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Automated Identification Technology for Charging Device Inverter Losses Using a Fusion of
CNN-LSTM Dual Encoders
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Abstract: To address the issue that the loss characteristics of charging device inverters are easily affected by
spatiotemporal changes, leading to a low fit between the identified total loss rate and the actual value, an automated
loss identification technique for charging device inverters was proposed that integrates CNN-LSTM (convolutional
neural network and long short-term memory) dual encoder feature extraction. CNN was used to extract spatial loss
features, while LSTM was employed to extract time-series loss features. By fusing these features, a prediction
waveform was generated, and the loss Fourier series and loss magnetic potential were calculated. This enables the
determination of current amplitude states under different operating conditions, leading to the construction of an
automated identification model. This model identified the magnetic flux distribution state, thereby achieving
automated identification of charging device inverter losses. Experimental results show that under additional
resistance conditions of 10 Q,20 Q,and 30 Q,the total loss rate of the inverter identified by this technology highly
correlates with the actual value, with no significant deviation. The RMSE and MAE are both no more than 0.020.
This method effectively improves the accuracy of loss identification in charging device inverters, providing a
reliable technical foundation for optimizing device operation strategies, reducing energy loss, and lowering
maintenance costs.
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Fig.1 ~ CNN-LSTM dual encoder feature extraction structure
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Tab.2  Parameters of simulation model
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Fig.3 Experimental inverter topology structure
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Fig.4 Voltage and current waveforms of losses

in the charging device inverter
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Fig.5 Automated identification of permanent magnet

eddy current losses in inverter losses
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Tab.3 Comparison of total loss rate identification

errors of different methods
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of total loss rate for inverter losses

3 4k

ASCHE T — Bl CNN-LSTM 3 i it
SEAE R L 70 LI A 1 AR BN RE Bl AR U
AR ZB AT CNNAT AR BB AESS [ARRAE , 45
4 LSTM 4§ $i2 450 FE iof [0] )30 H AR AIE , il A= B 35000
WY, e T 1A B 23 A8 0k 5 S0 B AR UG
BEAR R B RE, AE 10 ©,20 Q F130 Q B A BH
BT R SRR A S PR LA
RMSE Fl MAE ¥ A5 52 0.020, 5 48 T SCHik[2) 41
SCHR[31T s, B0 TR T U4 i # D3 [ B2 B 2 AR A
T T 52 J T 00T UG FE D T A9 p B 5 %
A . BRI, FE S i £ AR PR BE T AR
FRRE T R AT S HRFE AN (1R I AT 442 A s
FEL UM T B RCRA T 3E— P58 . AR D7k
SRy R 2 ) o T E e 1A A R T
TR e m R EE B B R U RE R Ak
P U 4532 17 SR M G o DA 15 45 RIS it B IR
A AR LAY RE IR B FE iz 4 s A B4 T AT
SEMER S

79



B A 20265 H 565 H oM B 4 8k4 CNN-LSTM R % A5 35 09 70 W 3 &-18 T 33 HAE B 1ALt pl R
of IGBT module in inverter based on improved two-branch cou-
5%k pling Cauer model[J]. Acta Energiae Solaris Sinica, 2024, 45

(10) :431-439.

(1] 27 M, kA, 55 Semi-Z Jasi 25 25 (1 B0k ik 5 8 41 56 (9] 3BT, A B, & T, 4 —FhIET SiSIiC 2016 H M7

bs RSB ABT IR K WIREF4E, 2025, 46(2) 1245 U T HE REBUR T 7 (). o T4, 2024, 52(9) 5
254 3000-3009.
Li N, Yang J L, Zhang Y, et al. Improved pulse width modula- Guo Z Y,Quan H M, Peng Z S, et al. A high-performance mod-
tion strategy and parameter optimization design method for el predictive control strategy based on Si/SiC cascaded H-
Semi-Z source inverter[J]. Acta Energiae Solaris Sinica, 2025, bridge inverter[J]. Acta Electronica Sinica,2024,52(9) : 3000~
46(2):245-254. 3009.

[2] ZREAEZENAR, SR IR AT R AR AR T R [10] XUBCHE, FEDUAR , B W, 465 0 A L YR A5 R O TR K R
T 2 45 6 XS4 A5 455 A5 1) 7 7 (0], 8 R 4R, 2024, 50 HUHLIG 2 0 B8 75 A BT 0. 1B TR AR 254, 2025, 40(6) -
(11):4850-4863. 1758-1770.

Li G H,Li Y D, WuZ H. Frequency-doubling modulation meth- Liu C C,Du H D, Lei G, et al. Multi-physics coupling analysis
od for hybrid cascaded eleven-level inverter power equalization of permanent magnet claw pole machine with hybrid cores by
[J]. High Voltage Engineering,2024,50(11) :4850-4863. inverter power supply[J]. Transactions of China Electrotechni-

(3] BR300, 55 . SVPWM 33 48 2% {4t H i} FSCW - cal Society,2025,40(6) : 1758-1770.

PMSM 41 #6451 WF T )] 10 ) TR 4R, 2023, 42(4) : 73— (11] Shef, Ume , B | 2 . —Rh LA B8 i 3 1) B 7 i 41
83. FLFR ARG Y TS AR [T, FLML S R 24T, 2024, 28(8) 1 72-
Chen Z F,Xing N, Li Z X, et al. Loss characteristics investiga- 82.

tion of FSCW-PMSM under SVPWM inverter supply[J]. Elec- Ma J W, Liu H P, Wei L, et al. A shoot-through current sup-
tric Power Engineering Technology ,2023,42(4) : 73-83. pressed Y-source inverter with low voltage spike[J]. Electric

(4] JATREL, B e, 5 SUSICTR & TP R T TIRE I 12 Machines and Control,2024,28(8) : 72-82.

Ho A AR A P L)) LT A, 2023, 51(6) : 1468- [12] B, BRIV 522, 45 . S F kel £ HARBL T REE IR
1473. JEAR I W 395 4 LCLLC I8 I s S 8 A 7 3 (0] 7K B g I8
Zhou Y M, Mu S L, Yang H, et al. Optimal gate turn-off delay- Bl ,2024,42(8):213-217,196.

time of Si/SiC hybrid switch and its application in inverter[J]. Zhao Y X,Yin M Y, Fan H, et al. Parameter optimization meth-
Acta Electronica Sinica,2023,51(6) : 1468-1473. od for LCLLC filter of photovoltaic grid connected inverter

[5] ZEE4E ARI7R, GRIFAE . G HR AR 45 T 2R 5 T G FE based on improved multi-objective particle swarm optimization
X5 E AR AR 7 )] AR 2023, 47 (6) - algorithm[J]. Water Resources and Power, 2024, 42(8) : 213—
2433-2447. 217,196.

LiGH,Li Y D,Wu Z H. Freedom optimal control of cascaded [13] HARER . LT Si N SiC #e - 09 313648 2% R GE P REXT LR 52 [J).
H-bridge inverter power and switching loss double balance[J]. LS55 ,2017,47(8) :3-6,48.
Power System Technology,2023,47(6) :2433-2447. Ma B H. Comparison analysis for inverter system based on Si

[6] RLRE, S XUat3) 45 B ML 2 HMR 4k i s AR and SiC power devices[J]. Electric Drive,2017,47(8) :3-6,48.
i TR 5 280 AT R T T SRS D). B T AR 2441, 2024, 39 [14] BLL WL, ik . BT = AH 00 A8 2778 SR A5 5 RIS B BE
(22):7167-7181. 2k HLTR Y PMSM # [1]. H ) Bk 5 HR 2248, 2024, 39
LiuY Z,Wu X Z,Liu J D, et al. The hybrid carrier frequency (1):225-233,284.
modulation strategy of seven-level flying-capacitor cascaded H- Yang H, Yang I, Yang R. PMSM control of three-phase invert-
bridge inverter[]J]. Transactions of China Electrotechnical So- er with variable switching frequency and DC bus variable vol-
ciety,2024,39(22) :7167-7181. tage[J]. Journal of Electric Power Science and Technology,

(71 ALVGTE, TEtSE 5 M, 45 . AR a4k 4o SR TE 3% th ey 2024,39(1):225-233,284.

T6 T A5 T 3645 2 SPWM A8 H AT 396 728 3% o 1y 7 R 29 (1. [15] E4°F, SRR SRPCH 55 L BT I o3 1 rh sl 8

LR AR ,2024,50(12) :5552-5562. SOOI SR A TR A R SRS D). r AL 4 i AE 4, 2023,

Kong X X, Wang H L, Yue X M, et al. Application analysis of 27(11):66-78.

passive variable switching frequency SPWM with carrier ampli- Wang J P,Ji Y C,Zhang Q Y, et al. Hybrid modulation strategy

tude envelope line as inverse-phase sine in H-bridge inverter for neutral point clamped three-level inverter based on modula-

[J]. High Voltage Engineering,2024,50(12) :5552-5562. tion wave decomposition[J]. Electric Machines and Control,
(8] B AL BIZLE . ST NS A Cauer BRI 2023,27(11):66-78.

AR IGBT R HR 25 1 U J5 VA (], K IHRE A4 , 2024, 45
(10):431-439.
Yan Q,DuM X,Hu J W, et al. Junction temperature prediction

80

Wi B 1 :2025-05-07
& chs H 91 :2025-08-27





