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Abstract: Inverse perspective mapping (IPM) of pavement images is a prerequisite for image-based vehi-
cle distance perception and pavement damage measurement. The traditional static IPM methods have the
problem that the transformation parameters cannot be dynamically adjusted, and the existing dynamic IMP
methods are highly dependent on the information such as road lane lines and textures, which often lead to
suboptimal correction of perspective distortion. To solve these problems, this study proposed a dynamic
IPM method for pavement images based on depth-camera semantic segmentation and 3D plane fitting.
First, a semantic-segmentation model was used to extract pavement regions {from RGB images, and 3D

plane fitting was performed on the corresponding point-cloud data within the pavement regions, eliminat-
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ing the interference of non-pavement point clouds on pavement fitting. On this basis, using pavement infor-
mation and the spatial positional relationship between the camera and the pavement, the relative pose of
the camera with respect to the pavement was calculated through a camera-pose-estimation method. Final-
ly, based on the imaging relationship of the pavement under different camera poses, a constructed pave-
ment-image IPM model was used to correct perspective distortion from the original image to any reference
point. Simulation experiments show that the perspective distortion correction error of the proposed method
is stable at 10 * mm when the camera pose has common variations, which is better than the current ad-
vanced IPM methods, demonstrating that the proposed method effectively improves the quality of pave-
ment image IPM. Real-world experiments further validate the effectiveness of the proposed method.

Key words: machine vision; pavement image; dynamic inverse perspective mapping; semantic segmenta-

tion; pose estimation
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ment images
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tem and road coordinate system
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Fig.4 Inverse perspective mapping model
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Tab.1 Perspective distortion correction error when camera position changes

(mm)

Perspective distortion correction error

Camera pose
Contrast method 1

Contrast method 2

Contrast method 3 Proposed method

Pitch 20° 30. 894
Pitch 25° 24.009
Pitch 30° 19. 580
Pitch 35° 15. 054
Pitch 40° 11. 021
Yaw 5° 20.570 1
Yaw 10° 20. 657 2
Roll 2° 222. 405 2
Roll 5° 564. 880 5
Height 1. 6 m 19. 363 6
Height 1.4 m 18.878 7

30.
24.
19.
15.
11.
36.
70.

12.

71.

26.

894 0.028 0.016
009 0.020 0.016
580 0.035 0.052
054 0.020 0.014
021 0.030 0.021
682 0.058 0.057
397 0.044 0.040
739 259.076 0.016
. 245 661. 983 0.025
800 0.016 0.005
620 0.020 0.005
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Fig. 6 Results of actual image perspective distortion correction
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