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An Accurate Extrinsic Calibration of Laser Range Finder and Vision
Camera Using 3D Edges of Multiple Planes

Sung-In Choi" - Soon-Yong Park'™

ABSTRACT

For data fusion of laser range finder (LRF) and vision camera, accurate calibration of external parameters which describe relative
pose between two sensors is necessary. This paper proposes a new calibration method which can acquires more accurate external
parameters between a LRF and a vision camera compared to other existing methods. The main motivation of the proposed method is
that any corner data of a known 3D structure which is acquired by the LRF should be projected on a straight line in the camera
image. To satisfy such constraint, we propose a 3D geometric model and a numerical solution to minimize the energy function of the
model. In addition, we describe the implementation steps of the data acquisition of LRF and camera images which are necessary in
accurate calibration results. In the experiment results, it is shown that the performance of the proposed method are better in terms of
accuracy compared to other conventional methods.

Keywords : Extrinsic Calibration, Laser Range Finder, Camera, Pose Estimation
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Fig. 1. Basic Concept of the Proposed LRF-camera Calibration
Method
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Fig. 2. Flow-chart of the LRF-camera Calibration Method
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(d)

Fig. 3. Extraction Process of the Edge Lines of the Calibration Pattern Board:

(f)

(a) Canny Edge Extraction; (b) Image after the

Ist Filtering; (c) Image after the 2nd Filtering; (d) Image after the 3rd Filtering; (e) Edge Labeling Results; (f) Extraction
Results of the Edge Lines.
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Table 1. Pseudo Codes for Plane Clustering
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Fig. 6. 3D Corner Point Extraction Process of the Calibration Board:
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(a) Initial Plane Clustering Results; (b) Results after PCA-based

Filtering; (c) Plane Clustering Results of the Calibration Board; (d) Line Fitting and Extraction Process of the Corner Points
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Fig. 8. Comparison of Calibration Results. Blue(dark grey) Dots:
Zhang’s Method, Green(Light Grey) Dots: Proposed Method

—O— Proposed Method
—— Zhang's Method

Re-projection error (pixel)
@

| e

5 10 15 20 25 30
Number of Frames

Fig. 9. Re-projection Errors of the Proposed and Zhang's
Methods w.r.t the Number of Calibration Frames

Fig. 10. Re-projection Results after Calibration : (a)~(c) Re-projection Results on Three Test Images (Blue Dots: Zhang's Method, Green
Dots: Proposed Method, Red Ellipse: Re-projection Error of Zhang's Method)
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Related Calibration Methods

AFG 24 A4 (¢, pixel)

14 | 24 | 3% | 44 | 5% | W | 24
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(a) View-point 1;

. Indoor 3D Reconstruction Results:

Fig. 12. Outdoor 3D Reconstruction Results: (a) View-point 1;
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