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Capacity Configuration Optimization of Rail Transit Wind-solar-storage System Based on
Improved K-means Algorithm
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of Performance Monitoring and Protecting of Rail Transit Infrastructure , East China Jiaotong
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Management Co., Ltd., Beijing 100036, China)

Abstract: In view of such problems as violent output fluctuation and unreasonable energy storage capacity
allocation due to large-scale wind-solar integration in power supply system of rail transit, in this paper a
optimal capacity allocation method of wind-solar energy storage system based on improved k-means clustering
algorithm is proposed. The method innovatively combines the contour coefficient and elbow method to
jointly determine the number of clusters, thus extracting the representative typical day scenes and gives
probability weights, and this design takes into account the typicality and comprehensiveness of the data,
and avoids the defects of high computational complexity of the traditional year-round method and insufficient
representativeness of the two-week method. Furthermore, an optimization model with double objectives of
minimizing the system life cycle cost and improving the power supply reliability index (LPSP, EWR) is
constructed, and the particle swarm optimization algorithm is used to achieve the global optimization of the
wind-solar energy storage capacity. The simulation results based on the typical operation data of rail transit
show that under the typical daily load conditions, the proposed method can, compared with the traditional
method, save 32.56% in cost and the the improvement rate of reliability index can be up to 28.10%, which

varifies both effectiveness and superiority of the method.
Keywords: rail transit; wind-solar-energy storage system; capacity configuration; improved K-means

clustering algorithm; particle swarm optimization

%5 H 87 :2025-09-26
. 28 .



2025 4F55 54 FEZ,F BT K-means 5% R PUE SCE KOLHE R LA B EILL

(BEE2214)

0 35l5§

AT FAE R A FL D2 ST W™ H b
SRS E AR B B B R A . SR, I SC
Butar B WIS DG (A B2 A A RN SRR, T
JAUHL 555K H e 3 L ) I A AL 5 T b
X AT 2 [A] 7R I R RT 3R B B R ARDERL, 25 5 3L
AT B R 25, SRS DRSS IRA HISCRART (4 fiy
W B .25 B 5 AR BT A T I A5 (R R, ™ o 24
AT AR RE R R S SO 9N S OB ASE L R SR &
SREIETTR, UL, A A E R SRR AR S
PR A BUE S8 B R G mROs T CHE .

FE SR 22l KOGl R ST A 25 A AE 5
JEFR, CAI RN T 2B, STER[3-4 2T
TR (particle swarm optimization, PSO ) ¥y 7t
WOCAE 2t AR | TERE AR R G5 98 AR Ty T M
T 17— AL (B KOG 5 sl ) 25 P JE , X
DAGRIEAS RO S MR AR AR DR AL . it —2Dek
X — ()R, SCHR[5—6]53 il SR H 38t 15 53 12 (genetic
algorithms, GA) 5 IARMAL (grey wolf optimizer, GWO)
X AR E ST R AT T e R b
VT RGN D) G TR 25 (R TORBEA R
A U S T Y W AL A AT A L
B BT E TEA R B . SCRR(7-8]2% 1
) FEAR AR T30 47 1] (model predictive control , MPC )i
TTBlAS TR BE B8 T 0 T SR R o (O
BRI e AR, ME LA W I3 22 38 37 5t oo PR
A A N SV N T W U R € e2s ) NG [ 2 2
5 S5 T AT X LA SHE

HXHMEG AT B P A 2 TR
THUR O 502k i R H R B B, DAGZ i KOG
O BEALME R R TR S A . SRR FH 52 4
R INEA R B I2 17 5, BB BT 4 Tl S I XL
JEBE IR E M (HHAREAR B S R, S BUR 224
Tt B N . SCHER[10- 110058 14 K-means
SFERFITESEIBUAL H A RS TR AR,
(BAEREE S SN R IR EAFE—E M, 4
by AN S ARV I TS 25 1 A Y
WERAPE S AT EEPE . SCRR[12- 13RI 25 BB R 2 S
Z HEs A Irik , BAR—E R 9T T 4525110
Bt HAE H AR5 A R BT TR AR A7 AR IR
Mo PTLUEE Y, B BIFFE AR SR IS B A i
EATE S BT SR Z AT G . it AR
SCHIABETRIER RS TPNE SO ) K-means F3E
B Re A AU R ST ERCR I FIN, A S

S 2 O 0T A S vt %) B 3 5, AT
FIRAE TS AT RS TT

X bR AR, AR SRR —FP S Tk K-means
R B W BE sc il KOG R G A AL &
B0 ZITE I A G RS TR X A
ST H B R e TR G AR IR A e
DK i ke AR A AN A2 1 Jey R , DT A e R
e S IR H 5. DR LR S
4 7 i S I AR e /AL kL AT SRR AR T WU H
BRI | IR R T REA AL Bk S B XU i
HEIEN2RI. &5, 5T HE S iz
TP EE O LS R W 207 TR Re e 7R R IE T Sk
14 (RN I 5 R R G UAS AR AR G I AR & T
S RTEEVE Dy T SR B W R

1 HEXBERLERE DT

1.1 R4

9030 2838 FR GEAE Ry T AR 1) H R A
HRAr, LRI ZER UL 1, o, KU 556K 0 02
NSRRI 1 22 5 | AR i T 4ok BRI U
[1] 870 25 A7 fi (AL R 5 B BB 53 W60 5 35 HL St S R
YT i i I S | D

| i ; i
1 H 1
1 1 1
1 1 1
: ! b
i ! R i
: AC/AC|i+—> Iy ,+—*1|DC/DC !
: P E = |
1 I 1 1
a | i
. ! :
1 1 H
i i i
I 1

1 PUBZEREEAMERE AR
Fig. 1 Rail transit wind-solar-energy storage power
supply model

1.2 BT

Bl 2 25 T SR A BILTE 52 AR 5 XU R )
Mgk, WUHLAZ XU SE A I 3, DGR 52 KSR AL )
B TR, Yo DL AE R T, s R BE N o
1t 7 AR I 20T A 3 W 7 5 SR 2 ) A7 AE B
AN UE R

0246 810121416182022
t/h

B2 SefRFnXUER H F7 ih 2k

Fig. 2 Photovoltaic and wind power output curves

« 20 .



2025 455 5 1Y)

L AR S o M

$46%5

WO 3 s 1 22 57 22 ] A L s A
Pesh PR, Hokay B9 AN 2 Rl |, 5 6 A T
PCXERE R 2 i o A B I A T EA Y F %
R AT AR RETRA FH AT G IR e f e

B szl H i s WK 3 fras, IR 3 AT
A Y B S B e B R ) LR Ry AR U

fE A T H S4ME,
80

70 F
60
50 F
¢ 401
R 30}
20}

10

0

/kW

#

4 8 12 16 20 24

21
B3 #HEXZEBAEKEE
Fig. 3 Daily load fluctuation diagram of rail transit

1.3 RSetEEEE T

SR T R ) 1 T S T KOG i R e R IE AT AL
H 5 BN KA DR SR RER B AR
1.3.1 RAReARR

W1 R LS PRt R A N

0 0<v<v.

> ci
v—U.

P L. <v<v

P _ "’U - 2 ci n (1)

WwWT — n ci

P, v, <Svs=<v,

0, v, =0

P Py o 20500 X 2 FBILSE By ) D3
PR IAE 5 P, A v, 350 Rk B BILAE Bt 2
TN E WG 5 v, F v, Z3 IR KGE
132 ARABEAR

DR INGERIUE TR RV /A W)

_p G B
mwmqﬂum T)) (2)

K Py S GAR HL b 3 2023 5 1R Dl i e AR
G, A 1000 W/m*; KFHBEHL MRS T8 25°C; P, h
KB TR (peak watt) ; A WIREE 5517 2%k
133 Fwibia

_ Py, ()
S0C,=(1-6€S0C,_, - P, xn, (3)
SOC _(1 _§)SOC + Pch(t)>< nsb

Che (t=1) P,

X P (0 Py (0) 73590 9 2 L ¢ I 58 R R P
P AT IR & Rl 0D v F R A
FEHEALAR; SOC, A HEMAE ¢ IR IR AS o

- 30 -

2 ZHEMRMUERAE

2.1 REISGH
BEXFILIE 2SOl R SR 2 R e B AR A
FEZETE R A 5 T A BEURR FH R IS5 ] s,
ARSCHEN. T E PR 27525 IR R G A
S AR R R R P T T IR R A S EAE
R R e 50 5 ia AT BUAS I IR, B2 T KOG BRI Y
THAKT, NI S BB SSE i RGeS
A AR A R AR AL . AL BFRUNTR : 1)
IMERGE AR IS ; 2) o ME R GE e %
2.1.1 ARG A LS AREFRA
BB S R G0N SRR | SRR 4 A
WM. AR BARsR G % IR IR0 ek S5
P 28 B RAR !, g A PR
minf,=C,+C, +C, +C, (4)
Forr
Cp =Py (kyCRF, +ky ) (5)
K €, WCIRRGHELEB A ; P, WICIRFR S
WE AL by OGIR R G B 185 A
(ﬁ;{lw%mgﬁﬁﬁﬁwgﬁ;nﬁ
HARBEAS A F A 5 by, WK RGPS LA
Cy =Py, (ky,CRF +ky,) (6)
KLr: Cy WA RGAELEG A Py, WXHL RS
BUE WL 3R 5 ky, 9 UHL 3R 55 5006 3008 BUAS

JTQH%M%%%%$EW%ﬁﬂ%ﬁ
+r) -

KL B2 5 by, MR RGN B 4R A

C,=C,+C.+C +C, (7)
A C, MIRARER BT LE A INAS; C, WE L
LA A Co MR BTLER A ; € NRS
EFEAET A C, R RGAEFEAN AR

Co= S P () (3)
HAr: C, AR T RUA ; P, oA ¢ B ZI %) W FEL 1)
o opy N B2 HELAY 5 A S BFE]ZE G 3
BUER 1,
212 BAMLEGFGE

K556k 1 B EALME S s, A A

fid B ANA A S B A L BE TR IR TH N T B 5
HLAY B G, BRAI T AT B AR BRI R FAICR, AT 4R
T+ R G0 T RE VR A FH K, AR SO 35 H R d/ME

CRF, =

CRF, =




(BEE2214)

minf, = 5 » (9)

W

P (1)=P, (1) - Py(t) - Py(t) - Py(t) - P,(¢) (10)
Krp: P e BEZI D RER 5 P o e EZ 0 R 50
ST P o e REZDGIR R G R SEBR R D% Py,
Kt
&

M
/]

BE 2 XU R G Y S B L1 D)% Py oA ¢ BT
HHRER G
22 AWEH
221 HEFHAR
S5 B S A /N W
Po(t)+Py(t)+ Py(t) + P, (1) =P, (t) + P(r) (11)
K. PR FZNRAAERE R G TR Y%,
222 FHEBREBE ALK
FRER AR A KA
{o <P,(t)<P,(1)P,,
0<Py(t)<Py(t)Py,
K Py i o B 200 B 25 AR 7 BOIAE
P o4 ¢ B2 A 25 o XURR T S0
223 WM AZYR
NS TR Y N
0<P(1)<P,, (13)
X P, A AR LR B R % )R
{sochm <Soc,(r)<soc,,,.
S0C.,.. <S0C.(1)<S0C,, .
K, SOC (1) SOC(t) Hy ¢ W 235 v b AR L 25
Iff R AS 5 SOC, . .SOC, . & I AL 1 /)N
i RarHURAS 5 SOC, . SOC, . FHEHAEE R iF
1) fre/ INFI B R A FELARESS
224 FAABHFEHR
TR IR A A X H
{—Pm <P,(t)<P,,
-P..<P(1)<P,
K Py(e). Po(r) by o B 2205 H b RTEE 0 H 25 RN S
TAEYIZ; Py P, HE WA A A AUE DI
225 RREFIERLHR
e AR AR R AR AN
Py, =0
P, =0

P, =0
P, =0

(12)

(14)

(15)

(16)

3 HiH K-means BERE ZE

3.1 K-means BRE L EMA

R EFETAES K-means FIETAR sl 4m
BNt S 248 bRss & PR AL B0 R 28 ol i
I T BN S S S DA g T > -0 1 S 3 XD
fitt R G AL H )& BPE SEa0E T

Kl 4 kit K-means SRR AR , £ 5 B
LI e ST a L SR S A RPN

AR
fiE R
wtate
I
v v
JRHELE LB oS
[ |
v
o HCEEE S

|

FOBT R AL

i Hh RS R

B4 BUi# K-means &% KF R EE

Fig.4 Solation flow chart of improved K-means algorithms

2 AR5 B AL B R 4 L i e AR
AL SIS E 4 ADFRTT . KOGAEREILIY B &G
ZNEUE S — AL B , i i R S R R B0k
R 1 SRR, LIRIBUR 2 B 1k 5 70 e e s
W BE Al -, AR 43 T 2 4% R O S BT BT R s o
O, B EWSR L i R a5 2R 0T
PiFF K-means 5k m A MERY R, 327 1T 00 5A rhol
BOE A HES RRA R AR E T
32 WREP—LTERER

5 8B RO fitk i 7 H RS A R 0 AR g L
FFAEZE 5, AN SOR AN 22 0 — A 5 R 0 4% S i it
FTREFR, G — FE4E 25[0, 111X A1, A3k G R (e 75 i
TERI IR 32 P IRZREER MM ORAEAS W] 48 2 %5
P AT e S A

(17)

- 31 -



20254F55 51 H T LA S T M %464

Kt : o AR, v e S BRI Re BRI RIBERS ) 0(3), W

MBS KA ; « AH— )G IFEAR(E ~ b()-a() .

33 BUEMBEAHIEE O oy O @Y
e B VS IR A R RO T 2 4

A R . W B RMSR & ’ e

RN IL 5 2 W B A BEE 5 K S(K)= 2000 (22)

WEERZEEKE o SR, B — I AR ME LI AR [F) S B BNy

HURSE, 1A PR TR, i, K., = argmaxS(K) (23)
o dE MH AL A S E "/\% K‘

ASCHR —FROEROB P T B R

AT I SN B e S 2R ) 70 s BE Y B
A 3

K-means 1 H 5 BREUE e/ MEIE T 5152 2

(within-cluster sum of squares, WSS) :

JE)=X 3 -

K w, eCFRE i MEARL «, JBTHE Csu, Nk
it . BEE REECK ¥, J(K) SRR
[N

SULINL Gl N W)
J(K-1)-J(K)

J(K-1)

2 A(K) FF 4R 235 0k N, X Y KRR A

NG|

3.3.1

(18)

A(K) = (19)

K = arg min A(K) (20)
K

elbow

XTREARS v, BOHAR IR ES a(i), S5 iR oh

332

AL S5 R4 h R R I — 2,
BARBOZAE ; Y45 R—A B, 5 AN 275 F4E -
Q(K) =Aa(K)S(K) = (1 =) B(K)A(K)  (24)
s [A]el0, 1] AP, FH 3 01 PSR T8 AR Y
HEAE; oK) B(K) 4 F 3 WAL E R 8, 5T —
R ST THLE A2
S(K
o(K)= mI?X(S()K)
A(K)
max A(K)
R FIRIBE N
K= arg;naxQ(K) (26)
Bl 5 JoR T TG K-means 537908 5538 K
DAt 2 IC OGRS F) S8 BEOR A iR L MBS 71
i Hh 2 AL XOEAE BT REIR A, B FHMELER)HE |
6 B AR ORI B BB S FIE A A R D AR B E L 1
FI AR R SR g RS, A KOG

(25)

B(K)=

|

| [wousgmme | [oemmaman] | o | | uBkmikss ) |
|

| >

i E ,
| %E% s minf,=C, +Cy +C, +C; | |
| e TR e |
s v)Fh R 5

I Eﬂﬁﬁ: %ﬁz,ﬂ%iE mlnf — _t=1 |

| it 2 7 8760 |

| BT 2E(1) |

! A -

| 4

¥ M |

| | WOt R e A 3 | | wEmEGGBY | RMARRETR \:

| ____________________

o | A B — ] _ I

|| ER WIRIEE S ||y ALt !

|omER | R R/ iﬁ)ﬁﬁ FRHIE— : ' X'=[Py Py Pl :

| #rm | L HEREHWIE) |

| | WERREAEK— ] |

| | __ SRR AR |

| - v

M S S P R P R ¥ S e S e

5 EFEi# K-means Eik B X BRLH A RRERLRZE

Fig.5 Capacity configuration optimization flow chart of wind-solar and storage system for railtransit based on
improved K-means algorithm

« 32



2025 4F55 54 FEZ,F BT K-means 5% R PUE SCE KOLHE R LA B EILL

(BEE2214)

filt AR AL 5 A I B AR S B A oK
fiff, RN R LA I E TR X RG] TA
AEZ AARACHEZL T | dl a5 A5 4l -5 A A
FB L PR R SR S B A RAE A BT S T
FENEZ Y S50 5 2 R B e B B BOR R 2R

4 BHISH

Ry 5 IE T B Y 3 T Rl K-means ST
() 511 2 38 KOG i 25 o e B P A s A & 5
DB, AR S M i AR 0 T 5 5l 7 A T 2 S XU,
SRS B AE A e WEL LA DGR
HAFSERE R GE R A RV B S AR E A R E
PREAERY Bk R 5 Sk AR R R A0k S
T REBCHAT O , A FH i K-means 2R
JEXF MRV 7 S AT 00 2K L R A A LB
RSB B TR S5 PEREXT HE 43 HT
41 HEEH]

AT T AR s R fr RS SOGAR
AR B S I RS A A O L] O AR GE A B S
118 24 /N f4e B AT S ] AR BRI AR
Fti A . iR m A B, A ST A
Uitk K-means ATy 0 0 17 5 0] FEA: REISILAL H;
NG T 28, LA DREA Ty SR MEAE

TER BB E oL R b R AR R BUA S T
PRI A A o R R BT T IS R
JE 52 a] 43 125 B, AR U W SR SRR s
Jih v 5 26 N S 7 1 (SSE ) B SR 25508 A b #a
TR AL DA S AR, i 6. 18 7 43
HAER R R BOE S TR B4

1
2345678910
RRHK

6 REREE

Fig. 6 Contour coefficient method

v o

KW T 77 fl SEE
u.wu..lstu-u-oxu-

o & 3

12345678910
ERHK

7 FhE
Fig. 7 Elbow mthod

Horp, B8 AR BUH T 2R ) B S 2R 0]
I3 EE , HARBROR 1 W SR ARG T 12 i
ZE N5 1 (sum of squared error, SSE ) i 5 28 5 A8
ey a3, SR S0 B DU R, K 6
J&7R T AN A R EHCT -7 B4 5 R BB AL, 45
RWAE K=2 WIS B R (H B 7 4 T SSE i 42
e, 78 K=2 1 3 fEE A W8 i, LG W
Pl B S5 AR U AR K=2 1E & HL R

Kl 8(a) . (b)iF— R T AR SR 5 R KU
AR SAERERY e A HEE . AR FRB R (a)
HOCR S hERE L 5 5, KL ST N TR 2R (b)
IR BMAERE T ) o H B R KOG S AR AR
LS RAIE T B Komeans J7 1 BES AT GRS
TS RGAEA B AT AT T W B 5%, O e 2k
HaACEREE 75 BN

............... ij)—
5 — filiAE
=
e e i e e )
8 9 10 11 12 13 14 15 16 17 18
i/h
(@)
10
z A
%5 .................................................................................................................. ﬁ%ﬁ‘é
=
08=9 10 11 12 13 14 15 16 17 1
ih

(b)
E8 A[EHEIGR T XL 54

Fig. 8 Wind-solar-energy storage output distribution
characteristic at different typical scenarios

42 ARIRTLLFES

R EAE R K-means B HF m AL T IELEA
) B g7 1000 s P 5 25 G AR 3 AR SO R
WA H B g H 54 FNA H 3 MUERER
gt ol SR G AR TR AL G JEE AT X L
S AR BUIE AS 58 AR G0 I SRR O
PRI S T RRIE £S5, 1T LA SR 5025 52 Fir e O ik i3
TS B
42.1 -FBEA{HT I

FESALE- H AT, 200 R G K-means f%
G AAEIE SRS R T A B . BEHC 4 b
8 h 12 h.16 h FFB4T 1 i, it A 1T 2R 5l 4
PERR T RGN Rk, B9 SR 1JERT
XT LR

. 33 .



2025 4E55 5 11 HL ) FL AR 5 O M F46%5
o 30— L5 piE 307 [— LB piE £ YR T I
S 35 G A 13\’4_25 ........ fEG Lt 423 X %1ﬁﬁj\@'T%XTLK o .
ﬁig(s) K-means S w20 R A fr TOUTR % 3 Fh o7 ik b 4740 Ak XF
iy = EP P He L S5SNI 3 BTR
gy = Bl S
N - I el £
0 4 812162024 0 4 8 121620 24 ﬁ%s <4420
/h t/h ol 12 H1s
(@) (b) § 10 10
e Hﬁm .......
B9 FHARGH TR ESE g g =
Fig.9 Comparison analysis diagram of daily typical 0 4 8 121620 24 0 4 8 12 1620 24
load condition +h th
(a) (b)

*1 BRUFFEEARABFEATATHBEEIIL
Table 1 Comparison of improvement rate of various
optimization methods at typical daily condition

Tk AT 51% AR %
itk K-means 34.56 28.10
(e RS 30.21 23.40
EELIEPS 21.50 18.25

MCHE K-means J5 35 FE AR 15 24 5 5 0 S PR 4R
TR R TP YO0 TAL G 75, R e ] SE
i T e A TR HET 28% , il 40
422 HEZEERGAA TN

TEE ZE S e L0, 6 E 3 B ik i i
TEVERE , 18] 10 534 2 S HoAE Ay 29 % 5]
SEVESR AT S AR b 00 8k A R B A
TH 0 o

0 4 8 121620 24 0 4 8 12 16 20 24
t/h th
(a) (b)

E10 EFSFRAT IR LS ITE
Fig. 10 Comparison and analysis diagram at high
temperature load condition in summer

R2 EMRLFZEEFEREIRTHMHEEL
Table 2 Comparison of improvement rate of various
optimization methods at high temperature condition in

summer
D TRAT %1% A EEMERE T %
P K-means 29.85 24.62
TR AT 25.77 21.83
TR 5T JE 1% 19.32 16.70

MCHE K-means J5 5 7E B 25 i 0 TL00 T [R)AF
IR DL AR PR BE WIS bR L TR S8 07
A AT SRR T IR F] 24.62% , S 1L G 1AL,
P H AR R

.34 -

E11 EFEERHF TR SHE
Fig. 11 Comparison and analysis diagram of low
temperature load condition in winter

#3 BFERUFEFEZSFREIATHEEERILL
Table 3 Comparison of improvement rate of various
optimization methods at low temperature
condition in winter

Dk BAT 415 1% ATEEERETH%
etk K-means 27.41 22.85
e RS 24.63 20.72
258 W J v 18.27 15.98

et K-means J¥E R4 AR T00 T 45 il 45
PRIOETAL G T5 15 BAR LA PR RE SR, 30iE 1
TEG NIPE SR T iR gt 5 &tk

25 PR, Bt K-means JrikfEFH  H &5
U 55 2 IR Ay 3 AL ALZ AT TO0 T 43R B 28 1
AIPEFA, BESETEA [R) A I S IS A7 PREE IR AR
SEPESE W, AT T RGBT AT, B
&7 KRIWs el , doh 2R 4 REIR R Gt ft
e B SR 7 T S R A SR T 5 IE
HARE 2@ KOG R a e i)z 3 1
TS TR A

5 #iE

R ST ) BT A2 8 KOG it R GE A i A i 5
JERAL TP AFTER) 2 H AR & )8, S iy 1 —Fhie T
Uik K-means ST 1Y BLIE SC 0 KOG R
HECEMTT L, SBITT

1) ik K-means 75 15 BES AT ORI B 18 5218
WOt Z GEAEA [F) B i 25 4F 1 A B BLE AT 47 5, AR
BAEGREITTERA B RN — Bk 5%
PE o TEICHER 75 3 A0 25 & 0 7 R B AR 2
DevE S AT EEdE, Ho iR S AERE RYTIC E A2 1l XT R S8
PERESETHE B OCHEAE T

2TV H B e FAC LA 3 Flui T
T, Bt K-means J5 i34 R B R 47 0 38 0 P 5 6



2025 F55 54

FEZ,F BT K-means 5% R PUE SCE KOLHE R LA B EILL

(BEE2214)

et DI R T ), AR5 203855 29.85%,
ATEEPRERTRIR 24.62% , AR BRIL TR S 241k
ST )i b7

3) Mk #aFokF , Mt K-means 77738 11 Bk
& PG € H BERISEL, 1A ] S Y37 S K B 25
etk , Aok e AL G D A REAS TUR A AR
PEARE T BP0k 22 ()80, SE TR 2 T 2 H
L Yl R O S WIS EY R A Tl A E o B = BB T B oS

IR AT 5
S 3Lk

(1] ml e 5, 2k, S ST | I8 e )
ZAEATI R SE /0L A5 274, 1-13[2025-08-01].
https://kns.cnki.net/kems2/article/abstract?v=FOlY aGTXfx
9H2JShaYynyV6Lu8nsWIWoptdW90hNn3
XIANG Chaoqun, FAN Ziyin, LI Zhaoling, et al. Research
on energy-saving optimization of urban rail train operation
based on dynamic allocation of traction force[J/OL]. Journal
of the China Railway Society, 1-13[2025-08-01]. https://
kns.cnki.net/kems2/article/abstract?v=F0lYaGTX{x9H2]S
haYynyV6Lu8nsWIWoptdW90hNn3

(2] Wz, WEH , EHIC, 5. PUESSH) 4455 1 RE0T

FELFIR[]]. BRIE A, 2023,45(2) :22-34.
FENG Xiaoyun, HUANG Deqing, WANG Qingyuan, et al.
Overview on comprehensive energy saving schemes for rail
transit train operation system[J]. Journal of the China Rail-
way Society,2023 ,45(2):22-34.

(3] JA e, T ROGAR OB T A& RE 7S B A AL L B T 5T
[D]. B 5« 1 mUF B TR, 2023,

(4] 223500 Aol , il 45, I TR0 IR i KOG hik
L A RO L) R T, 2025, 53(8) 1 11-19.
LI Shengging, QIAO Jingxiao, GAO Zehua, et al. Capacity
optimization configuration of wind - PV -storage microgrids
based on improved grey wolf optimizer[J]. Smart Power,
2025,53(8):11-19.

(5] BT, el , B4Rk, 4. A ALk % 43 DX T 13-4 1 3

AE 2P P 2 8 B At SR (). [ AL TR 24
2024,44(11) :4286-4298.
HU Haitao, YANG Kai, GE Yinbo, et al. Regenerative
braking energy utilization system and control strategy for
sectioning post in electrified railway[J]. Proceedings of the
CSEE,2024,44(11):4286-4298.

(6] A1 2. SRR G A R G0 I 25 1t T 8 B B 3 4 T SR s
WFFE[D]. B PR R 2, 2020.

(7] ARAF FREIRUT AR JcU, 2. JET 5805 R iK% M SH-AUKF
S AL SOC A THY . A T4z, 2022,17(3) :
66-75.

WU Chunling, CHENG Yanqing, XU Xianfeng, et al. SOC

estimation of Lithium battery based on Monte Carlo and SH-

AUKF algorithm[J]. Journal of Electrical Enginerring,2022,
17(3):66-75.

[8] ZHENG Y, ZHANG Y, YANG J. K-means clustering and
deep q-network enhanced fault diagnosis for ZPW-2000A
joint less track circuits[]J]. Engineering Research Express,
2025,7(3):352-364. .

[9] EQUBAL S M, ALSADUNI I, ALHODAIB A, et al. An ex-
perimental analysis of photovoltaic panel performance using
rice husk-derived cellulose nanocrystals: a response surface
methodology based K-means clustering approach[]]. Jour-
nal of Thermal Analysis and Calorimetry,2025(1):1-19.

L1045 , BRITHE A1, BE T BOIE RO SR A0 e v I Y
fitt i IRT LRI, Ha T T4 R, 2025,59(6) : 91-96.
YANG Fen, CHEN Jiangyan, ZOU Ziheng. Coordinated
planning of source-network-storage in distribution networks
based on improved fuzzy clustering mean algorithm[J]. Pow-
er Electronics,2025,59(6) :91-96.

(LT JF%E. & XOE R HL I i ) R G AL A E [ D],
TL:TLIR R, 2021,

[12] RUAN X, ZHANG L, ZHOU J, et al. Dynag algorithm -
based optimal power flow design for hybrid wind - solar -
storage power systems considering demand response[]]. En-
ergies,2025,18(17) :4576-4576.

(13 5. KOGHHEZ REH A ZE 5 M A A i L AL IC & D). 2=
I 2B R, 2023.

[14]TAN Y, LU J, WANG S. Multi-objective optimization of a
low temperature thermoelectric generation system with vari-
able material properties and air gap heat dissipation based
on energy, economic and environmental analysis method[J].
Energy,2025,330(9) : 136835.

(152 R, K 20, 5 T 2 50 B R H B U R Y

IEAHIR & & FE LK. HL ) R S8 A 16, 2022,46(16) :
178-187.
PENG Chunhua, XIONG Zhisheng, ZHANG Yi, et al. Joint
robust planning of wind-photovoltaic-energy storage system
based on multi-scenario confidence gap decision|J]. Auto-
mation of Electric Power Systems, 2022,46(16):178-187.

(16 BRI, F AN, A7 8 H . 3 i i scid e ) g e A
FHBTFEL]. BUCHLT-HR ,2020,43(1) 1 131-135.

WEI Congqi, WANG Yongshun,YANG Luyue. Research of re-
generative braking energy utilization in urban rail transit[J].
Modern Electronics Technique,2020,43( 1):131-135.

(17 12T, ALK, B A i 81 4 JXUBEL ] 20 S s etk K
i ZHVERERTSELI]. BRI, 2025,47(1) :38-46.
WANG Hong, XIE Hongtai. Research on aerodynamic char-
acteristics and braking performance of new type of wind re-
sistance braking device for high-speed trains[J]. Journal of
the China Railway Society,2025,47(1) :38-46.

[18]CHEN Y, XIAO Z,YANG Y, et al. Multi-objective optimi-

- 35



2025 455 5 1Y)

L AR S o M

$46%5

zation for impact resistance of composite laminates with non-
conventional ply orientations: an integrated finite element
and machine learning framework[J]. Thin Walled Structures,
2025,216(11):113687.

[19]ZAHRA K, JAVAD M M, EHSAN N. Multiobjective opti-
mization framework for irrigation scheduling under uncer-
tainty[J]. Journal of Irrigation and Drainage Engineering,
2025,151(5):116-128.

(20 X F5 . 3 TRtk K-means RIS 4311 bk AL B

153750 AR IR, 2025,46(1) 1 1-5.
LIU Chunyu. Distributed energy storage cluster partition-
ing method based on improved K-means clustering algo-
rithm[J]. Northeast Electric Power Technology,2025,46( 1):
1-5.

(20 JERREAR, AR, 250, 4. LT 2 H AR AL i R AL E g

5 1l X i 75 5 065 MR IE )70 L), B9, 1-9
[2025-08 - 13]. https://kns. cnki. net/ 10. 13335/j. 1000 -
3673. pst. 2024. 2229.
HAN Peidong, WANG Weisheng, LI Pai, et al. Joint plan-
ning and configuration of wind - solar - storage capacity for
large-scale renewable energy bases based on multi-objec-
tive optimization[J/OL]. Power System Technology, 1 -9
[2025 - 08 - 13]. hitps://kns. enki. net/10. 13335/j. 1000 -
3673. pst. 2024. 2229.

[22 J3RRA. ZT 2 BT L i a2 5 | il R 5¢
P RIS BT D). AL st JL Rt R, 2024,

(23 Jif. $2i8 8 4oiatr Hems 2 H AR L AL O FE[D]. I - Kl
TR ,2024.
(24 M FIH. e IR Do L 285 P 4 XU E 2R AR AR 3 47
HTTEEN]. ARSI AR, 2020,36(5) : 97-106.
HOU Lifeng. A model predictive control method of the dual
energy storage system for improving wind storage economy
[J]. Power System and Clean Energy,2020,36(5):97-106.
(25 e RPET, DR AN 5. 3 i He MO Pl A BRI A HL )
ARG AT A SE AT ITAG 7 i 25R )). m REOR
2023,49(7) :2697-2710.
HOU Kai, LIU Zeyu, JIA Hongjie, et al. Review of analyti-
cal methods for operation reliability assessment of power
systems with high - penetration renewable energy[J]. High
Voltage Engineering,2023,49(7) :2697-2710.
{EZE T
F#(1975—), B, AT, T BN F bz § § 52
T4, E-mail :34877463@qq.com
FRZ(1979—), 5 , HA TAF, L 2N F R AR
i AR, E-mail : bswis@163.com.,
RF A£(2000—), F , MEAF 5L, BT 6 A # LR
N B H AR, E-mail : 522658886@qq.com,
B (1990—), B , &1 342, B 52 7 6y A #1 4R 5F 9 36 3k
B A& R M, E-mail : gbgaobo@163.com
1% H(1983—), B, B LA, BHF L7 %1 A 5 4k
75 6], E-mail:278365383@qq.com,

(BABABESLIH4ME) 2025 &£ 5 HiT H &

1 IR A A R NI
2 9L R IR R T B
3 RIS R HL AT BR 2 B=
4 PR IR AR B I A R A A Q55 ) B
5 I SRR HOL B A BRA W G
6 BRPGAEE B THAA PR ] R 2
7 AREETASHIH -1 B AT PR 7] Fifi 3
8  BUMKTIH 1A R Hifi 4
9 FEMIE S E A PR F Hi#i 5
10 FOBr L OIoH) ) A R A W it 6
11 BRPYEILEG 2 L i AR AT BR A 7] Fi{ 7

« 36 -

12 P52 5 M H AR e Be e 03 A R W] GAIE APy

Hi 4 8
13 TR G PRA [EEER
14 B (A7) B AR BRA H]) i 10
15 BRI = I RH A R HiT4A 11
16 IIARHRIE 2 AN AT PR ) i 12
17 M AT A AT IR A A Hifi 13
18 FERARIEAEIATIR A F] i 14
19 PRAPENEASR 5 Hijfi 15
20 PHLMESERBCRLPAAT IR A Hif4d 16





