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technologies, the demand for wide-field-of-view imaging systems continues to grow to achieve broader
visual perception ranges. Inspired by the compound eyes of insects in nature, a bionic compound eye imag-
ing system is designed based on a multi-camera array. Comprising eight cameras arranged in a spherical
ring to mimic the natural compound eye structure, a wide field of view of 105" X 100" is achieved in this
system. To address common issues in wide-field image stitching, such as poor quality, ghosting, and
chromatic aberration, a coarse-to-fine image stitching method guided by agglomerative hierarchical cluster-
ing, named AHC-LightGlue, is proposed. Firstly, key points and descriptors are extracted from the
images using SuperPoint. Before feature matching, the topological structure of feature points is con-
structed by the agglomerative hierarchical clustering algorithm. Coarse matching is performed at the clus-
ter level to lock corresponding regions, followed by fine matching within these regions using LightGlue to
address high mismatch rates and misalignment issues. Subsequently, the homography matrix is calculated
by marginalizing sample consensus. Finally, a natural transition between the reference and target images
is obtained by the proposed adaptive weighting fusion method. In this approach, superior fusion results are
delivered even under significant brightness differences, large-scale color discrepancies are reduced, and
image stitching quality is further enhanced. Experiments demonstrate that both image quality and stitching
accuracy are improved by the proposed algorithm and color discrepancies are effectively reduced in image
stitching to form smoother and more natural stitched images. Compared to traditional methods, the image
stitching method based on a multi-camera array bionic compound eye has great robustness and adaptability.

Key words: bionic compound eye; wide field of view; image matching; image fusion
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Fig. 9 Examples of different view groups in HPatches dataset
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Tab.1 Comparison of image matching algorithms on HPatches dataset

A (e<C1/3/5 pixel)
Jrik HRARE TR/ Y BIRAE R/ Y% A /s
AR SRR WAL
SIFT 0.38/0.77/0.85  0.49/0.88/0.93  0.27/0.67/0.77 68.5 63.2 0.84
D2Net 0.44/0.77/0.86  0.66/0.94/0.97  0.23/0.61/0.75 78.9 74.5 1.64
SuperPoint+SuperGLue  0.51/0.81/0.88  0.62/0.91/0.95 0.41/0.72/0.81 85.4 89.7 0.14
ATk 0.55/0.83/0.89  0.69/0.92/0.97  0.42/0.75/0.82 86.9 89.5 0.15
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Fig. 10 Comparison of matching results
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Tab.2 PSNR and SSIM on SEAGULL dataset

SPW UDIS++  LightGlue — AR3CJ5i%
PSNR 9.897 13.285 13.629 13.795
SSIM 0.418 8 0.455 2 0.451 8 04752
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Fig. 11 Comparison results of different algorithms in SEAGULL dataset
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Fig. 12 Images captured by the bionic compound eye system
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Tab.3 PSNR and SSIM on bionic compound eye images

SPW UDIS++  LightGlue — A7

PSNR 10.963 13.272 13.841 14.326
SSIM 0.431 8 0.462 5 0.488 5 0.512'1
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Fig. 13 Comparison results of algorithms in bionic compound eye images
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Tab.4 PSNR and SSIM for ablation experiments on the

SEAGULL dataset
DIRES PSNR  SSIM
SuperPoint, LightGlue 13.629 0.4518
SuperPoint ., LightGlue+-AHC 13.693 0.463 8
SuperPoint. LightGlue-+AWF 13.603 0.4713
SuperPoint, LightGlue+AHC+AWF 13.795 0.4752
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Fig. 14 Ablation experiment on SEAGULL dataset
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Fig. 15 Ablation experiment on bionic compound eye images
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Fig. 16 Images captured by sub-eye in compound eye
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Fig. 17 Stitching result image of compound eye system
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