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Abstract : This paper proposes a method of recognizing a wireless charging platform environment based on an AVM image
to determine a charging situation and detect the center coordinates of a wireless charging pad. With this technology, it is
expected that true unmanned autonomous driving will be possible when a system by which electric vehicle-based,
self-driving cars can repeat self-charging and driving is completed. An AVM image was created through calibration, and a
learning dataset was generated based on the AVM image acquired from the wireless charging platform. A recognition
algorithm for the wireless charging platform environment was implemented using the HRNet model, and a linear Kalman
filter-based object tracking and a relationship-based object position coordinate estimation algorithm were implemented. The
performance of each algorithm was evaluated using its own dataset, 3D PointCloud Map, and localization techniques. The
performance evaluation of the relationship-based object estimation algorithm yielded an average error of 0.07 m.

Key words : AVM(°]2}3-= + S U E &), Calibration(Z 2] B¢ ©] A1), Semantic segmentation(2] 7] =4 &), Object
tracking(Z Al 54), Kalman filter(Z7F )

Nomenclature bl : intercept 1 of the estimation equation
. . b2 s intercept 2 of the estimation equation
AVM : around view monitoring P q
. b3 s intercept 3 of the estimation equation
T, : state variable vector
Az, Ay :distance difference between stoppers
2y, : measured value vector ; ,
. Az', Ay : distance difference between stopper and pad
A : system matrix
. RMSE : root mean squared error
H : output matrix
Q : system noise covariance matrix
R : measurement noise covariance matrix Subscripts
K : kalman gain subscript ‘k’ : K" time stamp
P : error covariance matrix subscript ‘estimate’ : estimated wireless pad coordinate
At : time difference between & and k— 1™ frame subscript ‘stopper’  : stopper center coordinate
a : inclination between two stoppers superscript ‘-’ : predicted value
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superscript ¢ : estimated value

superscript < 77 : transposed value
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Fig. 1 WiTricity'” wireless charging platform
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Stage 1 Stage 2

Fig. 6 Proposed HRNet model architecture
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Wireless Charging Pad Detection for Autonomous Charging of Electric Vehicles Based on AVM Image
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Fig. 7 Wireless charging platform coordinate system
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Table 1 Custom dataset configuration

Train Validation
Ground truth image 540 60
Input image 540 60

Table 2 Semantic segmentation model train environment

GPU NVIDIA GeForce RTX 3090
CPU Intel(R) Core(TM) i9-10900X CPU @ 3.70 GHz
RAM 128 GB

0s Ubuntu 20.04LTS
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Table 3 Custom dataset configuration for object tracking

Scenario 1 Scenario 2
Scenario Right turn Left turn
AVM image 45 85

Table 4 Object tracking and object position estimation
performance assessment environment
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Table 5 Custom dataset configuration for object position

estimation
Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4
Scenario Forward | Backward | Left turn | Right turn
Image 35 25 61 31
Point cloud data 35 25 61 31

[l Map Point Cloud Data
LiDAR Point Cloud Data

Fig. 9 Coordinate transform (AVM image coordinate to map
coordinate)
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Table 6 Performance assessment indicators of wireless
charging platform recognition model

Class IoU
Background 0.9772
Free space 0.9885
Lane 0.6931
Parking space 0.9416
Stopper 0.8656
Wireless charging pad 0.9082
Car 0.9689
Wall 0.8262
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Fig. 12 Object tracking result (Scenario 2)

Table 8 Result of object position estimation assessment

Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4

Table 7 Result of object tracking assessment Min error 0.0154 0.0067 0.0115 0.0077
Seenario 1 Seenario 2 Maxerror | 0.1784 | 0.1808 | 0.1481 | 0.1910
Min error 0.0201 0.0186 Avg error 0.0718 0.0702 0.0723 0.0706
Max error 0.0630 0.0626 RMSE 0.0863 0.0836 0.0780 0.1481
Avg error 0.0426 0.0393
RMSE 0.0043 0.0404 Table 9 Result of object position estimation assessment
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Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4

Min error 0.0154 0.0067 0.0115 0.0077
Max error 0.1446 0.1545 0.0965 0.0925
Avg error 0.0552 0.0655 0.0626 0.0487

RMSE 0.0821 0.0770 0.0652 0.0541
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Fig. 13 Object position estimation assessment graph
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Fig. 14 Object position estimation assessment graph
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