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Calibration of VLP-16 Lidar Sensor and Vision Cameras Using
the Center Coordinates of a Spherical Object

Ju-Hwan Lee" - Geun-Mo Lee" - Soon-Yong Park™

ABSTRACT

360 degree 3-dimensional lidar sensors and vision cameras are commonly used in the development of autonomous driving techniques for
automobile, drone, etc. By the way, existing calibration techniques for obtaining th e external transformation of the lidar and the camera
sensors have disadvantages in that special calibration objects are used or the object size is too large. In this paper, we introduce a simple
calibration method between two sensors using a spherical object. We calculated the sphere center coordinates using four 3-D points
selected by RANSAC of the range data of the sphere. The 2-dimensional coordinates of the object center in the camera image are also
detected to calibrate the two sensors. Even when the range data is acquired from various angles, the image of the spherical object always
maintains a circular shape. The proposed method results in about 2 pixel reprojection error, and the performance of the proposed technique
is analyzed by comparing with the existing methods.
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Fig. 1. A Lidar-Camera System for 3D Map Generation
(a) System View (b) Transformation between Lidar
and 6 Cameras
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Fig. 2. 3D Transformation Relationship between a LiDAR
Sensor and a Camera Defined by Three 3D Points
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Fig. 3. Acquisition of Lidar and Camera Data. A ball is
Moving in front of Both Sensors. At Several Positions,
3D Range and 2D Image Data are Acquired
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Fig. 4. A Method of Detecting the Center Point of a
Sphere using Any Four Points on the Sphere Surface
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Table 1. Pseudocode of Calculating the Ball Center

while(m)
// Using the ball center coordinates from four
// surfacepoints, distance from all surface
points are computed

if(r—e <lppl <r+e)ij=12,....02)

// 3D coordinates of inliers are computed

thencount ++

[/ If the number of inliers is above a threshold
the model center is considered as the ball center

g (count count

n
elsem =m+1

> 1) break
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Fig. 5. Examples of the Detecting the Center of a Sphere in a
2D Image (a) Original Image (b) Spherical Object Color
Detection(Adaptive Threshold) (¢) Spherical object
Detection(Ellipse Fitting)
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Fig. 6. (a) Velodyne 16-Channel Lidar Sensor and 6 Vision
cameras (b) Calibration Ball
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Fig. 7. Data Acquisition of a Spherical Ball with Distance at
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2RE FUFH Fgol A9 ¢l
ALk AR K o=
7194 dlo|HE 53717t
Fig. 99} 2o| 7}vgte} Az
gk Agsta 33 #AS
S Aol BAFIE AAAZIHEA T o] BAgu glolE
E|E g5317] 9 A8 #
ol 8 F A

3 =5}

A Al

0188t VLP-16 2tOICH MIAMet HIX FHHIEE AtOlS] EE 93

Fig. 8. A Planar Object for Comparison of
a Conventional Calibration Method

Fig. 9. Data Acquisition of a Circular Planar Object with
Distance at (a) Tm (b) 2m (c) 3m
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Fig. 11. Examples of the 3D Point Clouds of the Ball Surface
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Table 3. Reprojection Error of Each Camera View

. Matching reprojection error (pixel)
Transformation .

LD Average s.t.d.
Tyt 12 2.02 1.94
Tie 12 1.77 0.7
Ties 12 1.25 0.37
Toea 11 1.45 0.43
Tes 12 1.72 2.82
Ty 12 1.89 0.78
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Table. 4. Comparison of Reprojection Error with Conventional
Methods(In Pixel)

average error (pixel)
Proposed Method 215
Planar object 4.08
O. Naroditsky [6] 6
Y. S. Park [7] 4
M. Velas [8] 325

(a)

(b)
Fig. 15. The Result of Modeling the Building and Basketball
Court using a Lidar Sensor and Six-Cameras
(a) Indoor Data (b) Outdoor Data
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