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Acquire multiple images of the calibration plate in individual poses by 101
means of the camera, and acquire multiple sets of radar point cloud data K
of the calibration plate in each pose by means of the radar

\

Establish corresponding relationships between the images and the radar |~ 102
point cloud data on the basis of the poses of the calibration plate

Y

Determine, from among the multiple sets of radar point cloud data, the L 103
multiple sets of target radar point cloud data that match the calibration
plate in individual poses

Y

Determine target external parameters between the radar and the camera 104
according to the multiple sets of target radar point cloud data and o
multiple sets of corresponding relationships
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Intrinsic parameter of the camera calibrated in advance is obtained, and

an extrinsic parameter of the calibration plate in the respective position- / 103-1

orientations relative to the camera is respectively determined according
to the intrinsic parameter of the camera and the plurality of images

\

For the calibration plate in each of the respective position-orientations, a

set of target radar point cloud data matched with the calibration plate in
the position-orientation among the multiple sets of radar point cloud |~

data is determined according to the extrinsic parameter of the calibration
plate relative to the camera and an extrinsic parameter reference value

between the radar and the camera

FIG. 5
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Candidate position of the calibration plate in the position-orientation
among the multiple sets of radar point cloud data is determined

to the camera and an extrinsic parameter reference value between
the radar and the camera

Y
Target plane where the calibration plate is located in the position-

determined according to the candidate position

Y
The set of target radar point cloud data matched with the calibration

the multiple sets of radar point cloud data is determined

FIG. 8

. o L . 103-21
according to the extrinsic parameter of the calibration plate relative K

: ; _ ( _ L 103-22
orientation among the multiple sets of radar point cloud data is

) . : . ) L 103-23
plate in the position-orientation on the target plane corresponding to

Plurality of first radar groups is determined among the multiple sets of
radar point cloud data, and for each of the plurality of first radar groups,
a first plane corresponding to the first radar group is determined

\

For each of the first planes for the plurality of first radar groups,
distances from other radar points except the plurality of the first radar
points in the multiple sets of radar point cloud data in the position-
orientation to the first plane are respectively determined

\

For each of the first planes, radar points having a distance less than a
threshold among the other radar points are determined as second radar
points, and the second radar points are determined as radar points
included in the first plane

Y

First plane including a largest number of radar points in determined as
the target plane among the plurality of first planes

FIG.9
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05 Target Plane 1000

Initial first circular area is determined according to a size of the
calibration plate on the target plane

L 103-231

Y

A radar point located in the initial first circular area is selected
among the multiple sets of radar point cloud data as a first center
of the first circular area to determine a position of a first circular

area in the multiple sets of radar point cloud data

103-232
/_

A

Plurality of first vectors are respectively obtained by taking the
first circle center as a starting point and a plurality of third radar
points located in the first circular area in the multiple sets of radar
point cloud data as ending points

103-233
T

Y

The plurality of first vectors are added to obtain a second vector

103-234
/_

Y

Target center position of the calibration plate is determined based
on the second vector

103-235
T

\

The set of target radar point cloud data matched with the
calibration plate is determined among the multiple sets of radar
point cloud data according to the target center position of the
calibration plate and the size of the calibration plate

103-236
T

FIG. 11
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FIG. 12
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Ending point of the second vector is taken
as a second circle center, and a second
circular area is determined according to the
second circle center and the size of the
calibration plate

— 103-2351

[

v

Plurality of third vectors are respectively
determined by taking the second circle
center as a starting point and a plurality of
fourth radar points located in the second
circular area in the multiple sets of radar
point cloud data as ending points

o 103-2352

!

The plurality of third vectors are added to
obtain a fourth vector

—— 103-2353

whether a vector
value of the fourth vector
converges?

103-2354

The ending point of the fourth vector is
taken as the second circle center, and the
second circular area is determined
according to the size of the second circle
center and the calibration plate

v

The second circle center corresponding to
the fourth vector which converges is taken
as a candidate center position of the
calibration plate

!

If the candidate center position is
coincident with a center position of the
calibration plate, the candidate center
position is taken as the target center
position

Yes
No
(‘\ 103-2355
(\ 103-2356
o 103-2357

FIG. 14
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Ending point of the second vector is taken
as a second circle center, and a second
circular area is determined according to the
second circle center and the size of the
calibration plate

— 103-2351

A

Plurality of third vectors are respectively
determined by taking the second circle
center as a starting point and a plurality of
fourth radar points located in the second
circular area in the multiple sets of radar
point cloud data as ending points

— 103-2352

A

The plurality of third vectors are added to
obtain a fourth vector

— 103-2353

whether a vector
value of the fourth vector
converges?

No

103-2354

Yes

The ending point of the fourth vector is
taken as the second circle center, and the
second circular area is determined
according to the size of the second circle
center and the calibration plate

o 103-2355

A

The second circle center corresponding to
the fourth vector which converges is taken
as a candidate center position of the
calibration plate

—— 103-2356

A

If the candidate center position is
coincident with a center position of the
calibration plate, the candidate center
position is taken as the target center
position

— 103-2357

A

If the candidate center position is not
coincident with the center position of the
calibration plate, the candidate center
position is redetermined

— 103-2358

FIG. 15
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The calibration plate is projected on one of the plurality of images
by the radar based on each of the plurality of candidate extrinsic
parameters to generate a set of projection data

104-1
/-

Y

A set of projection data having a highest matching degree with the
image is determined among multiple sets of projection data as
target projection data

104-2
/-

h J

Candidate extrinsic parameter corresponding to the target
projection data is determined as the target extrinsic parameter
between the radar and the camera

104-3
/-

FIG. 16
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