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Abstract
vehicles are supported by detecting the surrounding objects by improving the GPU and surrounding H/W

Various studies on autonomous vehicles have been conducted. In particular, autonomous
performance for artificial intelligence (Al) learning. Representative sensors for object detection include
cameras, lidar, and radar, and it is preferred in the automotive field, requiring high reliability to increase
detection accuracy through the fusion of multiple sensors rather than the cognitive ability of a single
Object
detection performance was verified through calibration between heterogeneous sensors and precise time
the Al

non-target-based,

sensor. Therefore, this paper used the convergence method of camera and lidar sensors.

synchronization to learning performance. The calibration method is largely
checkerboard-based, of which checkerboard-based

calibration was conducted. The following results were derived: rotation error, 0.80°; translation error,

improve
and deep learning-based,
0.02m; reproduction error, 7.63 pixels. Time synchronization of various sensors was confirmed from the
period of the trigger signal and the near-infrared camera, and qualitative performance was verified using
projection images by the vehicle speed.
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Fig. 1. Method of camera-LiDAR calibration
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Fig. 2. Sensor synchronization configuration

LiDAR Data Transmit
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Fig. 3. Camera and LiDAR
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Where, W denotes scale factor, x,y denotes
image points, P denotes camera matrix, X,Y,Z

denotes world points
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P=K[Rt] @)
Where, K denotes intrinsic matrix, R denotes

Rotation, t denotes Translation
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Where, fx,fy denotes focal length, cx,cy denotes

Ifx Skew_cf, c,

T3 T3 13313

optical center, Skew_cfx denotes Skew coefficient,

r,n denotes rotation, t, denotes translation
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Table 1. Checker board spec

Spec. Value Note
Size 800x1100 mm
Checker Size 100 mm No padding
Fig. 4. Checker board
Table 2. Camera calibration result
Parameters Value
Fx / Fy 2322.938 / 2325.676
Cx / Cy 1212.330 / 1038.485
Reprojection Error 0.259
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Fig. 5. Camera-LiDAR calibration process
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1 0 0
0 cos (roll) —sin (TOU)} 5)
0sin(roll) cos(roll)
cos (pitch) 0 sin (pitch)
0 1 0
—sin (pitch) 0 cos (pitch)
cos (yaw) — sin (yaw) 0
sin(yaw) cos(yaw) 0
0 0 1
RotationMatriz = Yaw Matrix* Pitch Matriz*
Roll Matrix
Translation Vector = [px py pz]

Roll Matrix = l

PitchMatrix =

Yaw Matrix = l

Table 3. Camera-LiDAR calibration result

Parameters Value
Roll / Pitch / Yaw -79.140 / 0.810 / -88.207
px / py / pz 1.149 / -0.082 / -0.758
Translation Error 0.021
Rotation Error 0.809
Reprojection Error 7.631
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Fig. 6. Camera-LiDAR calibration result
(a) Original image (b) LiDAR projection image
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Fig. 7. The synchronization board
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Fig. 9. LiDAR picture with a near-infrared camera
when the synchronization board is operating

Fig. 10. LiDAR picture with a near-infrared camera
when the synchronization board is not
working
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Table 4. Time stamp of camera, LiDAR sensor
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Fig. 13. LiDAR point cloud projection result on
image
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