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Table 2 Comparison of experimental results of satellite images under complex scenes
JHUAPL COLMAP S2P A
Y25 MY 5

SEBE% KM B KM B KM % K/

a 62.3 0.609 66.5 0.369 69.5 0.348 70.0 0.345

b 58.0 0.685 60.8 0.410 67.3 0.379 68.0 0.360

Y ¢ 523 0.934 71.0 0.393 68.9 0.348 70.2 0.378
d 49.7 1.010 68.6 0.429 65.8 0.396 68.9 0.384

e 58.9 0.734 65.9 0.423 65.9 0.474 66.3 0.421

f 53.0 0.543 28.7 0.368 54.3 0.621 56.3 0.503

g 46.1 1.232 15.3 0.607 492 0.422 49.7 0.403

FAER BEHTRE h 47.5 1.013 24.1 0.575 55.6 0.638 60.2 0.572
i 39.8 0.872 19.9 0.685 57.4 0.693 60.2 0.590

j 332 1.652 55.9 0.388 62.4 0312 57.6 0.328

k 67.5 0.417 58.7 0.326 68.4 0.373 65.8 0.283

1 64.8 0.367 442 0.360 65.4 0.473 68.4 0.354

PR 55 2 m 29.2 2.295 1.2 1.347 345 1.451 41.6 1.177
n 37.7 1.784 345 0.835 473 0.727 51.7 0.696

o 53.4 0.791 33.9 0.353 53.3 0.603 65.3 0.483
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Table3 Comparison of experimental results for main objects

FEHY) EAITIE SEHLE (% A /m
JHUAPL 53.2 0.876
COLMAP 51.6 0.537
oY)
s2p 59.3 0.465
AL 60.7 0.435

T AR DR 7R
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Table4 Comparison of experimental results for all

remote sensing images

M mEAIE % KE/m i 18] /min
JHUAPL 724 0.323 210.6
COLMAP 725 0315 86.7
Explorer

s2p 80.1 0.317 70.1
EN'S 80.4 0.310 56.3
JHUAPL 70.3 0.390 200.7
COLMAP 66.8 0.450 83.8

Sitel
S2p 74.0 0.486 71.4
KNS 74.9 0.455 574
JHUAPL 59.7 0.593 128.9
COLMAP 63.4 0.393 50.7

Site2
s2p 73.1 0.524 43.8
AL 733 0.522 37.6
JHUAPL 43.9 1.345 121.4
COLMAP 50.0 1.632 48.9

Site3
s2p 58.6 1.497 42.1
AR 59.1 1.311 35.2
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Fast 3D reconstruction of satellite images via the Global Affine Model
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Abstract: Three-dimensional (3D) scene reconstruction based on multiview satellite remote sensing images is a challenging task in the

field of remote sensing. Most of the existing methods either have to perform bundle adjustment repeatedly or must calculate several

parameters in the rational polynomial camera model, resulting in a relatively long reconstruction time. To solve the abovementioned

problems, this study considers that the local small-sized patches in large-sized satellites could be approximately modeled by the affine
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imaging model and proposes a fast 3D reconstruction method of satellite images based on global affine model estimation.

First, the input multiview satellite images are cropped into a set of small-sized patches with overlapping regions. For each pair of
patches that have a sufficient number of point correspondences from two views, the corresponding 3D affine point cloud is calculated.
Second, on the basis of the obtained local point clouds, a global affine camera motion estimation algorithm is presented for calculating the
affine motion matrices of the cameras corresponding to all the patches in a unified coordinate system. Finally, the obtained affine camera
motion matrices and a few ground control points are utilized to recover the Euclidean scene structure.

3D reconstruction is conducted for the same group of remote sensing images and all remote sensing images to verify the effectiveness
of the method. The proposed solution is compared with three state-of-the-art methods (i.e., COLMAP, S2P, and JHUAPL). Experimental
results on two public datasets (i.e., MVS3DM and DFC2019) show that the proposed method outperforms the three comparison algorithms
in most cases with respect to speed, accuracy, and completeness. To verify further the reconstruction accuracy of the method, this study
selects 15 complex scene areas from two public datasets, including complex scenes with built-up areas, shadow areas, and complex object
areas. For 15 complex scenarios, the proposed method outperforms the three methods with respect to accuracy and completeness in most
cases.

This study proposes a fast reconstruction method of satellite images based on the global affine model estimation algorithm. The method
assumes that the local image tile in large-scale satellite remote sensing images conforms to the affine imaging model and introduces a global
affine motion matrix estimation algorithm based on local point clouds. Consequently, the proposed solution can calculate the global affine
motion matrix of each local image tile through only one bundle adjustment, considerably reducing the reconstruction running time.
Experimental results show that the proposed method can quickly solve the global affine matrix corresponding to each image tile and realize
fast 3D reconstruction of remote sensing images.

Key words: 3D reconstruction, satellite images, affine imaging model, Euclidean structure update, global affine matrix
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