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Prediction of lithium—ion battery SOC in EV based on
genetic neural network
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(1. Jianxing Honors College, Zhejiang University of Technology, Hangzhou 310023, China;
2. College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: Aiming at limits and insufficiency of orthodox methods in state of charge (SOC) estimation for lithium—ion battery of electric
vehicle (EV) , an algorithm based on genetic neural network was presented. Firstly, the realization of a lithium—ion battery condition
monitoring system was introduced; the sample data of voltage, current and SOC of a lithium—ion battery were obtained by different rate
discharge. Secondly, the genetic algorithm was used to train the weight values and threshold values of BP network considering its ability
of global optimization;the BP network was trained with the data collected from experiments,and then the SOC was distinguished from the
well—trained neural network; the feasibility of the algorithm was demonstrated by comparing real SOC with predicted SOC. The results
indicate that this scheme not only obtains the residual capacity through the voltage and current but also has a quick convergent velocity,
less error,wide adaptation range,and can estimate the SOC of a lithium—ion battery in EV effectively.

Key words: electric vehicle(EV); lithium—ion battery; prediction of state of charge(SOC); genetic neural network

0 B = FR e BA 2O E MR L,
FURT, 5 F Y SOC RGN 7 vk 2204 - AR
SCPR 4R 48 B 77 F v far HE R 2 (State of Charge, TR R RIR S IR P R )
SOC) Y AERA TN 2 PR UEFL ZIVA A PT SRS T TIATHE o B0 vdad o 11330 F Y T i ] 1) R 45 3] fl b 2 14 9
SEHL A S RN ZE S 09 S SR WA Z R n )T AR, SE MRS R R i g (B HA R B —MITER

Wim B E: 2013-05-29

EEWH: HRAKPEESTEIINH (51207139) ; VLA HAARMFERA GBI H (LY 12E07005) ; WL Tl KR4 98 1o H (2011XZ003)
TEEEY: ERE(1992-), 5 s ma FH, 2Z M F RS04 SOCATTT 7 T BIAFSE. E-mail:frank02@163.com

BEBERN: FEE, 5,888, A S, E-mail: wgq@zjut.edu.cn


http://www.a-pdf.com/?product-split-demo

- 1256 - L )

T B 3045

T, 2 B BT A A A (o 45158 2 i P[] £ 3 % i
SR T i e 2 A N R b ) T B P A B
LR A Fi o, R M AR AN X AN L BRR S TR S
), AN TS S LRSS i ROR SR
AT LB A PN BRI A BIIRZS O R, 6 A Y
ARG BE R, TR S B o T R BT — 7 14 )R FR
P o P2 I 25 VAR Al A ST ) T 2 A ) O O
A B AE HEAT N Gy > T LR B 0iohs 5 0 2%
XoF 90 e ASAEL P T8 9 A O R, — SBT3 3 400 4 {1 R
AT B4 R PR A/ MEL ™, 90 A L A A 52 e O 245 ) AT
B RIREJE

B Xt i 28 I 45 2 2] BORAIR W S0 SR A8 DA R A
Sy BN R e LA AN L AR STt — b 2 T A%
2 I 25 1) R S R4S A L SOC T 7 58 0 ST
B A% B3 Y 4 JRy 48 28 T R 4 8 A A e G i Fr 7 19
DI, SR 5 P I BP o 22 o 258 e B H e I e o 5401
D5 BRI A FE B $2 5335 AN AT LAAS 31 42 = 1 114
LA, 30 R LA e 1 22 0 246 1) 2 ) SR AU i
I3, TSP H SR A B B SOC FR R T, B AT
RS 19 5 R AT

1 BETE

1.1 B EEENRE

R T ARA 7R AR A R A I o R R st £
ZOA AR BT T R AR T T T R R RE AR
TIFEN AT89CS2 B J ML ARAAS il 25 Ay 8L b e R 285 Wl
R0, AP FIE R 3 E AL G H U 5 e AR | F ARG A
B R R AR R R e B A D A
TR A R, R G03E A F J  E FELH
Xof AR L b 5 R FEL I R ARG 9 4 o 5 A A/D B R
ADCO809 X J1E % J (1) HL R SR A 5 3 oo IR 8 A% SRR A%
DS18B20 Xk B R A 5 38 i 4 MR 0 LCD 1602 7R
P P 0 FRL A B, 5 3 Ao HR A 3 A A B g TR AR 1Y)
Bl LAEEPCHLL,

FL L 5 FEL IS R 1 R GE W T B IA T o K el
FATF G A0 ik rpL B, HEBRA 5 MOS 38 1 T S
RN, T R MU R . A, AR S|
LI B SOSAIL AR 308 3 15 5 G A ) e 2 S
16 1 H BELBELAEL , A T S B 38 L o

RGAET T, B S i B 4 2 1 R 15 A rL it i
HLHL AL, SR 5 SR B SIS H R O 3 o ER 1 4% % & PC
Mo FEHCHL IR, Q0 5 F b 1 308 88 2o v, il Fl
B2 A AR R . B BOR B R E RS T
YERRE AN 1 s

LN G R

v
| poeme |

—

=]

[T Bse (t  Rr it 2% |

[mepes | [ wsoponx |
0 R
/[IL
| wwesetr |

K1 RETARRRE

1.2 ETBPHIZMETNYEFIREE

BP 4§t 28 0 4% 2 —Fft LIS 22 I 1) 4% 4% b S A i
] PR 2%, HLA 5 SR R Lt S AR 7, mT DAAR 47 Hh
i AR L 1R) R [ SF BP A 28 W 2% 30 A 1 2 > Tl
T M L O T Lt SOC A T2

B 2 B e AT 2 H 3 2 450 W)
% AR RERARHE. MAZ SRR U
RV 1,19 580 240 b )2 H 3 SOC Fl 4
TAEEC 14 RE R AT RGO
SR ANSRAT SR H b AR e 2 s AR AR
HitZ , Smm I 2Rt E], BEAZ Lae S e
RPN R AT 15 A B E E A

(1) BREIEMEAM S N AR R

W)=Y 0, X(0) (1
N(t)=f(M(2)), j=1,2,-+-, 15 (2)
f)=175% (3)

A X —rUE AR A R AUREG @, —
EEAEAUE.
(2) it JZ 5 A P St Q MO HOC AR

P(t)= i“’/ﬁ-N/(t)» k=1 (4)
0.(1)=g(P.(1)) (5)
gx)=x (6)

A AR, @ —EHAUE.
(3) BB o Y, S ¢ UGk RIR2ERE RN

E(r)= 2[00 -Y (] (7)



510

VR , 45 FE 0% 0 22 R 465 114 B Bl R 44 o SOC T - 1257 -

(4) BP P45 177 > SR I LM A3, ARl 1 U8 1E
FUEL:

o(t+1)=o(t)-[J T+ul] J'e (8)

2P J—1R 25 1 B pRESOGAUA 17) 52— B 3 0 1 A o
PR RE , e— W28 118 22 ), u— ] IR AE T 8. =0
B, LM R A A 7k, M RORE A T K
BN R
1.3 ETEEEZNMENESHERK

WG RE R — R L AE Y A A SRR B R AR L
Tl A BEATLIE 2R Sk, A TR AR B i & T
AL FPRE & AT AL R 58 SRR S48, 7=
A —FE T N PR B A A R R A b BBk B 1
(14 DX 38, Fe A5 3 [ R SR A A

AL IR R A B P OR S B AR s, B
FEEAT MRS IS DL T, g AR R A HE R R 31 42 = i
it o S5 T2 AW A AL Sk A T 2
EAUES RE AL . T35 L 3R SR Al 22 W 4%
e AUE S A RAT

(1) 2572 45 i A HRUE | H 70 R 3 SOCREAR ,
ETE N PR, BEAIL AR AU | B4t 5

(2) 33k P 28 X AREAS A TI8 58, 7= A A N
AR 2 5

(3) AR IE N7 B RSB Y (oA 1) 358 N FE 5

(4) P18t 38X AR — R RE;

(5) R IFETR(3) , ELF L P REE R My 1k, R
S AN B 1A

T 28 I 245 SR L SOC SR A A BT, 26 2 i i A%
R R AE 2 4 )R I L I, AR5 A
2 JRy iR SR gt , Fre 2R AT 42 R e A0 1 1 B UM, DA 75
FIXFHL Y SOC A Al -

2 PR YL A T H R I S

LS T UL AT LU RE B LU IR e
PRRFIR I AR 5 S — OB R e R RE 4R sl T e
Mo MZFEYE K AT AT PR A, AR 58 R AR PR R T
12.8 V.44 7.2 AH I DERR LB A i 2 B AR L A2 3
g A A TSR T8 I R L 4 P
LY, 753 1R R ROREA O B T s L
ZMZEHIINGRZSEL, LSBT TR

lnes Bk N2 SR

(1) K WARREREE f 2 FEr B H I BT RRR e
H,2°0 14 V., #ES hJ5LL0.5C IR R RTT ..

(2) fE LT AT89CS2 B Fy ML AX) R L Tt bR 285 M )
AT A R PR A S (L FRUREL R L

(3) RHARR B AE#£(0.38C,0.75C) , L LL |
110.38C.0.5C F10.75C it B A5 5l Hi ()5 43 A5
WMFE 1~3 PR TSR E R i 2
O B[R] 522 0 DG 2R, AR R I FR Bsf 1) m] A8 R
PR S, 1 S 2 e e A A (A L L B
#z1 0.38C K LIGHIE

M/ FERE/% WV FERE/% BNV FERE%

13.96 4.21 13.10 31.12 12.76 70.21
13.59 9.55 13.01 44.44 12.63 76.26
13.31 16.92 12.94 52.33 12.41 82.57
13.18 24.02 12.84 63.11 12.08 88.48

F2 0.5CMIKLIEEIE

IRV FEHE/%  WR/NV O FERE/% IRV FEHE/%
13.95 5.66 12.88 30.43 12.58 66.01
13.55 9.83 12.81 40.04 12.44 73.87
13.25 16.65 12.74 50.49 12.26 79.99
12.99 23.22 12.68 57.26 11.95 86.74

*R3 0.75CNRLIGEIE

RV FEHIE/% RN FEIE/%  HBE/NV FER %

13.88 8.30 12.68 36.85 12.31 76.30
13.33 14.53 12.59 44.12 12.21 82.01
13.01 20.76 12.50 56.06 12.04 86.68
12.80 28.55 12.41 67.99 11.80 90.83

AT B4 LA 23 Ml R L L T R P R A
LN RIS R AN P 2 s ol 1 2 T AR 3 P T
HEL e P A L R TS R LA SR DR OG- AN i
SE FEL VLB FEL IR, P A P AT 22, BEAE A N 1] Py 4
FRUE f T ANZ 5 25 DL U BRI FL IR N, BT
WA R B X, S RE AL N T PN A 1 AN

14

04 08 12 16 2 24 28
1/h

P2 AN [RIHCHRL AR50 Lt R T S5 T R ) 5 2R
3 AR LRGN H
31 EERRE
ARTE S A 1 P 15 P 0 e 22 0 2 00

SOC S i Matlab 205 2 LS AY , AR AR LN A 3
FIis . MRHE T Fon s A kA AUE 5 R i



- 1258 - L )

T % 55304

HEME 1T 2718 BP #1280 28 o 13 AL S0AAS 2 A AU 5 1
(HIEA TR AR o

[
| XTI GL 5 |
I

| tsummcemsiy |

| mampmemae |0
¥
el

K3 RFeiife

AW L Matlab SRR AT BRI T B 45
FLAEIRFH S T LURR I e b ke b AR X0 P R
SENHL TR HL P B SOC B AR BUR L BUE AN BIEL, I
SR 2 4% S IR TR EDR . IR p 2
o 245 T LA S SR AR A e b R R R | oL SR O
T 24 Fir Y SOC AR, I AT L b 38 1 PIRES
32 RHGHE

R T SRR R R T, AR S PG L Tt 4
HEAT A a5, TR A 2R 43 S L 0.2C 0.4C 0.6C.
0.8C, Tk HLE L5 SOC K . i I gl ry sz
PO 245 6 SR A 1) PR L B R0 REAR AT 1R B IE , T e
HSOC, P B FRUuE 4 Fis .

== DR
o SEHif
o FHimifii
Q0
113
>
2 B

°135 06 04
oy 718 08 g gk

4 SOC BIE 5 92l (i %] 1
B H Yt SOC YRI5 55 I L 7y i RO X 15 22
5.09% , e/ IMAXT1R 22 4 0.03% , 5 BRI, Zeiseft
FRPUAC) BPFRZE 45 it 252 Yk kil g 1 107
rZetahn. FEFIET TR NI 2 s IS B A
M LT | ia His AL i i 22 N 2%
BB AT AR R R R EEL Tt SOC A Hh e A 11

A R BPERE S ATRCR .

TR AER L AR B A I e )11 2%
LAY, FFEA T3 RS, PTLAMRIEAN R R
R HURIEALT , Bt SOC I =4 kA aniel 5 BiR.,

F5 AR RS SOC =4E R A
4 ZERE

LYt SOC F ML EH ST A% O3 fERf
[ SOC TN AT LA S5 e L A R PSR S H s fry f
FHZ, [ S A SR e A s

AT F 46l P 3t A48 28 9 £ 00 e, Tt SOC {1, 45
TR A R R I 2 2 AR LR 1 Ak B
JRTR AR o A A I T o A =R BN H 2
2IRET7, T LI 45 2 it R AT e gk, 1%t e 3
TG HE LI SOC YTELR TINA 7 BB A B X

22 3Tk (References ) :

(1] MRl , £ BR4a . B shii 4 SOC At Iy ik R 5
REFLT]. Hit,2004,34(10):376-378.

(2] W L EAR,BERT W UHREE B SOC Ik
FFELT]. T 50 4%4R , 2010, 24(8):769-774.

(3] X ¥, Me 224 E, % Al a4 HEE Fa b soc
FEEIFZMWIFELT ] U, 2010,29(12):54-58.

(4] TRBNE ARMZR. AT B2 W 280 2 S Bk i prgE L]
TEHER A AR, 1999,39(3):1-3.

[5] F40F, ot Modivg. B i b 4L i far e R ASAG T
TEWFSELT ] FLBCT R4, 2005,41(12) : 62-65.

(6] W R ERAHLMZ SOC L M 28 Al B MEAT TR [ D], K
HRFERAY A3k TR 2B, 2007.

[7] YU H,WILAMOWSKI B M. Levenberg—marquardt training
[Jl. The Industrial Electronics Handbook,2011,21(6):
930-937.

[8] B, Jlihss, sk it A L Tt B AL M Rp I R T %
KHRGEL) ] HLHE T ,2006,23(8):5-7.

(9]  BEAEA. 4B H i BAHSSARN R [T ]. b AR
2010,29(8):46-52.

[10] 5% &, SCHIF. il IR EL NN RS T ] B THUIE,
2013,31(1):52-54.

[11] WANG C. Prediction of Battery—=SOC of Pure Electric Vehi-
cle[C]//Computer Science & Education(ICCSE),2012 7th In-
ternational Conference on IEEE. Melbourne:[s.n.],2012:466—
469.

[ £ - L 0 ]



