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Abstract: To coordinate the consumption progress of limited onboard hydrogen and battery
energy in long-endurance fuel cell/lithium-ion battery hybrid unmanned aerial vehicles and
prevent either energy source from being prematurely depleted, a dynamic-balance-prioritized
Pareto parameter optimization energy management strategy is proposed. An "offline
parameter optimization - online rule execution" framework is established. A battery state-of-
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charge (SOC) update model considering a 39 V constant-voltage DC bus and equivalent
internal-resistance losses is developed, while a fourth-order polynomial hydrogen
consumption model is fitted using the performance data of a 1 kW proton exchange
membrane fuel cell. The coefficient of determination, root mean square error, and mean
relative error of the fitted model are 0.9983, 157.4 mL-min ', and 2.61%, respectively. The
SOC utilization ratio, hydrogen consumption ratio, and their absolute difference are defined to
characterize dynamic balance. Seven key rule parameters are selected as decision variables,
and total hydrogen consumption, dynamic balance difference, and the root mean square of
fuel-cell power variations between adjacent time steps are taken as optimization objectives.
The non-dominated sorting genetic algorithm Il is employed to generate the Pareto parameter
set, from which a compromise solution is selected according to the principle of "balance first,
economy second, and smoothness third. " During online operation, power is allocated
according to real-time SOC, remaining hydrogen ratio, and load power. Under the 600 s
mission profile, the SOC utilization ratio, hydrogen consumption ratio, dynamic balance
difference, total hydrogen consumption, and fuel-cell power variation root mean square are
75.66%, 72.79%, 2.87%, 5.807 g, and 25.363 W, respectively. The terminal SOC remains at
24.34%, above the 20% safety limit. Compared with the equivalent-hydrogen-consumption-
priority and fuzzy-rule-based strategies, the dynamic balance difference is reduced by 62.6%
and 35.1%, respectively. Across five optimization runs with different random seeds, total
hydrogen consumption and dynamic balance difference remain within 5.807 - 5.843 g and
2.46%-2.87%, demonstrating good repeatability. Further optimization under a 1200 s low-
fluctuation cruise profile and a 600 s high-power multi-maneuver profile yields dynamic
balance differences of 0.322% and 1.733% and total hydrogen consumptions of 6.385 g and
6.025 g, respectively. The terminal SOC and remaining hydrogen satisfy the safety constraints
without triggering relaxation of the 3% threshold. The results indicate that the proposed
strategy coordinates the relative depletion paths of hydrogen and battery energy at an
acceptable hydrogen cost, preserves dual-source cooperative power-supply capability under
subsequent load fluctuations, and exhibits adaptability to known mission profiles with different
durations and load characteristics.

Keywords: fuel cell UAV; lithium battery; energy management; dynamic balance; NSGA-II
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Table 3 Comparison of dynamic-balance indicators.

HE ";ZC Ny !% A% HJg

AR S L 80.00 7233 767 5.786
AR R 1) s 1) S v S s 80.00 8442 442 6.754
WA L Pareto 751 Sk 7926 7151 775 5721
ALY Pareto e SRS 75.66 7279  2.87  5.807

% 5K W 15 B ) Neoe M Ny 70 51l A 75.66 % Al
7279 %, —HZEEMNN2.87 %, 15X LLAEE T
w/No AT SR AR S B HE SR G, AT R
SR AN, HAnH7.67 %EIKE 2.87 %,
FEME 2028 62.6 %5 AHET 538 AL Pareto fifi i 5
B, AR RFEFEAT H— o AR, (HAnH
7.75 % 5K 4 2.87 %o 3X U B 3 251 17 £ 2 i ik
RE 1% A7 20508 5 30 AV 43 i 1] A Z0RE X 3811 1)
R o SR L DU 47 1) 2 vHE SR WS 1Y) An N 4.42%, A
P AL T A A SRR S SR, (BT ES T AL
%o FRME RS ILAE TR . BRI T 425 o B v 2R
W I TEAR LG — 111 600s 1 Tl R 5]
RREVRZI N N S I

ARG ULH, AR SRR AN SR I SR A B A
SHE, MR EEREL TR REIR 2D F FH 2 (Rl AT
B4 FHPPT . ST LA S, E5T
R S A I 8 T A PRI AR IR, &I DA
REFEN AR, W AEE A b SOC JHFEBr,
NI 55 i 2 B 3 T S tME e /. AL
N, AT 5 Pareto fifi ik 0% B 4 41K
AN<3%, TAE I 2 B8 VR [F] 20 ) 22 5K 1 % 32 fif
bl 33 e SFE R BR R R Th 2R 2 RMS,  fe 443k 15



12 1 A

PN
Ae

ave
F

5 & R

An=2.87% WA fig. 245 REY], s Tt
ML BE % LA/ IO R4 QA H CSE 1 348 1) S L T A
BAR, ERFEEANA RHURAEN . R hig AT
HMNBE A K 5 R R 5 22 XUUR P 5] 3k B fe 0 1O AE 55
3.4 ATEREHNMF MU EE S

H1 T NSGA-Il J& TR LBt 5%, HARIb 4,
KA REZ BN WA FREREHLPE RIS . NS IE S A
i dc Pareto ZHRM A R E BN, ALKE
Seed=1. 2. 3. 4. 54T 5 JHLfife. Hixia
ATORFEREIIRL, A, REVEE . AWK
P R BUMT P A SR RN — 2, A AR BE AL
o BRIISATE R, BRI An 8% MIBhEs
Vi )RR ik Pareto fi#, FRAERGEE G N 4R
A HELS SRR AR IR Dh 25 RMS, 52445

FZBEHLAD T T i
=4 BEMSH
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Fig. 10 Load power profiles under different mission
scenarios
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different mission profiles

TB Nsocl% Ny 1% Anl% mH/ZgCons

J 600 s UM Tt 600 75.660 72.790 2.870 5.807
1200 s KA THL 1200 79.490 79.820 0.322 6.385
600 s Z X HLAN Dyl Tl 600 77.043 75.310 1.733 6.025

VE: THESIK: Noo NIl SOCHIZ: n,, WAUTHEER: An
N H LT My e JIFES 14 1 10 L

EFTH

F5AHI, 71200 s AN KM TH T, 3
A COF fi7 %2 8 N 0.322%, fE %5 45 R if SOC My
20.510%, FIAZASN1.6159, FHATIEEIELE
A 55 N TA) S A 1R 25 A2 T A7 E 0 8 9 S 1 9050 PR AE T
FERERE . 7E600 s Z XHLahm D &b THLR, 3
AP AN 1.733%, 5545 Wit SOC FMF R A
K008 22.957% F11.975 g, 23 /2 TR % 4 4
W, UGB SRS AE 22 IRV AR Th 28 75 Sk TR AT B ety
A A RE T

YT ASFAESSHIH, AR CHE R 6 = 3% i
% Pareto {51 i ; 41 3% BRIE T JC vl AT {5 ik il 1
TR IR TBUHE 25 4% F 5% .. = Flt T 000 1) ) 2 11l 22
B35 /8T 3%, PRG35 AR ik BB RCSE . BiRgE R
KW, Frig “BESERM—ELMNPAT” Tk
oA [ B 0 A7 BARFAE 1 2 M 45 5 T B — e &
Fic g
3.6 1Tt

CRERIFE 6—E 10 A %1, AN [F] SRS AR E
ANFEAEE R S5 AR e R i SRS P S PRI
EROHFE, AH Neoe 5 Ny, M ZEAHIE 7.67%, 751k
FSCRE VR ) FH AR ) 5 SR 0 0] 42 o) 25 o4 R S 5 A 1
B, SERPERR, (BEARCSHEEMN T AnA
4.42%, BETHEHETISS T A7 % HdEm
Pareto iifi 14t S BE AN F HE 2 Mabs, (HE 244 R A7)
A R 52 A EE v B R T g ) IR SRR X . A2
T, ARXEE TR Pareto ik 5 HS 3 AN R

MEREL T B AR, TR R AR A T 2
IRTIR N, ELH An<B3%, HiEga%EaAMRs
G PR ATBROBL HL 3t T 2 B 3 RMS, il An [F &
2.87%. [FI;, [ 8 A 9 (e i fesh R,
TRRE EEL L 3 AR AR N TR SE AR I R, A b K
FH 5 A7 B BRI PR 3 B X R Th R A, SOC
HEA R R REIEAT S5 1 R R B0 1 1R B
1, TR BT 4 SR s B 3E A R N e BT 45 52 A R
UMt Re iR e s ST R T R

MBI EE, AR /E A PLE AT DL
PRAR S BRORLHL I = R AR P AR 1 Sk ) 2
B F I R HH S B B S AR D R R/ oK 4
SOC JH FEAHXT A PRI, SR $5E iy PR ) rl it 7 4H B
1) 5 B FIh R LU s ST AR A X R
FERGIE A s A, AR A T AR R .
A IX AT, RGRE R G — BRIRTH FEL
P, HESR 4 S SOC IRFFE UMM T K E.
DRI, A SC 7 5 B AR 3 AN AR IRLAE An BB FEAIG
AR IRAE X TR A FELYR e S I sl R G P i 45 1

HE— 25 AT 55351 THIE M A P 23 AT, 1200 sk
e BT T T R B FE RMS U N 7.4
W, 5 600 s X1 T fE (K4 88.5%. HF-2%
(1) G A0 A TR it o R A G B 2 1 B R
o, SV FE S A R RS R RO R B (R BRI
W, AP ZEFIKE 0.322%. 7£600 s
Z U ZEMS TR, RERKAERIFR
m % 1350.5 W, HATS 72 W 7178 £ i i 1000
W IR R I R T2 75 oK, 0 Hl b A7 B 0 A L I A U {1
IHER, B2 16 SR DU 3ok 18 oAl e b (1 B A
TH L 4 IS RETR T P RS FE, R BT %
fH51.733%. PIFCHE TR, 155451 SOC
ARSI E AR, BB RME 3% sh4s
ST G 08 B IR B, 3R IR BT AR 5 VR R 8 3 AT 55
K A K A 1 T 28 75 SR OCHOE I S AT 55 A AR AL
TR MR, AR EIT S 0 BT T B2k
S, R A SCIGIE )52 BT B LA AE 4256 0
{E25 5T IS ECERCRE T, A2 R — 21 ] 5 240
TEANA 00 1 BT R RE ) BRTE 4R IS R g

MR SCRHE A FER , ARSCHIGIH AE T 5k
i FH NSGA-II, AN H 0 [ 5 JU SR s it 47 250
SR, AET B S T AL BRALE BEIR [ 25
HAET R, WET “E PR —Pareto 4



14 g #e F

5 & R

A —PHF R S e — LM AT 7 e B e
EHAMER . IZAESLIE T An 105 T G G iR AR
fige 2 s O B AT 73 S SR RE U A
[, JFAEMRLE Pareto fif £ it — b % [E EFE L2 5F
VERI DDA I AR TR bR, (B & S AT W R A
55 YRR AN ) TR vl ffoRE

4 i

BEXHRRL Lt B F I TS AN ATLTE K B AT 2%
SR GRS RLEIR . HAT S fE il i ekt
AN AR R, ASCERH T — Ml AP AL R
Pareto Z 3t 1k it & & PRI . 546 SR EFE
FITEAR, RCHAHEER S SOC
I 2 [FD USRS RS B A, @k it &
FEAL AR F Yt SOC BB A, F K NSGA-II
X} Bl AT A SRS (1 S S AU AT Rk, 7E3R
15 Pareto &R b, BB <P,
JEATE FOFET BT R E LS. RELW®
MR

(1) ARCHEH & PP e b5 An BRI
WL R] LV S ST FE R S L it SOC I 2 2 [H]
PIVCECAE B . 5 oy E EFEEUR By SOC PFEAT
Ji ML, An RE6E T B B R AR A IR WL B RE R AR
{552 b R R A RES, ARe R 2 H An i
“H RN Fe A RAEVRFD R S ft
T VP R

(2) H:T NSGA-Il #1588 2k Z 5tk AL se 8 35 43
75 o5 AN AR BE (i 1711 Pareto 28085, MM #8752
SHE BTl 2 (AR Tt Ty 20 1 2 1D 1)
kR GREE, AEERBEFA H ARk 2]
BRI HR—SHA, NEREASHEFTER
Pareto fifi4EH 45 &1 55 75 Rt — 2B ik

(3) ARSCHEH B BN Pl A S T e WL | e 0% dik
s i 2% gt B Al [ B AR EFEIX 38 7 U5 R
FIT 3% 37 A 8 1 Neoen Nuo A1 AN 53 51N 75.66%
72.79% F1 2.87%. 1555 A FEA J L S ms AL
TR U 42 1) 4 WS A LL, Bh A8 V47 2518 7 9l BRI
2] 62.6% M1 35.1%, Ut B 1% )7 % RE 8 3R A B 25 1l
A FRIHAERR AT . ThE D BCR A) o fEdE— PR,
R L A AR 28, B R R S AR E I S Y
BRI B0 X R) R D 2R M, DT 388 58 5 4 £ 3 3
NHIXCE R RE AR 7 .

(4) REBEHLFF FREE MG RER, K
YOERA R Rt s istr ., BEA
¥4 7 5.807-5.843g, An {37 7F 2.46%-2.87%
TR, BB AP Pareto Z 5L AL 45 S xt
BENLBILE A AT, &3 h S HORE IR BEA LS
RIMEIR G

(5) ANEMESHITH FIIIESS REH, Fritsk
B A — AT IEFLAE /1. 76 1200 sk s &K
ML THAN600 s ZRMLBNm Dy T, &
WA A AT B 1 B A& V5 28 5 N 0.322% F
1.733%, A FESY 5N 6.385 g f16.025 g. 5 Fif
T 45 RS ) SOC el 4 3 e A 4R
H AR A & 3% i i BRI (178 56, Ui A B B s 45 °F
710 S A AXHE S 8 095 38 AT 45 I R 97 BRRAE 1) 722
e, HYEFEARILEE RS M A Ae 2 1 b
THFE.

(6) AR “ 828 2 Bt b — 18 28 0 B
177 (Mg, 12 BER FH NSGA-I $2 =1 2 4
WP A A, FELE LR BT B 7Y Th 2R 4y
B, G 7L RE SRS AT R TR g . [
b, ZIEH T £ B AR A R SR RE 0

RS TR RN 5T TRESCBUAL AL WORE
HL /A FL Tt TE AN LA BR L 28 e 0 10 1 [RF) A 2 1E
5%,

AR FORG 32— 2 45 G JORE Lt IR Al AL B A
AL IR RATAR 55 B T DA K SRR S IR IR, BE TR
R 2R G0 e S DR 1 S FLRT R A SRS ) B
Wiy, ST ) VA AR R H IE N RE T . B
P, BRI TR S

2 % Xk

[11 EI'T, YANG Z, LIN Z, et al. State of art on energy management
strategy for hybrid-powered unmanned aerial vehicle[J]. Chinese
Journal of Aeronautics, 2019, 32(6): 1488-1503. DOI: 10.1016/j.
¢ja.2019.03.013.

[2] OUKOBERINE M N, ZHOU Z, BENBOUZID M. A critical review
on unmanned aerial vehicles power supply and energy
management: solutions, strategies, and prospects[J]. Applied
Energy, 2019, 255: 113823. DOI: 10.1016/j.apenergy.2019.113823.

[3]1 UY V N, KIM H M. Review on the hybrid-electric propulsion
system and renewables and energy storage for unmanned aerial
vehicles[J]. International Journal of Electrochemical Science,
2020, 15: 5296-5319. DOI: 10.20964/2020.06.13.

[4] XU, Bk, SRIEIE, & &2/ ERUOKBHRR/ A B TC ANUR R LR [J]. fi
7244, 2020, 41(3): 623474.



RS FET B O0 A ROk e /A F b R A P SR 15

LIU L, CAO X, ZHANG X H, et al. Review of development of light
and small scale solar/hydrogen powered unmanned aerial
vehicles[J]. Acta Aeronautica et Astronautica Sinica, 2020, 41(3):
623474.

[5] QBAL M A S, FERNANDO N, MARINO M, et al. Hybrid
propulsion systems for remotely piloted aircraft systems[J].
Aerospace, 2018, 5(2): 34. DOI: 10.3390/aerospace5020034.

[6] HANG X, LIU L, DAI'Y, et al. Experimental investigation on the
online fuzzy energy management of hybrid fuel cell/battery power
system for UAVs[J]. International Journal of Hydrogen Energy,
2018, 43(21): 10094-10103. DOI: 10.1016/j.ijhydene.2018.04.075.

[7]1 IEY, SAVVARIS A, TSOURDOS A. Fuzzy logic based equivalent
consumption optimization of a hybrid electric propulsion system
for unmanned aerial vehicles[J]. Aerospace Science and
Technology, 2019, 85: 13-23. DOI: 10.1016/j.ast.2018.12.001.

[8] EI'T, WANGY, JIN X, et al. An optimal fuzzy logic-based energy
management strategy for a fuel cell/battery hybrid power
unmanned aerial vehicle[J]. Aerospace, 2022, 9(2): 115. DOI:
10.3390/aerospace9020115.

[91 mithT, WO, T, &6 . MARHE I TS AN R B BOR SR A AE B 4L

Ky [J]. it 2 2 4, 2026, 47(11): 232679. DOI: 10.7527/S1000-
6893.2025.32679.
GAO Y N, XIE W Q, FANG C, et al. Key technologies of fuel cell
unmanned aerial vehicles and hybrid energy architecture[J]. Acta
Aeronautica et Astronautica Sinica, 2026, 47(11): 232679. DOI:
10.7527/S1000-6893.2025.32679.

[10]CHENG Z, LIU H, YU P, et al. Energy management for fuel cell/
battery hybrid unmanned aerial vehicle[J]. International Journal of
Electrochemical Science, 2021, 16: 210919. DOI: 10.20964/
2021.09.13.

[11] LIU H, YAO Y, WANG J, et al. Energy management and system
design for fuel cell hybrid unmanned aerial vehicles[J]. Energy
Science & Engineering, 2022, 10(10): 3987-4006. DOI: 10.1002/
ese3.1262.

[12] BOUKOBERINE M N, ZIA M F, BENBOUZID M, et al. Hybrid fuel
cell powered drones energy management strategy improvement
and hydrogen saving using real flight test data[J]. Energy
Conversion and Management, 2021, 236: 113987. DOI: 10.1016/
j.enconman.2021.113987.

[13] TIAN W, LIU L, ZHANG X, et al. Adaptive hierarchical energy
management strategy for fuel cell/battery hybrid electric UAVs[J].
Aerospace Science and Technology, 2024, 146: 108938. DOI:
10.1016/j.ast.2024.108938.

[14]1KIM Y, KANG S. Development of optimal energy management
strategy for proton exchange membrane fuel cell-battery hybrid
system for drone propulsion[J]. Applied Thermal Engineering,
2025, 257: 124646. DOI: 10.1016/j.applthermaleng.2024.124646.

[15]MA R, SONG J, ZHANG Y, et al. Lifetime-optimized energy
management strategy for fuel cell unmanned aircraft vehicle

Industrial

10.1109/

IEEE Transactions on
9046-9056. DOI:

hybrid power system[J].
Electronics, 2023, 70(9):

TIE.2022.3206687.

[16] QUAN R, LI Z, LIU P, et al. Minimum hydrogen consumption-

based energy management strategy for hybrid fuel cell
unmanned aerial vehicles using direction prediction optimal
foraging algorithm[J]. Fuel Cells, 2023, 23: 221-236. DOI: 10.10
02/fuce.202200121.

[171SUN H, MA R, SONG J, et al. A novel energy management
strategy considering internal loss and hydrogen consumption for
fuel cell UAV[C]//2023
Conference and Expo (ITEC). Detroit, MI, USA: Institute of

10.1109/

IEEE Transportation Electrification
Electrical and Electronics Engineers, 2023. DOI:
ITEC55900.2023.10186984.

[18]WU S, LV M, NING Z, et al. Advancements in energy
management strategies for hydrogen fuel cell hybrid UAVs:
towards intelligent, sustainable, and autonomous flight systems
[J]. Aerospace, 2025, 12(12): 1097. DOI: 10.3390/aerospace
12121097.

[19] SOLEYMANI M, MOSTAFAVI V, HEBERT M, et al. Hydrogen
propulsion systems for aircraft, a review on recent advances and
ongoing challenges[J]. International Journal of Hydrogen Energy,
2024, 91: 137-171. DOI: 10.1016/j.jhydene.2024.10.131.

[20] ERDINC O, UZUNOGLU M. Recent trends in PEM fuel cell-
powered hybrid systems: investigation of application areas,
design architectures and energy management approaches[J].
Renewable and Sustainable Energy Reviews, 2010, 14(9): 2874-
2884. DOI: 10.1016/j.rser.2010.07.060.

[21] frh S, FAE KL IRG 30 0 AR 4R Al A BRI Su 4R [J]. Akt

TR 2% 244, 2022, 42(8): 773-783. DOI: 10.15918/j.tbit1001-
0645.2022.161.
HE H W, MENG X F. A review on energy management
technology of hybrid electric vehicles[J]. Transactions of Beijing
Institute of Technology, 2022, 42(8): 773-783. DOI: 10.15918]/j.
tbit1001-0645.2022.161.

[22] KARUNARATHNE L, ECONOMOU J T, KNOWLES K. Power and
energy management system for fuel cell uynmanned aerial vehicle
[J]. Proceedings of the Institution of Mechanical Engineers, Part
G: Journal of Aerospace Engineering, 2012, 226(4): 437-454.
DOI: 10.1177/0954410011409995.

[23]LEE B, KWON S, PARK P, et al. Active power management
system for an unmanned aerial vehicle powered by solar cells, a
fuel cell, and batteries[J]. IEEE Transactions on Aerospace and
Electronic Systems, 2014, 50(4): 3167-3177. DOIl: 10.1109/
TAES.2014.130468.

[24] ZHANG X, LIU L, XU G. Energy management strategy of hybrid
PEMFC-PV-battery propulsion system for low altitude UAVSs[C]/
52nd AIAA/SAE/ASEE Joint Propulsion Conference. Salt Lake
City, UT, USA: American
Astronautics, 2016: 1-15. DOI: 10.2514/6.2016-5109.

[25] OH T H. Conceptual design of small unmanned aerial vehicle

Institute of Aeronautics and

with proton exchange membrane fuel cell system for long
endurance mission[J]. Energy Conversion and Management,
2018, 176: 349-356. DOI: 10.1016/j.enconman.2018.09.036.

[26] MOTAPON S N, DESSAINT L A, AL-HADDAD K. A comparative



16 & fE

Bo% 5 R

study of energy management schemes for a fuel-cell hybrid
emergency power system of more-electric aircraft[J]. IEEE
Transactions on Industrial Electronics, 2014, 61(3): 1320-1334.
DOI: 10.1109/TIE.2013.2257152.

[27]L1 H, RAVEY A, N'DIAYE A, et al. Online adaptive equivalent
consumption minimization strategy for fuel cell hybrid electric
vehicle considering power sources degradation[J]. Energy
Conversion and Management, 2019, 192: 133-149. DOI: 10.1016/
j.enconman.2019.03.090.

[28] /AL, ARfIIR, 1555, 45 . AR I L ER 423 ) R G Re B

SRWEHIE FE 3 JRE[J]. 7 #2522 4R (B SR REA2 1), 2020, 39(4): 89-96.
DOI: 10.12198/j.issn.1673-159X.3593.
WU X H, ZOU P P, FU J H, et al. Research progress on energy
management strategies of fuel cell electric vehicle power systems
[J]. Journal of Xihua University (Natural Science Edition), 2020,
39(4): 89-96. DOI: 10.12198/j.issn.1673-159X.3593.

[29] TORREGLOSA J P, JURADO F, GARCIA P, et al. Hybrid fuel cell
and battery tramway control based on an equivalent consumption
minimization strategy[J]. Control Engineering Practice, 2011, 19
(10): 1182-1194. DOI: 10.1016/j.conengprac.2011.06.008.

[30] ZHANG W, LI J, XU L, et al. Optimization for a fuel cell/battery/
capacitor tram with equivalent consumption minimization strategy
[J]. Energy Conversion and Management, 2017, 134: 59-69. DOI:
10.1016/j.enconman.2016.11.007.

[31]JIANG H, XU L, LI J, et al. Energy management and component
sizing for a fuel cell/battery/supercapacitor hybrid powertrain
based on two-dimensional optimization algorithms[J].
2019, 177: 386-396. DOI: 10.1016/j.energy.2019.04.110.

[32] LUCA R, WHITELEY M, NEVILLE T, et al. Comparative study of
energy management systems for a hybrid fuel cell electric

Energy,

vehicle: a novel mutative fuzzy logic controller to prolong fuel cell
lifetime[J]. International Journal of Hydrogen Energy, 2022, 47:
28685-28705. DOI: 10.1016/j.ijhydene.2022.05.192.

[33) GOMEZ-BARROSO A, ALONSO TEJEDA A, VICENTE
MAKAZAGA |, et al. Dynamic programming-based ANFIS energy
management system for fuel cell hybrid electric vehicles[J].
Sustainability, 2024, 16(19): 8710. DOI: 10.3390/su16198710.

[34] KWON L, CHO D S, AHN C. Degradation-conscious equivalent
consumption minimization strategy for a fuel cell hybrid system
[J]. Energies, 2021, 14(13): 3810. DOI: 10.3390/en14133810.

[35] e fiifi, AEF5 75, WHAER, BMRRHME . =T 200016 1 M A A kL e

IR G 3h ) R G Re = A BT ). fE R E S HOR, 2025: 1-11.
DOI: 10.19799/j.cnki.2095-4239.2025.0756.
AN N N, CUI X F, ZHENG J X, CHEN K J. A dynamic rule-based
optimization method for energy management of ship fuel cell
hybrid power systems[J]. Energy Storage Science and
Technology, 2025: 1-11. DOI: 10.19799/j.cnki.2095-4239.2025.0756.

[36]DEB K, PRATAP A, AGARWAL S, et al. A fast and elitist
multiobjective genetic algorithm: NSGA-II[J]. IEEE Transactions
on Evolutionary Computation, 2002, 6(2): 182-197. DOI: 10.1109/
4235.996017.

[37]SRINIVAS N, DEB K. Multiobjective optimization using

nondominated sorting in genetic algorithms[J].
Computation, 1994, 2(3): 221-248. DOI: 10.1162/evco.1994.2.3.221.

[38]ZHOU A, QU B Y, LI H, et al
algorithms: a survey of the state of the art[J].
Evolutionary Computation, 2011, 1(1): 32-49. DOI:
swevo.2011.03.001.

[39] ARFRAE, W F, J5H . 2T Pareto 1 HL ith 75 5 5238 KU (16 5 1 5
W [J]. TRl 23], 2022, 44(11): 1988-1997. DOI: 10.13374/j.
issn2095-9389.2021.03.01.005.

LIN XY, YE C Q, SU L. Pareto-based optimal control strategy for
battery capacity decline[J]. Chinese Journal of Engineering, 2022,
44(11): 1988-1997. DOI: 10.13374/.issn2095-9389.2021.03.01.005.

[40] J* HET, #h, EVERD, SBARSE, HM, EREEN, YL, T A S H

TE TG TR R AR 8 S - il SOC Al ik [J]. i Re L= SR,
2024, 13(11): 4065-4077. DOIl: 10.19799/j. cnki. 2095-
4239.2024.0546.
YINKY, SUNL, LIHM, GUO DL, XIAO P, WANG K L, JIANG K.
SOC estimation of lithium-ion batteries based on DN-AUKF[J].
Energy Storage Science and Technology, 2024, 13(11): 4065-
4077. DOI: 10.19799/j.cnki.2095-4239.2024.0546.

[A11 %5, EAE, #%F RS IR E R i g S
SOC it & [J]. #if fie Bt % 5 H A, 2018, 7(5): 897-901. DOI:
10.12028/j.issn.2095-4239.2018.0056.

JIANG C Y, WANG W C, YANG X P. Modeling and SOC
calculations of hybrid electrical vehicles (HEV) powered by

Evolutionary

Multiobjective evolutionary
Swarm and
10.1016/j.

lithium iron phosphate batteries[J]. Energy Storage Science and
Technology, 2018, 7(5): 897-901. DOI: 10.12028/). issn. 2095-
4239.2018.0056.

[42] FAUZIAH K, KURNIAWAN, KURNIASARI A, et al. Performance
test of 1 kW PEM fuel cell system to determine its empirical
model[J]. 10(3): 1982-1990. DOI: 10.5109/
7151761.

[43] MENG K, ZHOU H, CHEN B, et al. Dynamic current cycles effect
on the degradation characteristic of a H2/0O2 proton exchange
membrane fuel cell[J]. Energy, 2021, 224: 120168. DOI: 10.1016/
j.energy.2021.120168.

[44] CHANDRAN M, PALANISWAMY K, KARTHIK BABU N B, et al. A
study of the influence of current ramp rate on the performance of

Evergreen, 2023,

polymer electrolyte membrane fuel cell[J]. Scientific Reports,
2022, 12: 21888. DOI: 10.1038/s41598-022-25037-0.

[45] g te, XM, BT, . BT IGWO-PF Hik i 76 A HLAE st
SOC flit[J]. ik feRt#54A, 2022, 11(5): 1601-1607.

YUAN J H, LIU Y P, ZHAO Z W, et al. SOC estimation of UAV
lithium battery based on IGWO-PF algorithm[J]. Energy Storage
Science and Technology, 2022, 11(5): 1601-1607.

[46] kbR, 5KiE 53, MRk, 45 BT Sl ORI LSTM A 42 [0 2% ) 41
BB VE]. iERERFE 5HEOR, 2022, 11(1): 228-239.
ZHANG S F, ZHANG Q Y, YANG Y S, et al. Lithium-ion battery
model based on sliding window and long short-term memory
neural network[J].
2022, 11(1): 228-239.

Energy Storage Science and Technology,



