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Registration of high-resolution nighttime light and optical remote
sensing images based on deep learning
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Abstract: As heterogenous remote sensing images, high-resolution nighttime light and optical remote
sensing images exhibit significant differences, making it impossible to achieve automatic registration based
on traditional image registration algorithms. Currently, registration primarily relies on manual methods using

ArcGIS to manually pinpoint points for registration. Therefore, we propose a deep learning-based automatic
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registration framework for high-resolution nighttime light and optical remote sensing images. Firstly, the
binary road networks of nighttime light and optical remote sensing images are extracted and downsampled,
and the sum of absolute differences (SAD) algorithm is used for coarse matching between the two types of
images. Secondly, the YOLOvVS object detection model is utilized to extract the center points of road
network intersections in nighttime light and optical remote sensing images as control points. The Euclidean
distance and random sample consensus (RANSAC) algorithms are then employed to match and filter out
corresponding control points. Finally, the least squares method is adopted to solve for the affine
transformation matrix, achieving precise registration of high-resolution nighttime light and optical remote
sensing images. The effectiveness of the proposed method is validated using Jilin-1 nighttime light remote
sensing images with a resolution of 0. 92 m and optical remote sensing images with a resolution of 0. 75 m.
The experimental results demonstrate that the proposed method can achieve automatic registration of high-
resolution nighttime light and optical remote sensing images. The root mean square error (RMSE) after
registration for test data from the built-up areas of Chengdu and Changchun are 3.29 m and 3.36 m,
respectively, indicating high registration accuracy.

Key words: nighttime light remote sensing image; optical remote sensing image; deep learning; road

network; automatic registration
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Fig.1 Registration process diagram
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Fig.8 Extraction of intersection control points in road network
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Fig. 10 Loss curves. (a)Training loss; (b)Volidation loss.
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Tab.1 Comparison of model performance %

Model mAP50 mAP(50~90)
YOLOvVS 84.5 44.6
YOLO11 81.2 43.4
YOLO12 83.8 44.2
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Fig. 11 Comparison of road network intersection extraction
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Fig. 12 Comparison of matching results
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Tab. 2 Deviation before and after registration of work mark points (Chengdu)
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1 121.79 4.57 20.62 4.11
2 117.44 4.19 16. 36 1.41
3 119.03 2.68 17.81 3. 64
4 121. 89 1.32 21.47 0. 86
5 125. 56 4.92 26.53 5.09
6 122.79 5.17 19.42 4.10
7 125.03 3.95 23.92 3.04
8 118.41 5.29 19.11 2.28
9 117. 36 3.16 16. 27 3.17
10 112. 16 3.50 14. 85 2.83
RMSE/m 120. 21 4.05 20.91 3.29
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Tab. 3 Deviation before and after registration of work mark points (Changchun)
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