$42% FE5H Fo Y N Vol. 42 No. 5
2026 £ 9 A FOREST ENGINEERING Sep.,2026

- R % L 455 H A Intelligent Equipment and Technology for Agriculture and Forestry -

MDA Je A DG 2k L RE A% i R SR DR IE T AL

FRMA, RRE, FAR', BREAR?, FRA"
(1. ALK S B4 558 TRFE, 5 RiE 150040; 2. F BRI %A A 85 REHLE, %R 150070)

W E: MXitEER. BEUEEZR, KRLTANEEFE EMER", BHFISE. 22, BARGENKRETEH
ATEKZTBRANREEZT. Alt, ARHORXKETANNEETERZZOSHSHZBRNAMR. B, &L
BEFER-BRMEAHNERSHRE, BREAFROMMEBENLESHEEREE. BFFENAEXK. HX, 12
EEREEIL (crested porcupine optimizer, CPO) -FEZEIEE &L I (non-dominated sorting genetic algorithm 1T,
NSGA-11) REMMHEE (CPO-NSGA-11 ), FENSGA- I HEZRTSIANCPOREHEEL RIS, RABENKMEEENE
BEMeEN. URARARKENE D, BYRMERRED. BEAINATEENS BRMNAER, BYB-#-H2
MBRHKESHERBUIGEIE, KaParcto mMBER R, REAHNNHRFENERKIFIETULER, RHREBN
FiX89.6%, ELEFTBIhERERENS69C, ALERMURIFELS 182%, BEBAMXTANTETBRE E. .
R R T2 R

XigiE: LB REE,; MBEIGE, SERMNNK, BREE, HEKKETAN

FESHES: S778 XEktRiIRE: A DOI: 10.7525/j.issn.1006-8023.2026.05.017

Research on Optimization of Core Components of
WPT System for Forest Inspection UAV

LUAN Lingian', ZHU Liangkuan', LI Xianzhen', ZHAO Jintao®, LI Zhenjie"
(1. College of Computer and Artificial Intelligence, Northeast Forestry University, Harbin 150040, China; 2. Harbin Power Supply
Section, China Railway Harbin Bureau Group Co. , Ltd, Harbin 150070, China)
Abstract: The terrain in forest areas is complex, and the deployment of base stations is restricted. Inspection unmanned
aerial vehicles in forest areas generally suffer from “range anxiety”, and the high humidity, dust, and poor heat dissipa-
tion conditions in the wild severely restrict the stable operation of wireless charging systems. Therefore, this paper con-
ducts a multiobjective optimization study on the core component parameters of wireless charging systems for inspection
unmanned aerial vehicles in forest areas. Firstly, a system equivalent circuit based on the series-series compensation to-
pology is established to reveal the intrinsic relationship between the parameters of the core component-the magnetic cou-
pling mechanism and the transmission efficiency and temperature rise characteristics. Secondly, a CPO-NSGA- Il
(crested porcupine optimizer-non-dominated sorting genetic algorithm II ) hybrid optimization algorithm is proposed,
within the NSGA-II (non-dominated sorting genetic algorithm Il ) framework, the dynamic defensive search mechanism
of the crested porcupine optimizer (CPO) is introduced to improve the convergence accuracy and global optimization abil -
ity of the algorithm. With the core of improving the system’ s forest area’s adaptability, a multiobjective optimization
model that considers transmission capacity, lightweight design, and thermal reliability is established. Training data is
obtained through joint electromagnetic-thermal multi-physical simulation to drive the search for the Pareto-optimal solu-
tion set. The final experimental prototype tested under actual working conditions in the forest area shows that the system

transmission efficiency reaches 89. 6%, the maximum temperature after continuous charging for 1 hour is 56.9 “C, and
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the wire usage is reduced by 18. 2% compared with the optimization before, effectively solving the engineering problems

of "heavy, hot, and low efficiency" of the wireless charging system for unmanned aerial vehicles in forest areas.

Keywords: Wireless power transfer; magnetic coupler; multi-objective optimization; intelligent algorithm; forest in-

spection unmanned aerial vehicle

0 5I5

R, To AW R HY BRI % fre 55 8 BE AL T2t
RHHES) T MR 1L SRR, N A B m a
U R B I I AR K AR B AR S A
FESDAE ARG IR 5 & AR BN 55 S v A (R e
AR ERE SR SR . SEEATK
KeAHEE , R ANLBAE B E RReR & P E
REE5E N GXBARSE B 5, E OB H
ANATERERAROR F B o FREIMK XS AR IA 2. 212 hm,
Horh 809 DA L7345 78 1 T 55 2%\ 2 388 A i ) Al oz L
X, A LA SR AR A R 5 km, HLH i 3 27
BRGFLE N, mIo AFLEIREAL A2 ATIA 20 hm?
PLE, BEf% P 58 oK AR X 3 SRS .
SR, PRIX HB T UG X AL OR | 188 15 Lk E 28 A 52 PR
Pl M 55 , 1R AL Jid T (e P MR G SRR 8
BRI AT IR TR TC AW LR A TISTHE H A2 30 min,
SERRA AL [ 15~20 min, 3E DL 2 AR X
AR K, AT EE AR ST E s GE B BON AR
T NI 8 AN A AROAZ BRI o

To 2% HLBE (& i (wireless power transfer, WPT) £7 7K
FEABTOHUR AL 2 AT 5 5 S e B ST R RIS
L VSRS MR DL, ARl Te ABLAY 42 R A B 328K
PR TR R EANE TR . SEGERTHEM
B R, WPT R A LA s i 0,
CONENFRERITE 24 ST S AR =R 7 N
th o i R B L BRI 2 g F FRth KRR R T
Bl e s AR AN S HR AR E RS o 1B IS AR X OB
TR T 7 AL ER UG, Jo LA SEB ™ T AG: i A
RE” R H AR, B FRERS Jo PRAE R AR LN ]
MRRRREENTER . 1F 0 WPT RZEHRE R AL HIZ L
AR EATURA ZRAE A FLBE AR B i 2122 i Y o e i
155, HEittikit 5SS B E ERRE T R GHERH
B B R R S RE TR R, 18
MIXRHZ =T, M S MU A TR 2 5 SR shTE
INPRFF e R SR | 18 7 ki e T AL ™ A% ) B LR
HIFIE S FAEE N BRG] SRR EOR , X g it itk 42
H T e 2 FAR PR B A kA

A WA ST TR T A E 2 N T fE
SUEM S BRSBTS 2 M i e

Horp A RcHE P2 550 1T ORI BE AL SR (it E
BIEFRGRE R RIER AR L Hir 24K
PeAlrm)@ , SEEL 2 A EL i SV RE FE Fn o R] Y 1 BRAY
fiir, BT 2 B A TR S B2 B iRtz
PR RIS REAORE 8 38 SAE S BE LA fik
AR R B IE R TTRE T, RO e 4 LR
216 % 1 Y E 2 v 25 [R] I i A 7 HOBIGH 12 5
B N JRIER Bt R 73 A5 AN S B [ A R e o JuHxs
THARXTCANLWPT ZG¢ =, HAAEREAG K
BH&R RAFZ MHEMRER, EFF RS
B BhTE E R (10~20 mm) \J5 AL EE BRI ™ A% (ER
B AT T 2 BA W, RN T i
(RS 4, G GIE R EARBRIE A A RERER
o, BE 5 M AN JREB s , M DL & TARER A %
PEATERA TR R o AR o B R LAY
TR PEA EE ) B SCGHEAR FREG Ah— S T A R TR AT 5
% (improved particle swarm optimization—back—propaga-
tion, IPSO-BP) i 2 4~ REMAGT AL A5 77 R AE—
RERRRE b oGE TSR e (BT AR MARZR Btk 2 R
TR 5 R A 1 5 15 P (], 78 e R X 2%
T B2 AR 8RR

N ARG ARALREAS S AU BB ELRR | BT T
K2 BRIt ib ik S =456 IRoT 0 it AR S
G X R GRIERRER MG TR M R B T4
affttl, BERA T 2R R Y 4
ifi, EIRFFRRZ AN R GIET TR A F i kA5 |
e B IR AZ e F AR BN A G —EHESE,
B8 (SR IR T D 25 i 96 I A s 1] B 24 TR 4% 1A
Bl XTSRS X —#REIR L. B
INEITZ R BRI 2  HE SRR R
FERTIA 35 “CRAL, KA sR FE GRS UM R i = itk —
P IARBERER , FEAH EHAE T AR B3 & T
Yot o BRI ER E S F 2 IR
FET A TR AR G RRCR B2 IR AR
S g R GE G, B R AT RES R AR, KR IX
AR R E . PRI, RAZ5REHR A%
AL E R, S &M REFN R B AP T R AU,
RELRIE R SEMRIX E ZFAET T B RIRE 15T T

PRI R S5 ARG kA 2R
B oA N BB 5 A SRR R RA A



1070 O I iE

E42E

AR S H -V RS R RN A IR
SEHLRRE AU S U PO I 5 kiR, fil
Q0 BT ol 5 90 245 1) 2 L e RE T A 8L | 2 T 200
AR RLEE & E R HEF B EZ ST 1T (non-domi-
nated sorting genetic algorithm II , NSGA-1I ST AL
A& e — R L4 T A, (E3
BIETE AR R Ze st 2= [ Sl 2 R 2R 5 R Eh
FR SIS HIE R P, B2 B 735 Tl ge 2 8
TR IEAT AL S OUME , RT3 75 EMR AR A B x]
R GNERERISENR , S B SE SRAE S r R A AR
UM RE T REAY AR

BT LA I, 3 H—FhRh & e 52 SR (crested
porcupine optimizer, CPO) 5 4E 32 il HE 77 12 1% H 14 1
(NSGA- 1) i & 2 BARILETT T (CPO-NSGA- 1T )
277 AR NSGA- I v E S B FEFe TR BF BE B
FER I REMELE, [R5 CPO BLEMIRHY 4 Fhzh
YIRS R i R R AE ), AR UL R AL )
EAgh WSk ig p el , SeEHE RIS R TR 2 RIRER 55 E
FER BIER -, (ERCE | B - - E W)
Bz S , 789375 MR BRI B2 B R A5 A
= IR A LB R R IR B MBS
T B m AR BAR 0 22 H AR LAY, i £ 3K 5
73 RAGZIR1G 7371 B ST 1 Pareto S LAREE , AR AR
X SEfR TR s Re B i it 75 R ARBFFUR B
RS T AL T2 e L AR G i TR 5 R A
TR EB AR IR ST 1

1 HBERINSITERES R

FESEFRIB AT MR XA T AFITE A TS L AR G
I 5535096 2 PRARPA BT A AR AN A RO R 2 0L, LR 1o
T AHLE £ I 32 TR R KT PEA0 GPS RE L

S1 |«
Fozd

—Y

S2|te 4|
s

IRZEFCIN , BERR A A R PR SR AR IR SR ; [F]
M X BRIRZER I E BRI S B E LT RR
HASHEBHREF. LRRZSHA G EHRFER
IaEd ELR e SR AR, 100, S PR MIEHE 15 mm B 5
20 mm i BLEEA] R 30% DAL, TR E I e AR 5
PRE M. MEMRZETEE S EEBEARE
WEME, IS 5L Rs TR FER AR E. N
FRERAREMXE 2 TR N aE S RGalT, ARE
N R G S LR AR B - - A B R A AR
RN AR LS SHOT R GG eI 5 R R
MRl G52 Bin S B LR e S 4,

i

E1 #EANKIEHR

Fig. 1 Forestry UAV inspection scenario
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Fig. 2 Circuit diagram of the SS-compensated WPT system
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Fig. 3 Equivalent circuit of the SS-compensated WPT system
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Tab. 1 Partial Pareto frontier solutions

A R BE (d,,)/mm KFLE B E(N,)/ B LB B (N,)/ B HE(M)/pH WwE(T)/C FEW&EKE (D) /mm
group core spacing transmitting coil turns receiving coil turns mutual inductance temperature receiver coil length
A 2.0 19 7 33.40 77.13 B2

B 8.0 11 9 31.85 75.39 40.32

(6 9.0 14 7 31.04 58.20 BBy

D 2.0 17 5 26.15 64.37 25.20

E 7.0 13 4 19.81 49.47 20.72

F 6.0 10 3 12.3 36.1 15.96

N 149.5 V. B HI i E R, 10 Q B9 WPTiRIGFENT, T
1o EFEHLLUMEAL G R S A L S T
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Fig. 11 Experimental prototype
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Tab. 2 Main parameters of system

28 HiE
parameters value
IT’E‘/F;ﬁAﬂ-(f)/kHz e
operating frequency
WAFIE(U,)/V L4050
input voltage
BB L)/ 1560
transmitter inductance

i FLJER
W R (L) /nH 2058

receiver inductance

ZH HiE
parameters value
JEAAME S (C) nF -
primary compensation capacitor ’
BIIAAMERAE(C)/nF

. . 88.66
secondary compensation capacitor
P,
(R )/Q 10.00

load resistance

AR BIE IR 120 Hr, U, I 73 3 e 08 3 e
A\ FRGERY L VIR U, 1 53 D B W 2k B ) i e
GENERNGERT O AN A I8 7 A i L SV E RN R R

NP B HE R AT ERR RN 108 149, 5 V4. 78 AL i
B2 T AR Uy, R/ NSRRI 36. 26 V.17, 66 A,
HEERI ARG EHHEEN 74. 26 W (R ] 89. 6%,
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Fig. 13 Temperature distribution of the magnetic coupling mechanism
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