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LPIPS
Hybrid GS 0.36 0.33 0.31 0.31
Vanilla GS 0.56 0.48 0.42 0.36

MAE
Hybrid GS 6.41 6.21 5.92 5.91
Vanilla GS 7.27 6.88 6.66 6.48

PSNR
Hybrid GS 28.82 29.18 29.56 29.57
Vanilla GS 27.92 28.37 28.67 28.95
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Target Mass group This work B+23

F+19

Low 9.75 20.33
Intermediate 9.89 11.63

Heavy 33.37 5.32
Total 11.95 15.80

M+20

Low 40.64 29.07
Intermediate 6.23 6.52

Heavy 3.57 1.35
Total 18.63 14.20

𝐺𝑖 ‖𝑄ℎ𝑢 − 𝑢ℎ‖ 𝑂(ℎ𝑟) ‖𝑎∇(𝑄ℎ𝑢 − 𝑢ℎ)‖0 𝑂(ℎ𝑟)
𝜆 = 10−3

3 0.196E+02 3.5 0.759E+02 3.1
4 0.199E+01 3.3 0.184E+02 2.0
5 0.223E+00 3.2 0.465E+01 2.0

𝜆 = 1
3 0.196E-01 3.5 0.233E+01 2.5
4 0.199E-02 3.3 0.584E+00 2.0
5 0.224E-03 3.2 0.148E+00 2.0

𝜆 = 103

3 0.152E-02 3.3 0.501E+00 3.9
4 0.171E-03 3.2 0.663E-01 2.9
5 0.205E-04 3.1 0.156E-01 2.1

Dataset Records
decimal_benign 1,223,737
decimal_DoS 74,663
decimal_spoofing-GAS 9,991
decimal_spoofing-RPM 54,900
decimal_spoofing-SPEED 24,951
decimal_spoofing-STEERING_WHEEL 19,977
Total Combined 1,408,219
Total Features 12

Day
LSTM CNN MC

MAE RMSE MAE RMSE MAE RMSE
1 0.072 0.098 0.081 0.109 0.065 0.088
2 0.076 0.104 0.085 0.112 0.068 0.092
3 0.079 0.108 0.088 0.117 0.070 0.096
4 0.084 0.112 0.093 0.121 0.072 0.098
5 0.086 0.115 0.095 0.123 0.073 0.100
6 0.088 0.118 0.098 0.126 0.075 0.103
7 0.090 0.120 0.099 0.127 0.076 0.104

Avg. 0.082 0.111 0.091 0.119 0.071 0.097
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Methods
OVO-Bench

EPM STU REC Avg

Feature 56.9 45.5 28.9 43.8
Value 58.3 44.9 29.8 44.3
Key 57.9 46.1 29.9 44.6
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