In this modulation point range, the larger the number of
modulation is, the larger the PSNR is and the smaller the root mean square error is. Inversion accuracy of the
visibility is greatly improved in the range of the above modulation points, which means that the amplitude
modulation method can significantly improve the accuracy of visibility inversion.
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Fig. 1 Schematic of homologous
dual-optical-path visibility instrument
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Fig. 2 Schematic of modulation system
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Fig. 3 Schematic of modulation hardware
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Table 1 Results of quality assessment
Modulation method Resw /dB Evse /m
Day time Night time Day time Night time
Sine wave with 16 points 34.0706 35.4971 25.4693 18.3389
Sine wave with 32 points 35.3293 36.1516 19.0614 15.7732
Sine wave with 64 points 37.1116 38.4386 12.6451 9.3159
Sine wave with 128 points 39.6679 39.5960 7.0193 7.1364
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Fig. 11 Low and medium visibility contrast chart in nighttime
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Table 2 Comparison between homologous double light path and LLT31 data
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Modulation method - - - - - -
Day time Night time Day time Night time

Raw (not modulated) 5860.9 1912.7 0.36 0.71
Sine wave with 16 points 978.6 802.1 0.88 0.85
Sine wave with 32 points 855.7 725.6 0.89 0.91
Sine wave with 64 points 835.3 692.5 0.91 0.95
Sine wave with 128 points 512.4 629.7 0.95 0.96
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