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Abstract In this study, to address the issue of imaging distortion that occurs when visual measurements are applied in
inhomogeneous refractive index environments, an inhomogeneous refractive index field produced in the inhomogeneous
temperature field is developed, and the trajectory of light in the refractive index field is investigated, and the image
distortion is corrected according to the trajectory’s deviation. The spatial refractive index field produced using the
nonuniform temperature field is reconstructed using the background schlieren method. The light emitted by the spatial
point is abstracted as light rays and reproduces the light in the inhomogeneous temperature gradient environment according
to the Runge-Kutta method. The world coordinates of the point are computed based on the PnP (perspective-n-point)
algorithm and the pixel coordinates of the same point in the image before and after correction. Experimental findings

demonstrate that the method can efficiently decrease the measurement error and correct the measured image’s distortion.
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Fig. 1 Schematic diagram of the background schlieren experiment
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Fig. 3 Principle of ray tracing based on Runge-Kutta method
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Fig. 4 Experimental device for establishing refractive index field
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Fig. 5 Schematic diagram of background schlieren imaging. (a) Original image; (b) image affected by flame
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Fig. 6 Processing results of particle migration images
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Fig. 7 Distribution of refractive index field
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Fig. 8 Schematic diagram of checkerboard correction experiment
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Table 1 Distortion and correction of checkerboard corners

unit: mm

Incident Tested Actual Corrected
light distortion distortion distortion
1 0.420 0.290 0.130
2 0.239 0.188 0.051
3 0.152 0.132 0.020
4 0.253 0.190 0.063
5 0.098 0.112 —0.014
6 0.053 0.070 —0.017
7 0.168 0.113 0.055
8 0.059 0.085 —0.026
9 0.054 0.028 0.026
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Fig. 9 Experimental system for correcting imaging distortion
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Fig. 10 Calibration process of the imager
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