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Lithium battery SOC estimation based on an ABC-RFEKF algorithm

KOU Farong, WANG Tiantian, WANG Sijun, ZHANG Hong, MEN Hao
(School of Mechanical Engineering, Xi'an University of Science and Technology, Xi‘an 710054, China)

Abstract: Accurate and reliable state of charge (SOC) estimation can provide a guarantee for the safe and efficient use of
battery management systems. Given that there is insufficient accuracy of SOC estimation of lithium batteries, this paper
proposes the artificial bee colony algorithm (ABC) and the random forest optimized EKF algorithm (RFEKF) respectively
to realize parameter identification and SOC estimation of the battery model. Based on the establishment of dual
polarization model, to solve the problem of the accumulation of initial errors in online identification, the ABC algorithm
is used to search for the global optimal impedance parameter value under the minimum model voltage error, and realize
accurate identification of model parameters. Based on obtaining accurate model parameters, this paper uses random forest
(RF) to online compensate for the SOC posterior estimation error, and achieves the purpose of making up for the error of
the high-order term of the traditional EKF algorithm. Then it achieves high-precision SOC estimation. Combining a
hardware-in-the-loop simulation system and battery test platform, it realizes rapid control prototype verification for the
SOC estimation algorithm under EPA urban power conditions. The results show that the error indicators of the lithium
battery SOC estimation algorithm based on ABC-RFEKF are lower than the traditional SOC estimation algorithm. The
average error is around 1%, thereby meeting actual engineering needs.
This work is supported by the National Natural Science Foundation of China (No. 51775426).
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Fig. 1 Dual polarization model
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Fig. 2 Power battery test system
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Table 2 Dual polarization model parameters

Ry R R, C, 7, 7,
0.002 06 0.002 69 0.000 6 59 968 17534 161.59 11.121
ZSKIU‘ T I nchT/Cmax |
& 20— T
134 20 a0 60 80 100 B..= le(l—e[flk]) : C, :{6U°° -1 —1:| ;
AL ' 0S4
. il
4.5 ii_\_’_ RZ v (1_ e[fz‘k j)
< 30F L2, J
13 20 m e ﬂsln 80 100 D, =Ry 15 %, ZI:SOCk U, U, ! ;
AU
1,0”“1 ‘ 77T %?EE“ZE%%&, mnT :1; 770 y‘jﬁi%{%%
< osf—— M IEREL, ASCBREN 0.97; Crex AECK AT HZ
00 2::) 4‘0 6‘0 gb 100 % ’ y\j 32 Ah: a)k ;FD Uk ﬁ\%uyﬂ$aﬁz§jﬂgimﬂ%—%ﬁ E'
AL ;c'-%?é .
s : : : EKF SAREULREAT .
D o S 1) RGAEYIIHK
0 20 40 . ﬂﬁ(l 80 100 )20 — E[X(O)]
B
8
{Po ~E[x@-X)0x@-xy ] @
G1s | | | | 2) Befkit
0 20 w0 80 100 N
AR X = f(xkil,ukil)

4 BYHHRER
Fig. 4 Parameter identification result

KNS, 55 RC BT B (12 Byt ) B 1o 3% 7%
I FEAUOHE 2 H AR RN, B LR
3 $BEth SOC &1t
3.1 RFREEREL
R IR B U S (EKF)AZ O 2 TR il &
W, BB A A R I 2 P R gk
B TRE, 555 R I i R kI s 1t
LRGN TTHE . BUE K N Z RGIRESEN X,
RGN AU, REWNE RNz, , BL (X, ,u) NR
SIRETFE, h(x,u ) NENTE, BENRSGE
et A I vy
X =f(X U ) +o =~
AXa TBLU o (7)
z, =h(x.,u.)+v, =C,x, + D, +0v,
1 0 0

A AL =|0 e{%} 0

0 0 e[%J

P =ALPLAL+Q
Hk = Pk7C12' (Ck Pk7CII + Rk—l)il (9)

)A(k Z)A(; +Hk(yk _h()A(lZ'uk))
F’k+ =(1—Hka)Pk_

Ao X A X BN ARG RSB0 AS THR S B A T
H ONRRZUEP N 2E; P AP 435N R GLRZ )
T ZE R B S Be A THA R B A T
3.2 BENAZRME T BRFREEREE

1t EKF {71 SOC it #2H, EKF HAEZt: R4
R R B M R G2, B R TTMHEE
FBE R SR o T R S INABR R A A o R 22 v B Ty >k
(R 2, SECRMEH EKF {51 it SOC i f2
FEAERORIRZ o« R, AR SCHE Y RFEKF Sykle2-24
fif e A a) R, BT BEALAR MR A (RF) X EKF 3E
ITAMERIRAL, HE—2D3E R SOC fhiThig .
3.2.1 FEHLARMK

BEALAR AR (RF) 25261 (V7 2 A W SRR 12728120 4
TR, A B SR A A s e M =
AFEAS, X FE P EE F R AT ISR, X L
PR AR, TR, 5O SRR,
BENLARPRE A G S e i, AN 5 7 AR
A HAEA B AN SR i R AT R A CPU 1




T ABC-RFEKF HyL 4L HLith SOC fiti i1 - 167 -

SRS AT 1L
B A A AR R, 25 BT Y
&S S MREA, —FEIRE n 2, TR

IS, TS, AR AT
p=(1-3) (10)

n
\i‘!ln—)OOHﬂ‘,

n—oo n—oo

BAR, RS SURERIIES S PREAEH M
&, #WA N AFEASL, HEHEAST RS T E
SR, HELETMENEEREER, BiES S
AL E T ERES S 1 1-0.368%100%=63.2% .
PEIRAR IR :

1) F|H Bootstrap 77 % E KAE, BEHL=E m A
WS, S, .S, -

2) FIH AN GREE, A et B ok 5
C,,C,,,C ; TERAWHT M Etm, M T
AN JE MR BEHLIHE t AN B HEAE S AT s 2R
PEEE,  FFDUIXA & M A e i 1) 20 2405 o1 gk
17574

3) MR E e R A, AN AT BIA .

4) X TR EEFEAS, I REA e S 12470
W, BRI R C(X),C(X), ", C, (X)

5) KAZER T, B m NP b i %
I AIAE S B RE A i 200
3.2.2 RFEKF &L ¥t

BENLARAR T EKF Sykmtifl, sx#h T EKF (1)
JELk iR 22, $Em SOC fhiHAg s BENLARM I H 2
STREJIRINT PRALIIB I RE /T, o #3 HARd xS F A
RURE R ER AN . BRI FR R .

1) /£ UDDS T4 F, %4 et 47780 1858

lim = |im((1—%jn)=e-l ~0368  (11)

SC+. CHI+. M

— Host Computer
ITECHMW -2 P

1 F ST 1 B TR RN EKF 42 S Ab B EHE . IR T
BEMLARAR ST T AR F R O 2. R/R 2G2S
Hk. SOC sl fiti 118 SOC, 5 SOC JE3 il vz
72 SOC, —SOC, =454 . Bl zx» Hk. SOC, i
RN (RiES %),  SOCy —SOC, iy (i th
(HFZ20) . Sk 5 50 JE A 2 T 20 000 ZHFEA,
1 A8 XCBGHIE 7 14 FEBEAILR 73 N I 2548 (70%) Fi
MHAREE(30%) « TS5 2 (B A 1E S R 1)
ZE 5, RFAEA— L T IER A BT T RN AL FE

2) 18 FHBENLAR ARG EKF Sy ET $M , &5 4t
5 Ffirne ZEIEARCN, ISR BEHLAR A
TR SOC JEiflith#h=i% 2, B SOC BME 5
fETHEZ AR 22, 52t EKF ) JE Btk A& b
PHEIE, Ml SOC BEMkER . KEH#ER SOC it
HE e T ZI 2N REE, Kt SOC {E R
B TR 4 ) o

EKFAT kit #2

it 3
Ros Ris Ban C1a Ca

KN ZIHisoC
SRR |

v
BB

SOC] - S0C,

5 RFEKF EEL5HE
Fig. 5 RFEKF algorithm structure diagram

4 SLUGEERFNDHT
4.1 REFESIRARIR G &
AK T DSPACE A &4 7=f] MicroAuto

Box A HEAT SHEAAR TR AR BREE A% 1 J5 R (RCP) 91
ik, PO ] R R GRS 5 W 6 fos. @i

Tektronix
MDO3014

Host Computer
DSPACE
Contros Desk

et
te i

FLEAG I HUR

6 RFIEHIFRREIET &
Fig. 6 Rapid control prototype verification platform



- 168 - LY EE X T EE R

AW B2 &, FF PC % Matlab/Simulink 44
AR HIE AL {4 MicroAuto Box. ) /7HL
M R4 —F 45 Ak, 12H MicroAuto Box 1]
/O ARSI 5 B, SE B ERITE
LRIIE
4.2 WRENEE D

N T B UE B AR AR B R M, DASEEIERIR
TRY 5 (EPA) R E 3k 17 3 77 T (UDDS) N 3Rk
e 1% LHUE B S bR AR EAT 3 T
R, AT E IS SRR, MR K
20 000 s, [ 7 B sy H R o) BE A i 22 ih 4%

— WL
s g
- - ABCHBHIE

/v

1.0 1.5 2.0

It el/s X0
(a) i LI
0.27 , |
= MM
5 =
:5 02 1]’[ 0.10 // 1
B iooos| ) /
I= UAE 0 s
0.6 ﬂrﬂs{}_?ﬁ 0.80 085 090 095

0 0.5 1.0 1.5 2.0
IR} /s x10*

(OECENRES S
7 1R R R HR A Ak
Fig. 7 Model terminal voltage and error curve

H& 7 AT4%, RO, MR T RS H
WHR, 3T ABC FIEHISHHHRTT EAIUHEHT B
REAM BN, eV BTGB BOFFIR ARG 1
F R, KIESR s S ORIk . BB ABC B
IR REIE I 51 A R ARAT s TSR A A )R
TS G ER B R LA AR SR, ABC AR
it FEL I B SR S A R i HEL T AR ZE AR AR, BB
FhE VEANHIRZE AT INGR 3 s

R 3 EGAELYHAR ABC #HAIREEIRENHT

Table 3 Error analysis of traditional online identification and
ABC identification terminal voltage

BRIRZEEIV SPHIRZEIV Y05 AR %
FEGAE AR 0.481 0.064 3 0.041 4
ABC ##il 0.097 0.0397 0.0219

H# 3 11§, 7£ UDDS LI ~, MHE T4
LHRTTE, FT ABC BUEMSEHHRTT B K

RERRKT 79.8%, TFHIHREMRKT 38.2%, 75
MRARZERFR T 39.2%. HERW, T ABC HiLH
SHHERTT EREMRRAT LG BEHHR AR 0 14 17 L
SE P A RV (RS R S B T

4.3 RFEKF B EEE S

i BAE RFEKF 8£B%% SOC {1t (1) v
B, AN SO FH B 75 SEBR B L) UDDS T, )
FAHE R I SE i BV, 34T RCP fELREGIE. ¥
SEfRfe H ) SOC e 515 4t EKF 595 F RFEKF
HIESH SOC HEXE, WK 8 A, K 8(b)
FEE 8(c) B 8(a)wIHAF G I R ok, B 9
9 SOC flithiRZ .

H &l 8(a) T &, RFEKF. EKF 321 Tt ik o
SOC ks AR —5, RFEKF Sk etk
WS E 52 SOC (I, REMSHLTF LIl SOC ()
Fifaftit. i 8(b)Alf3, RFEKF Et EKF HikHE
Bt Sl BRI, VGt S50k
FEREHR, i RFEKF S92 RE 58 AERA FEA it s
PEo P 8(c)RI 4, TEJER AKX BB, SOC

1.0 e
— UDDS L% FikSaf
08F b wene EKF 4L
- - RF-EKFH#fik
o 06F
0.4 — 5
02+ ¢
0 0.5 1.0 1.5 2.0
[N 8] /s x104
(a) 4= Rt L
0.955 T r
ST — UDDS it F il 4 {8
. . =ees EKFHiE
0950 . = » RE-EKFH{ik
]
8
0.940 : ‘ L s :
500 550 600 650 700 750 800
i [a) /s
(b) B A LL
0.13 T
. — UDDS Lt F ik g
sees EKFHIE
=N — - RF-EKF7ik
0.10+
)
QD
29
0.05 - ‘ . -
1.84 1.85 1.86 1.87 1.88
- *10%
B [)/s

(c) J7 Wm0 FE B
8 RFEKF BX&fhit ARt EKF it ahZexstt
Fig. 8 Comparison of RFEKF joint estimation and
standard EKF estimation curve



g, e irin

ERR, &

F£F ABC-RFEKF Sy )8 Hiith SOC 111 - 169 -

—-- EKF{ik

— RF-EKFili%

fliih i

I [ /s %104
9 RFEKF BX&fhitFdRifE EKF iR ZE /IR EL
Fig. 9 Comparison of error curves between RFEKF joint
estimation and standard EKF estimation

TUM IS, RFEKF S2HE T4t EKF BLRE
PRS2 F S SOC fHFTiL, B RFEKF LA
PPt ne. BAKRE, AEMEIRREE4r
HfhTF SR SOC, JF HirZERBON RE, BRI
PR ZEBOR I, RSO S S R S L.
9 n[13, EKF BIEF ZHE B, fdimzE 2,
FHSOC it /5 RZEwK, 1 RFEKF B4 6e
SEMURETAR) SOC flith, RZERARE, JHKZ RF
HPAMERRAL T EKF HE G MR 22 . VAR 2
Gt ingk 4 .
% 4 RFEKF B3 EKF BESRIREG T4
Table 4 Statistical analysis of RFEKF algorithm and

EKF algorithm error
RKREIN FEIRZEIV Bz
EKF 5% 0.039 3 0.0195 0.028 4
RFEKF 513 0.029 8 0.013 1 0.015 4

¥ 4 A[7%, 7 UDDS T.F, 3T RFEKF
] SOC it &R Z bRk T4 4 EKF 5k,
ML TS EKF 592, RFEKF Sk KR %
FEAIC T 24.2%, “PIRZEPICT 32.8%, HIJ7iRR
ZEPEAC T 45.8%. FEEK M, RIS EKF
LIRS B THR 2 TAME SB1E, kT
fE 48 EKF Sy (P 2R s o IR 22 SR i, A
T4 =4 H it SOC i iHAE .

5 £Eip

NS SOC mifg Efh T, $2H ABC ZHHHR
FFE LA Eh SOC i1 RFEKF 53, 184 LA
T

1) K ABC 5% 58 BB AL AR TR ) 2 B,
fif i 7R S BT ARALI BO R AN RS B ).
T AR v L RS PG AE, IRIG S5 R, AR b
JE 5 06 H s fh 2R A AR — 35 BRI v F P
YJRZH 0.039 7V, PIHIZSEHHR T ZEENE SZH
B EEL A TR RS AR

2) 1] RFEKF 535 5¢ B Hidt SOC filiit, fi#
kT EKF FEA S ARV R 22 i) L, wRb
T RSN R W 5hrE EKF FE0r L, 45
®WY, EMFEITHCR, /] RFEKF SIELERIH
T, JE WA RE S HERR ML AT SOC, HE AR H AL
fH: HoPS R T haiE EKF FRMIKT 32.8%,
TR ZEECT 45.8%, HdE R W RFEKF 5%
FER IR Lot il SOC A BRIM BRI AR E P -
B3 3k
(1] Jage, Xz, 1R, & hEMRAREG T A

2 SN A S5 2S8R e T A /N SR B A []. B

TR, 2021, 57(2): 200-209.

ZHOU Wi, LIU Hongyuan, XU Biao, et al. Predictive

equivalent consumption minimization strategy for power

split hybrid electric mining truck[J]. Journal of Mechanical

Engineering, 2021, 57(2): 200-209.

(2] #R%E, O3, XEE, & BRIREERTEEA
IR B B S R HI]. ) RGO 542,
2021, 49(7): 150-159.

HU Yunhua, FENG lJintao, DENG Qingchuang, et al.

Development and application of automated test platform

for DC charging piles of electric vehicles[J]. Power

System Protection and Control, 2021, 49(7): 150-159.

(3] fEAR%R, MRUFER, T8I, 55 —FpET AT Choguet
IR L) R G IS W VR SR G VAL SRS [3]. R
RGP S50, 2021, 49(6): 145-154,

REN Yirui, LIN Jikeng, NING Jian, et al. A comprehensive

evaluation strategy of a power system fault diagnosis

method based on dominance and the Choquet integral[J].

Power System Protection and Control, 2021, 49(6):

145-154.

[4] YAN Gangui, LIU Dongyuan, LI Junhui, et al. A cost
accounting method of the Li-ion battery energy storage
system for frequency regulation considering the effect of
life degradation[J]. Protection and Control of Modern
Power Systems, 2018, 3(1): 43-51.

(6] Wi, £, HAL, & 5T LSTM ME Mg
FHAeT FRES A L[] 4R HL7, 2020, 33(3): 26-33.
MING Tongtong, WANG Kai, TIAN Dongdong, et al.
Estimation on state of charge of lithium battery based on
LSTM neural network[J]. Guangdong Electric Power,
2020, 33(3): 26-33.

(6] FREHE, ek, RN, 55 EET#0HICIZEE RN —
IeTF B FE BTG F AT HUR S TE LA TH 0], B st il
KR, 2020, 54(12): 1340-1346.

CHEN Yushan, QIN Linlin, WU Gang, et al. Online state

of charge estimation for battery in electric vehicles based



-170 -

LY EE X T EE R

(7]

(8]

(9]

[10]

[11]

(12]

[13]

on forgetting factor recursive least squares[J]. Journal of
Shanghai Jiaotong University, 2020, 54(12): 1340-1346.
RAHIMI-EICHI H, BARONTI F, CHOW M Y. Online
adaptive parameter identification and state-of-charge
estimation for lithium-polymer battery cells[J]. IEEE
Transactions on Industrial Electronics, 2014, 61(4):
2053-2061.

FEAR, XPEfE, A, 5T BCRLS-AEKF 14 £
TR RRES A T SAE A AE IR [0]. B R
2], 2020, 40(3): 275-281.

WANG Zzhifu, LIU Zhaojian, LI Renjie. State of charge
estimation and hardware-in-loop verification of lithium-ion
battery based on BCRLS-AEKF[J]. Journal of Beijing
Institute of Technology, 2020, 40(3): 275-281.

%, HiE, 2500 € B STEKF (M# 5 13h /) st
SOC fli%[I]. MR H L2 4l (H AR RR), 2020,
48(2): 69-75.

TIAN Sheng, LU Qing, LI Yafei. SOC Estimation of
li-ion power battery based on STEKF[J]. Journal of South
China University of Technology (Natural Science
Edition), 2020, 48(2): 69-75.

REEHT, Z504h, MEH, % 2T DAUKF [ st
SOC fH Al SOH fE Il EWFFL[I]. |~ AR 71, 2020,
33(4): 9-16.

KANG Daoxin, LI Liwei, YANG Yuxin, et al. Estimation
of SOC and SOH values of lithium battery based on
DAUKF[J]. Guangdong Electric Power, 2020, 33(4):
9-16.

BEAR, IR, BZK. 5T PSO-ELM [ fiAEHE
A BRSSP B TREE AR, 2020, 39(1):
165-169, 199.

MIAO Jiasen, CHENG Limin, LU Hongshui. Estimation
of state of charge of energy storage lithium battery based
on PSO-ELM[J]. Electric Power Engineering Technology,
2020, 39(1): 165-169, 199.

AR, ERBMR, LR, 55 VCM BN IBAS-
EKF 4 it a7 AR A Al TF [OL). ML AL 5 HA:
1-10[2021-05-09]. https://doi.org/10.13433/j.cnki.1003-
8728.20200287.

KOU Farong, WANG Sijun, WANG Tiantian, et al.
Estimation of IBAS-EKF lithium battery state of charge
under VCM[J/OL]. Mechanical Science and Technology
for Aerospace Engineering: 1-10[2021-05-09]. https://doi.
0rg/10.13433/j.cnki.1003-8728.20200287.

X7, LA, HEA, & BETHENFEY RRRE
JEBE I IR ZE B 77 Wb 4 AR i A TR ar HUIRAS A 4R
JiE[] B TTHEARZER, 2020, 35(4): 698-707.

LIU Fang, MA Jie, SU Weixing, et al. State of charge

[14]

[15]

[16]

[17]

[18]

(19]

[20]

estimation method of electric vehicle power battery life
cycle based on auto regression extended Kalman filter[J].
Transactions of China Electrotechnical Society, 2020,
35(4): 698-707.

R, ZERME, BRI, WL RY 4R 72 A 72 1) 28
LIt SOC it/ []. FIHS 3R, 2020, 57(3): 32-38.
TAN Faming, LI Qiuye, ZHAO Junjie. Research on SOC
estimation method for lithium batteries with uncertain
model errors[J]. Electrical Measurement & Instrumentation,
2020, 57(3): 32-38.

WY, B, EReE, 55 R T Hod LSTM Rfikadk
A LA N A SOC A tH[J]. M RG Ry 542,
2021, 49(8): 144-150.

MING Tongtong, ZHAO Jing, WANG Xiaolei, et al.
SOC estimation of a lithium battery under high pulse rate
condition based on improved LSTM[J]. Power System
Protection and Control, 2021, 49(8): 144-150.

BERY, KRG, RN, & R TBIERKSIEK
SOC i 5[] it A S HU [0 IR HL, 2020,
49(8): 55-63.

LI Junhui, ZHANG Xiaochi, LI Cuiping, et al. Variable
parameter model of lithium battery based on SOC
estimation of modified Kalman filetr[J]. Thermal Power
Generation, 2020, 49(8): 55-63.

JB2EE, I, AR, & AR Atsh SRR 2
HURIBOTIEQ]. sl 51k, 2021, 58(6): 91-96.

TANG Shengxue, XING Yue, ZHANG Qiran, et al.
Parameter extraction method of photovoltaic cell dynamic
model[J]. Electrical Measurement & Instrumentation, 2021,
58(6): 91-96.

RO, WERIEE, EEARTT, A TR RO X R i A
R RGN ETHI]. HE Y, 2020, 53(5): 128-134.
ZHAO Bin, HU Ruwei, JIANG Dongfang, et al. Optimized
design of lithium battery system for microgrid energy
storage in severely cold and high elevation regions[J].
Electric Power, 2020, 53(5): 128-134.

faT kG, A, WRoR. I RE IR AE K BH A A7 i TN
SR B N A [J]. K BH B 2= 4k, 2018, 39(12):
3392-3398.

JIAN Xianzhong, WU Jie, GUO Qiang. Application of
artificial bee colony algorithm in parameter identification
of solar cell life prediction[J]. Acta Solar Energy, 2018,
39(12): 3392-3398.

BREE ARG, VLo, A T CSOEE R A I SRS 1 S
BRI 72 0], PUNR AR (TAEREERR), 2016,
48(2): 132-138.

CAI Jun, ZHOU Peng, SHEN Bilong, et al. Feedback
fuzzing based on improved roulette wheel selection



F£F ABC-RFEKF Sy )8 Hiith SOC 111

- 171 -

[21]

[22]

[23]

[24]

[25]

[26]

strategy[J]. Journal of Sichuan University (Engineering
Science Edition), 2016, 48(2): 132-138.

FBCE, X/NE. BT R BN E5Z R 5% EE R H
FENURERAL BTt rh R FH [J/OL]. Hh E R T2 1-14

[2021-04-28]. http://kns.cnki.net/kcms/detail/42.1294.TH.

20210319.1738.018.html.

WANG Lianguo, LIU Xiaojuan. Sine cosine algorithm
based on the honey gathering mechanism and its
application in mechanical optimal design[J/OL]. China
Mechanical Engineering: 1-14[2021-04-28].http://kns.cnki.
net/kems/detail/42.1294.TH.20210319.1738.018. html.
skmit, REM, A ET IFA-EKF f8 E b
SOC % [J]. fEReRI = EHIAR, 2020, 9(1): 117-123.
ZHANG Yuanjin, WU Huawei, YE Congjin. Estimation of
SOC of lithium batteries based on IFA-EKF[J]. Energy
Storage Science and Technology, 2020, 9(1): 117-123.
B, ARIMIE. TR A AR ) Bl ) A e it
RS A TEHEFT[I] 37 B I IE R 27 22 4R (B AR B2 i),
2019, 47(1): 58-61, 92.

GAO Jinhui, ZHU Yingzheng. Study on state estimation
of power lithium battery based on new power supply
model[J]. Journal of Henan Normal University (Natural
Science Edition), 2019, 47(1): 58-61, 92.

XD, Zebh, (0, 4 JLT EKF-SVM B30
it SOC AT 54 TF%, 2020, 42(11): 1522-1528, 1544,
LIU Xingtao, LI Kun, WU Ji, et al. State of charge
estimation for traction battery based on EKF-SVM
algorithm[J]. Automotive Engineering, 2020, 42(11):
1522-1528, 1544.

Aeik, VUIEE, 254a, & BT BHLARMREDL 1 B
JIAAETM]. B RGRY S5, 2020, 48(21):
117-124.

LI Yan, JIA Yajun, LI Lei, et al. Short term power load
forecasting based on a stochastic forest algorithm[J].
Power System Protection and Control, 2020, 48(21):
117-124.

FRULOH, SRR, SR T, &8 BT IR
RN SFATR ). R, 2020, 48(8): 123-129.

[27]

[28]

[29]

[30]

CHENG Jiangzhou, XIE Shiyu, ZHANG Yunning, et al.
Non-invasive load identification based on clustering
weighted random forest[J]. Smart Power, 2020, 48(8):
123-129.

LI Yi, ZOU Changfu, BERECIBAR M, et al. Random
forest regression for online capacity estimation of
lithium-ion batteries[J]. Applied Energy, 2018, 232(15):
197-210.

TEME, THE 2R, 5 TR AR R
SoC #il'[]. M1 KRG MRy 5], 2019, 47(21):
150-155.

DING Tongwei, DING Yue, LI Liang, et al. SoC design
for key technologies of outdoor installation protection[J].
Power System Protection and Control, 2019, 47(21):
150-155.

VLT R, B0, AEHTE, 4. 55T dSPACE 4firis)
R HIL @B IR B3k 510, 2021,
36(3): 70-75.

JIANG Nanyu, WU Dongmei, DU Changging, et al. HIL
modeling and testing of pure electric vehicle based on
DSPACE[J]. Automation and Instrumentation, 2021,
36(3): 70-75.

WA, B, %, & BTSS! ASRCKF 5%k
PR BT H A HUIRZS A THI]. )4 H 4y, 2020, 33(10):
16-25.

BU Chuanyu, JIANG Kun, REN Jun, et al. Estimation of
SOC of lithium-ion battery based on improved ASRCKF[J].
Guangdong Electric Power, 2020, 33(10): 16-25.

ks H#A: 2021-05-20;

&EHHR: 2021-07-05

(=T

BARWN973—), B, @fa4H, HE, R, 2K

F AN F AR QTR G @A fed g T4
E-mail: koufarong@xust.edu.cn

EI#ME#(1996—), %, MEARE, TEAFRBLETE

F %77 @ 895 5. E-mail: 1939027068@qq.com

(%h3E JB & 4E)



