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Abstract
To address the interference of sunlight with machine vision imaging, this paper proposes a near-
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infrared machine vision detection method based on the spectral characteristics of sunlight. By lever-
aging the absorption properties of the atmosphere in the near-infrared band, the method can effec-
tively suppress the interference of sunlight on the imaging system through the careful selection of
illumination sources, narrow-band optical filters, and industrial cameras operating in specific wave-
lengths. Specifically, it utilizes atmospheric absorption to reduce solar background noise within the
working waveband, while employing optical filtering to block solar radiation in other bands, thereby
improving imaging quality and detection reliability. Experiments demonstrate that under direct
sunlight, this approach effectively mitigates uneven illumination and background noise, producing
clear images with well-defined contours. The exposure time analysis provides further evidence that
an image Signal-to-Noise Ratio (SNR) greater than 20 under sunlight interference can be achieved
by controlling the exposure time within 1521 ps. This study provides an effective hardware-based
solution for achieving stable and low-cost machine vision detection in complex outdoor lighting en-
vironments.
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Figure 1. Ground-based measured solar spectral irradiance
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Figure 2. Transmission spectrum of the narrowband filter (red) and solar radiation spectrum near the 940 nm absorption valley
(blue)
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Figure 3. Experimental system
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Figure 4. Workpiece images under ordinary light source illumination without filtering (ai~d:) and their optimal binarization
results (ax~d2)
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Figure 5. Workpiece images under 940 nm wavelength infrared illumination with filtering (ai~di) and their optimal binariza-
tion results (a2~d>)
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Figure 6. Solar background images with filtering and without additional light source, at exposure times of 529, 1024, 1521,
2025, 3025, 4096, 6084, 8100, and 10,000 ps respectively
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Figure 7. Gray-value distribution along the vertical axis for the images in Figure 6. The location of the axis is shown by the

red line in Figure 6(a)
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Figure 8. Workpiece images under 940 nm wavelength illumination with filtering, at exposure times of 529, 1024, 1521, 2025,
3025, 4096, 6084, 8100, and 10,000 ps, with light source power of 150, 150, 88, 65, 47, 41, 29, 24, and 18 W respectively
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Figure 9. Gray-value distribution along the vertical axis for the images in Figure 8. The location
of the axis is shown by the red line in Figure 8(a)
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