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Abstract: To address the lack of systematic performance evaluation methods for unmanned aerial vehicle wireless
power transfer (WPT) systems, a comprehensive quantitative evaluation model based on the analytic hierarchy process
(AHP) and fuzzy comprehensive evaluation is proposed. The model establishes a hierarchical evaluation framework
from three criteria layers. charging energy efficiency, system economy and applicability, as well as reliability and
environmental adaptability. These are further subdivided into 13 specific indicators, including transmission efficiency,
rated power, unit power cost, maintenance convenience, and environmental adaptability. The weight of each indicator is
determined through expert judgment matrices, and a multi-dimensional quantitative analysis of the system is achieved
by integrating the fuzzy comprehensive evaluation method. A case study demonstrates that the model can effectively
evaluate the performance of systems with different technical approaches, providing a scientific basis for the design
optimization and selection decisions of unmanned aerial vehicle wireless power transfer systems.
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Fig. 1 Hierarchical structure of indicators

1.1 FEREBERUEN B, BRI ; OSSN EE Cy, TRIETCAMLIETR AL E

By HAERWE T WPT RERZOHEIREET,  S5ei i mfr ek ok B w220, REinedE
Jefir i AR R LR TERERIIRA . B & 5 CHEHE  FRARGSHRIAES; @TAEEIR C,, 1§ WPT R4
br: OFRBCER Cy, 1RGN ASIEITCANL DA op A T m DI s A R, Wi g
PRt S ) o B S BE A SO, AR R GERE R S REUTCHREE N, LREARIRAN R, i
FZHEAABFER SR, MACREREEDR RS SEBOEE RGN E; ©TAF
BN P S AT, @BUEIR G, 18R E G, BIFRE . BRNK . MEREREEE
SAEBAE PRI TEH IR, RYIREREE DR, 2 RG-S R AE
FIRYFEHN ], FHERTE T AN TARRCR S iRHHEIR.



208 i, b

E 4 o5 24 %

1.2 REA&FHSEREAEN B,

B, RLE R G A= i JA U A B S TR BN
LS RIILECRE ), g T HOR AT S T
1. EAE 4N ENR: OB MA C,
WHELL “IUIWT RITR, L85 T REMRELE | B
HBEAA PG A, =R JC ANl WPT R 584
W BT SEDALHT R E R A TR, @ AL
WRCHE C;, TR RGEX AR . AR
SN LA L TR AT I R AR, BRAE R
Qe R et S TR MBI B A
P& T @RGEIRE Cq, 18 RGLH S
MERE , IR A B9 FR e ] LA AR SE M4 T 5
i @Y R EE Cq, 18 R 50 H W A4 s i
R PR AT, e A (A 4 AT LR R iz
JEAR
1.3 AIEESIEENEEN B,

B, Ml RGAEA LRI TAE BT S E s
TRE STHARE . B 4 Mats: ORSHf
Cio, TERLLTCERE . I8 7508 DL R G RIS
T PERERRE N, QWA Cy, 185
GLTARR = R AR G R =X R ANLE B/
ol @5 RGN T, TP VB
@%eM Cp, HMAGRGHALIE, di. Sl
TRAPFN S PIAGIN 5 22 AW s OIRBEENINE Cg,
T8 RGAETERIEE | R By FUKSE B PR
AN AERRIE R TARRIRE S, ORI AR P AR T
N3t Al SERE FH AL B

P BT, M T — M E LA HRRE
3AMENEFN 13 MR ZE S I R IR A AR
PRI R T AN WPT RGEMAZLEAE
REFISEPRILHIMHME R AT, JRZkiz ] AHP
BT IH SE R O T IR SRS M A

2 ETF AHP iR EITE S S
2.1 HERRILEHTS

TEMIEE T Se B RIMA R Z e, F—1x
SHL DRR A E A5 2 U A TR bR B AR R A, A

AR/ N B R e T iZ AR PR AR S PN T R
TR WL EAE B AHP, AL
AR PR AHP B AU . AHP S 7
R | RO S —BUERGS, REBH LK
2B W A S T R AR, TR 27 i
RAE 3 BCX — 2 0ol 5, ARIEEE 1 s
“I~9BREEE” AT S, X F— RN FE bR
HEAT PRI LA e Ak ) s T T DL, A )
JERDE T AbR)E, ARSI AR X T 1o i
W JZ RIS, W3k 2~ 5,
®1 AHPHIHTERIREREE Y

Tab. 1 Scales and inter pretations of AHP judgment matrix
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Tab. 2 Judgment matrix under A

A B, B, B,
B, 1 3 4
B, v3 1 3
B, v4 13 1
% 3 B, TEISHRFIMIER
Tab. 3 Judgment matrix of indicatorsunder B,
Bl Cl C2 C3 C4 C5
C, 1 3 4 6
C, U3 1 3 4 2
C, V4 13 1 2 12
C, 16 v4 12 1 3
C; 15 172 2 3 1
x4 B, TEISHRHIMT5ERE
Tab. 4 Judgment matrix of indicatorsunder B,
BZ C6 C7 C8 C9
Cs 1 3 4 5
q U3 1 2 3
Cq v4 12 1 2
C 15 U3 12 1
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Tab. 5 Judgment matrix of indicatorsunder B,
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Tab.6 Consistency index C,
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n 1 2 3 4 5 6 7
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Tab. 7 Results of consistency check

4-B~B;  B-C~Cg  ByCyCy  ByCioCyy
Anox 3.09 5.16 4.03 4.05
Cq 0.05 0.04 0.01 0.01
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Cer 0.070 0.030 0.016 0.017
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W, = {0.605 8,0.2722,0.122 O}

W, ={0.4952,0.2635, 0.1261, 0.070 2, 0.045 G}
W, = {0.558 4,0.2632,0.1219, 0.056 5}
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W, =0.6058B, +0.272 2B, + 0.122 0B,
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Tab. 8 Quantification basisfor qualitative indicators

E =27 175 (95 43) R 17(85 41) H4E(75 4%) A44(65 43) ANEHE(55 47)
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BN — R AR EHTLE IR,

AR TGN S, AL —H P REWT
FIEE R, , BAARTRRN

R,=| (12)

AT 2 AiEE AHP 38 T8 — N R ER
BEE R W, IR 25— R LB A UE S, N

S, =W, R, (13)

(O)IRALEAT .

H PR AR 3 1) 1 5 55 — R R A B &
B AR AT 2 T 24557



302 i, b

E 4 o5 24 %

4 EHIIESERS

4.1 SKBIREE

RYGEA SO EE AHP-SERIZE A TR AL 1)
ARSI, AT R T SCER[9-11] TR IA Y
TP WPT RGN RIERERT R, ATt RS
X % 3 ERGAERGNFCO . BUENR . &
RsoR A B, IR 9, REABELFHLARER Y T
ANFHAR K JETT 1]

R FEMRFEXESETLL
Tab. 9 Comparison of key parameters of systemsto

be evaluated
HiRE &5
- -
ik RIATE WEW A%
SCHK[9] ARLR i PT XHHK 10 93.6
SCHR[10] EACH AT 100 87.1
SCHR[1Y]  ZRIERRCBE AL 13 60.0

HE, AR 10 i, JETERG PRI
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X ICHR[OIY C 46158, A 8 (R MBI LT |
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£ 80 mm 1RSI 2T N R IR EE 93.6%, I L K
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Tab. 10 Calculation process of B, evaluation matrix data

f8ts 5 R & A 4G S
c, 8 2 0 0 0 [0.8 0.2 0 0 0]
c, 1 3 4 2 0 [010304 020
c, 3 7 0 0 0 [03070000]
¢, 3 4 2 1 0 [0304020.1 0
G 1 2 5 2 0 [010205020
Zi b, M BTN R,
08 02 0 0 O]
01 03 04 02 O
RB1 =03 07 0O O O (14
03 04 02 01 O
101 02 05 02 O

XFFICHRIOIN C 48R, T HER GG m) (3]
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10 01 03 04 02
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S, =[0.4869 0.2855 0.1656 0.0878 (]
S;, =[0.1566 0.2253 0.3350 0.2551 0.0299]
S, =[0.2700 0.3640 0.2420 0.1240 0]

(17)

SR X — R REIATER A IPH 3 (17)
PR — S IN R AL PPN AR
S,
R,=|S, |=
S,,
[0.4869 0.2855 0.1656 00878 O
01566 02253 03350 02551 0.0299
02700 03640 02420 01240 O
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Fe R (13), 195158 — IR R AR B G
(=5
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{s; .V =86.79

SCHRTLL] A 5 B (BN ZE G155 23 0 R

{s;; =[0.0781 0.3240 0.5060 0.1460 Q] (21)

SV =77.98

WL AT, 3T RGEMITEREIL L HEIT R«
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F 11 FHER
Tab. 11 Results of comparison
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AR SR U R T 52 1) 45 BRI 5e 111X 50
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WEE , FEE BRI S5 E WIRAU T 2 5 F WAL E
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Tab. 12 Sensitivity analysis of first-level indicators
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