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Abstract The fisheye lens of an all-sky airglow imager introduces
strong geometric distortion, which significantly changes the mapping
relationship between image pixel coordinates and the corresponding
physical observation angles, including azimuth and zenith angles.
Accurate correction of this mapping is a prerequisite for subsequent
quantitative analysis of airglow structures and their spatial evolution. In
practical calibration, high-quality training star points are required to
constrain the lens correction model. However, existing calibration
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methods based on manual annotation or rule-based star matching usually
face a trade-off between efficiency and accuracy. In addition, the
nonlinear lens calibration model is sensitive to its initial parameters, and
inaccurate initial values may lead to unstable optimization or poor
convergence. To address these problems, this study proposes an
automated calibration method for all-sky airglow imagers based on
constellation recognition. The proposed method uses deep learning to
identify constellation structures in all-sky airglow images and
automatically constructs reliable training star points for initializing the
lens geometric correction model. On this basis, the training star set is
progressively expanded, and the lens correction parameters are
iteratively optimized to improve calibration accuracy. Compared with
direct distance-based star matching, the constellation-level recognition
strategy provides more stable structural constraints and reduces the
dependence on manual intervention. Experiments were conducted using
observational data from the all-sky airglow imager at the Xinglong
station of the Meridian Project. The results show that the proposed
constellation recognition model achieves an mAP;5q5 of 0.985,
indicating that the model can accurately detect and localize constellation
key structures in the all-sky imaging scene. After initialization and
iterative refinement based on the recognized constellations, the final
geometric correction errors of both azimuth and zenith angle are
controlled within 2'. This performance is significantly better than that of
the conventional distance-matching-based calibration scheme, whose
correction error is within 45’. These results demonstrate that the
proposed method can effectively improve both the automation level and
calibration accuracy of all-sky airglow imagers. The study provides a
practical and high-precision technical solution for long-term automatic
calibration of ground-based airglow observation instruments.

Keywords All-sky airglow imager, Automatic calibration, Constellation
recognition, Key point detection
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Fig. 1 Schematic illustration of the error sources in the Borovi¢ka model, taking into account the misalignment angle o between the

optical axis and the zenith direction, and the non-orthogonality angle § between the CCD plane and the optical axis.
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Fig. 2 Diagram of the all-sky airglow imager calibration process, including constellation identification, Hungarian matching, and model

parameter solving.
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Table 1 Comparison of training star points construction schemes.
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Table 3 Training performance of the YOLOV8-based constellation recognition model.
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Fig. 4 Inference results of the constellation recognition model on the test set. (a) Gemini; (b) Orion; (c) Ursa Minor; (d) Cassiopeia.
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Fig. 5 Schematic diagram of the Hungarian matching algorithm performance.
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Table 4 Table of calibration parameters results
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Fig. 8 Residual statistics for the comparative experiments on training-star selection. (a)-(b) azimuth and zenith angle residuals for the

distance-matching training-star scheme.
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