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UAYV Image Stitching Method Based on ¢,-norm and Gradient Constraints

LI Rou, XUE Wei
(School of Computer Science & Technology, Anhui University of Technology, Maanshan 243032, China)

Abstract: Unmanned aerial vehicle (UAV) image stitching technology provides crucial support for the development
of the low-altitude economy through efficient integration of aerial data. To address issues such as low registration
accuracy, misalignment, and ghosting caused by insufficient feature point extraction in low-texture UAV images, an
¢,-norm and gradient-constrained UAV image stitching method was proposed. First, feature points and feature lines
of the target image and the reference image were jointly extracted to construct a multi-feature descriptor, enhancing
matching robustness and effectively improving image misalignment. Second, the ¢,-norm was used for color
difference measurement, and an energy function was constructed with gradient constraints to guide the seam to
preferentially pass through highly similar continuous regions. Finally, the graph-cut algorithm was applied to search
for the optimal stitching path in the overlapping area, and Poisson blending was employed to achieve a natural
transition at the stitching boundary. Two sets of typical drone image datasets were selected, and comparative tests
with three mainstream methods (SPW, LPC, and MSF) were conducted to verify the superiority of the proposed
method in terms of stitching accuracy and visual effects.The results show that compared with SPW, LPC, and MSF,
the SSIM values of the proposed method are improved by 2.97%, 5.87%, and 3.07% respectively, while the PSNR
values are increased by 0.595, 0.848, 0.841 dB respectively. In terms of visual effects, misalignment and ghosting
during the stitching process are significantly improved by the proposed method, with structural integrity and texture
details of objects being better preserved, resulting in enhanced overall quality of UAV image stitching. Both
quantitative and qualitative analyses fully demonstrate the superior performance of the proposed method in low-
texture scenarios.

Keywords: UAV imagery; image stitching; multimodal; feature matching; norm constraints; gradient optimization;

graph cut; Poisson fusion
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Fig. 1 Process diagram for UAV image stitching method
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Fig. 3 Image stitching results of DJI_0890 and DJI_0891 using different methods
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Fig. 4 Image stitching results of DJI_0470 and DJI_0471 using different methods
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signal-to-noise ratio, PSNR) 8 ¥, 7F 30 X} L AHLIE  F+2.97%, 5.87% Fi13.07%; *F-#4 PSNR {Hik 72.086 dB,
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Tab.1 Comparison of SSIM and PSNR for different methods in the first set of test images

SPW LPC MSF Ours
S SSIM PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM PSNR/dB
DJI_0405&DIJI_0406 0.879 72.420 0.881 72.647 0.862 71.644 0.887 72.705
DJI_0409&DIJI_0410 0.941 78.276 0.915 77.837 0.916 77.115 0911 77.326
DJI_0413&DIJI_0414 0.711 69.059 0.704 69.007 0.695 68.686 0.716 69.151
DJI_0449&DIJI_0450 0.899 71.295 0.915 72.328 0.884 71.033 0.903 71.404
DJI_0452&DIJI_0453 0.851 71.060 0.837 71.111 0.864 71.196 0.861 71.129
DJI_0455&DIJI_0456 0.870 72.674 0.769 71.394 0.811 71.565 0.883 73.088
DJI_0458&DIJI_0459 0.809 70.828 0.761 70.237 0.831 70.979 0.867 71.881
DJI_0461&DIJI_0462 0.881 72.366 0.871 72.088 0.870 71.868 0.910 73.761
DJI_0464&DIJI_0465 0.858 72.101 0.814 71.196 0.852 71.583 0.876 72.442
DJI_0467&DIJI_0468 0.840 69.503 0.770 68.800 0.848 69.383 0.799 69.075
DJI_0470&DJI_0471 0.813 69.765 0.802 70.111 0.831 70.006 0.877 71.203
DJI_0473&DIJI_0474 0.845 71.036 0.784 70.531 0.815 70.330 0.866 71.876
DJI_0884&DIJI_0885 0.929 74.593 0.941 75.298 0.910 73.413 0.928 74.581
DJI_0887&DIJI_0888 0.917 72.813 0.928 73.773 0.888 71.730 0.950 74.194
DJI_0890&DJI_0891 0.864 70.620 0.848 70.382 0.822 69.849 0.904 71.345
DJI_0892&DIJI_0893 0.908 71.162 0.894 70.822 0.930 71.251 0.928 71.289
DJI_0895&DIJI_0896 0919 72.699 0.901 71.824 0.863 70.764 0.923 73.003
DJI_0900&DJI_0901 0.833 70.787 0.829 70.836 0.817 70.333 0.849 71.118
DJI_0903&DJI_0904 0.848 72.218 0.838 71.804 0.799 70.902 0.852 72.774
DJI_0906&DJI_0907 0.909 73.413 0.894 73.120 0911 73.399 0.947 74.515
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Tab.2 Comparison of SSIM and PSNR for different methods in the second set of test images

SPW LPC MSF Ours
it SSIM PSNR/dB SSIM PSNR/dB SSIM PSNR/dB SSIM PSNR/dB
DJI_0008&DJI_0009 0.739 67.464 0.729 67.461 0.815 68.794 0.833 69.719
DJI_0048&DIJI_0049 0.873 69.149 0.791 68.252 0.892 71.115 0.899 69.705
DJI_0061&DJI_0062 0.811 71.495 0.826 72.163 0.772 71.067 0.860 72.180
DJI _0154&DIJI_0155 0.762 69.341 0.725 68.569 0.816 69.533 0.892 71.841
DJI_0200&DJI_0201 0.703 67.724 0.709 67.572 0.828 69.259 0.782 68.124
DJI_0443&DIJI_0444 0.902 69.334 0.866 68.899 0.927 70.089 0.954 70.459
DJI 0462&DIJI_0463 0.865 70.864 0.838 70.235 0.848 70.547 0.870 70.927
DJI_0871&DIJI_0872 0.920 73.768 0.849 72.526 0.924 73.206 0.939 74.233
DJI_0897&DIJI_0898 0.905 71.954 0.879 71.613 0.927 72.160 0.941 73.215
DJI_0905&DJI_0906 0.928 74.961 0.918 74.689 0.938 74.542 0.889 74.319
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