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Parameter Identification Method for MCR-WPT Systems Based on
Primary Side Detection
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Abstract: In view of the complex and low identification accuracy of load and mutual inductance identification
methods in magnetically coupled wireless power transfer (MCR-WPT) systems, a method has been proposed for
simultaneous identification of load and mutual inductance in MCR-WPT systems. Firstly, with the influence of high-
order harmonics in the system taken into consideration, a steady-state circuit model of the LCC-S topology system is
established and verified, thus obtaining mathematical descriptions of the output current, mutual inductance, and load
of the primary inverter. Secondly, an improved particle swarm optimization algorithm is introduced so as to construct
a fitness function based on the error between the theoretical and actual values of the output current of the primary
inverter, with the parameter identification of the system transformed into an issue of optimization, thereby obtaining
the identification values of the system load and mutual inductance. Finally, the simulation results show that the load
and mutual inductance errors identified by the proposed method are kept below 1.20%, which is very close to the actual
values, verifying the feasibility of the proposed method. This proposed approach is applicable to both resonant and non-
resonant MCR-WPT systems without compensation network constraints, thus enabling precise parameter identification
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without primary-secondary communication or auxiliary circuits.

Keywords: wireless power transfer; improved particle swarm optimization; load identification; mutual

inductance identification
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Fig. 1 MCR-WPT circuit diagram
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Fig. 6 Inverter output current waveform
33 ETFUuHN FEEENPHAAE
3.3.1 Bernoulli %4 B 4+
T GER I A Ty 1 R B BE AL 3 A1 AETE SR 4R
PEZEFZAEVEAN R, 255 R BEE R A R
oo BT LAA SCE IR FE R RE) 46 A B B 51 A Bernoulli
TRV, T DU b5 R Jh A 1) S5 i A 20 A 4
5)1E, Bernoulli YT BT Fak 0k 1
H [(1+7), 0<H <l-y;
Hr{Uﬂ—l+yV%]—y<fﬂ<b
e H, R 0 RN A H
BIZE Wy GhF 0.5 BRI FSIRERS 1R
B

(12)

& 7 FEL 8 4351128 y=0.499 B} () Bernoulli TR Mk
oA R E TR

TT

0-200 400 600 80010001200 14001 60018002000
iy
& 7 Bernoulli jBiERRET 5> 0
Fig. 7 Bernoulli chaotic mapping distribution diagram
250

200

150
100

50

0 01 02 03 04 05 06 07 08 09 1.0
Hidi s
& 8 Bernoulli ;EiEmEE 7 &

Fig. 8 Bernoulli chaotic mapping histogram

Hi & 7 I 8 i LLF i, Bernoulli TR 7l e 5 H
A AR DR
332 FHAEMWMEMRE Rk

FERLFREEAS, BIERFER SRS,
HEAE AR HHE R R 5 R RS 0 s P4
AT SR Ak 4 SRy s 1 1, kAR e e s kT
B E DA T X A R B DU 11 )Ry
TR AIE R . ASSCRTT T —FhlE Lt vl ok 5 4%
e, Ead [ SN AL ST R, i %
RORSHERE

0(1)= 0 p=sin | (1/24 1 ) [ (@m0 ) (13)
b e TR KBS ta B R IEARUEL
O Oy VA 1 FFBR{E
323 #HAEFIAT

WA o Fl e, P HIPEE TR H B 25 Fit
SLWIINE ., BRI o B = S5k mfE Bt
B, X 7RISR, RN o, R TEE
FEOIAZ 2R, RO R, Bk, BT
SRR A CSGH BE FHE BRAE E , BAS 2 ) TR etk
gemg HxFkn=C (14) A1 (15) R

¢ (1) =—cos(7n(tma" ~1) ]+Ca; (14)

max

‘ ()(M} (15)

X (14) (15) W, ¢, M, WH BRI

2 ¢ Fl o, IHUEIEEFEGITE 0.5~2.5 B, BERE
FEEAE AR R BE ST, MR IRIIES I T &
KGNSS S I BT s icRe i . RN ¢,
e, BOER 1.5, ¢, Ml ¢, BEIEAUEL ¢ B8 AL AN
K9 FItR .

25

201

1.0

0.5
0

510 15 2'0%1 %2‘72(1&36 35 40 45 50
B9 FIEFELHLE
Fig. 9 Learning factor variation curves
TEFETHRES, ¢, KT ¢, XAFTHRERTFA
R RAE S, femigREE, ¥ IAURIEHL,



38 7= DA | /A = S 4

2026 4F

TEFIRAE R, o, KT ¢, AIITRFRENEE] 4R
eI, $5 e TR T i R I F R

& 10 /R T AHFZE LCC-S $hTMEHE & oLk i g
TR RGN S HCIREN o FOARZ 0 R FH G B3R
T, AR AR Y I S R S A7 2 LR
[F] AR

| wARESH | |
HUR SIS IERGE . a1
23] [ T SRR

B
(S5 AIA
K R REEA T Bernoulli
A fe w &
Till_‘
VIBERE S T IR O A, iy R R
WAL A AR 42 S B A BER (i
B

B 10 LCC-S AHMERSEIHARER
Fig. 10 LCC-S load and mutual inductance parameter

identification flowchart

AR AR LT -

1) HE RGN BIICEIFSE, SR R GE
AR R AL U, A0S S HH AL, o

2) =L (12) Bernoulli VR {i W5 BLIS Xk £
FfERIERAE, IR AL B AT

3) MRHEC (16) TR T RYIE N AR, )
B ARARL P, FN AR G o A SCHYIE I B bR ERI
TGRSR S R, PR R G LI, 2 (]
AR ZE o

Fi=[m-am]- e

K T, 8 RGEFRA T 10078 2 H AR — 1 SR 4
ISR s 4y, AECFAEAI A R AR i R SEBR LA

P A R A KAy B T A R

Vit+1)=o()V (1) +cn (P-X,)+c,rn (G-X,),

{X,.(t+1)=X,.(t)+V,.(t+1)o

(17)

Kb Voo i EREE; PR B AR A
G HEJRRAE; r. o 24 [0, 1] JEREINBENLEG ©
MAE ; ¢ oy SRR S R4 R )
K5 X, A YR O

4) MHE=C (13) (14) (15) (17) HH R F
)R B A

5) WX (16) AR 3E W AR, BT

SRR P, M4 R G

6) ffi e 2 A FER S, R AR], WA
BESHOIT I LRSI I, R IR 4 gksLiifb
R, HINEKREL 1, 1S HIESEHH R

4 FERIESHERSH

R T BAEAS SCHT S PR 5 v B TR M R R
SO 4 FBIE 53 B, BE T Simulink 2257 T
NPT AR, BRGNS 2 PR,

F2 LCC-SE WPT RESH
Table 2 LCC-S WPT system parameters

ZHU HBUE SR e
f/kHz 85 L/uH 25
L,/uH 130 C,/nF 140
C,/nF 3339 L,/uH 118
R,/Q 0.2 C,/nF 31
R/Q 0.3 R/ 0.2

BCERL IS R R 50, RL 7R %L
50, FRIVEAE REL 0, 0.9, e/ VBPEAE
FE 0,4, 0.4, TR, FIHIE M BE T 20 Q. 30
uH, RGHAWLIE U, 7100 V. B, 25940
F 3R 1112 Frone ol BAE R al [, BT i
R RS AR AR GO T HESE 1, ki sl
PR R 575 (linear decreasing inertia weight
particle swarm optimization, LPSO ) AR 1 A1 H.
SRS FEHE 5 T 24 1.98%, 1.53%, 1.44%, 0.80%.

*®3 HHSERIHAE
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Fig. 11 Iteration convergence curves
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