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Fig. 1. Sketch of BOS-WS principle.
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Fig. 2. Schematic diagram of 1 st-code integral path.
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Fig. 3. Schematic diagram of OPL resolution mesh.
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Fig. 4. Experimental platform of BOS.
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Fig. 6. Error distributions of the two reconstruction algorithms.
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Fig. 7. BOS results of the flow field above the can-
dle flame: (a) displacement vectors based on BOS;
(b) OPD reconstruction based on 1 st order trapezoid
integral; (c¢) OPD reconstruction based on Southwell

integral.
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Fig. 8. Aberration contours and reconstructed OPD field at different distances between background and
lens: (a) aberration contours in the case of 5 cm distance between background and lens; (b) OPD field in the
case of 5 cm distance between background and lens; (c) aberration contours in the case of 10 cm distance
between background and lens; (d) OPD field in the case of 10 cm distance between background and lens;
(e) aberration contours in the case of 20 cm distance between background and lens; (f) OPD field in the
case of 20 cm distance between background and lens; (g) aberration contours in the case of 30 cm distance

between background and lens; (h) OPD field in the case of 30 cm distance between background and lens.
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Fig. 9. Restoring the displacements at b = 20 cm by using OPD result at b = 10 cm: (a) restored displace-
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Abstract

Background oriented schlieren based wavefront sensing (BOS-WS) is a new experimental technique for measuring
the two-dimensional distribution of optical wavefronts and the optical path differences (OPDs) induced by the flow-field
density variations. Background oriented schlieren (BOS) is traditionally used to test the flow-field density distribution,
which restricts the obtaining of useful information since the obtained density information is integrated over the optical
path. The OPD is very important for predicting the optical distortion when light travels through the flow field and it is
tested by BOS-WS. In order to obtain the optical distortion generated by aero-optic effect, and restore the original image
from the distortion known information so as to explore a new kind of supersonic imaging guidance method, theory analysis,
numerical simulation and experimental methods are used based on BOS-WS. Through theoretical analysis, the wavefront
measurement method based on BOS is verified and the calculation methods of using wavefront information known to
predict distortion displacement field and using known displacement field to reconstruct wavefront are explored. By
numerical simulation, the error sizes and the result rationalities of one stepped integral algorithm and Southwell method
on the wavefront reconstruction are compared, and through the error analysis it is proved that the Southwell method
is more accurate and reasonable. By a wavefront aberration experiment carried out in the flow field above the candle
flame and a lens perturbation experiment, the methods of using OPD known to reconstruct distorted displacement field
and correcting image distortion by the field are creatively explored. The verification experiments show the effectiveness

of the correction method.
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