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internal resistance and 10s peak power
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Table 1 Calculative results of correlation coefficients
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Table 2 Calculative results of significance level

o . KO

AN S YR N Py
HIRE R SOC  HMLNBE WEEHIhER

ALt 7 — 0.485 0 0

it SOC 0.485 — 0.390 0.005

EERTA ]l 0 0.390 — 0

U A )y 2% 0 0.005 0 —

MR 1 A1 2, nl LA Bt H bR S SOC . Y
BELA K 10 s U4 {2y 25 79 7 22 [ 4 A DG R JBE L B Jd 3%
P, T Pearson #H5¢ R A0S |, FB AL 56 1Y
J7 XSS 0 0 3 K AT KL 5 . Pearson AH
Ko Hrh ) I f i o A8 i Z AN AEAE LR E G R, B
E AT R 5 — IR R (RO o R 4 )
R R | AR B8 2 [] SE PR AS A7 28 42 M AH SC A0k
R L PEAH O AR AR L I DL 1 K 0
I U B SBT3 K | B AR i (] A7 AR 26

PEAHSCIMERER A | S0 | 24 B A/ N 0.05 B
WA fa e i s, 5 2, K/ T 0.05 Bl
A AR it 22 [ADRE OGP 0 35 e e 38 3 R P Sl P BHL 2
[E1) F AH 56 R B0 — 0,784, W I 5 AH S AR AR K,
TG0 K 56 0 (2 25 MK S8 0<0.05, U B AR 56 1
e8| H o A5G S Ha b P BE AT 06 ) R
Z 8] AH OC R BURE - 0.606 , 48 1K 55 1Y 1 25 14 KR
0<0.05, Ui I M OGBS M G B 3 o
A2, AL ER AT DL b7 o L Ath AR B 2 ) R A DG 56 &R
R S 50 B2 T F r] 0, S5 5k AR v e b 79 3R EE R SOC
JENTBOEM  FEARNEA A A 5G4 45
WL T 3X — A5 IR EE AT SOC IAH S R -0.079,
KA 0.485>0.05, K I — 3% 22 18] KN 77 76 A
K FR WA AN H R ST
23 WANTERHLLMERT

L2 ME R A 2 2k ] A AR A rp iy AR i 2 R A
TE T B A 56 56 2, MUTIT 5 BB AR 2 B |l Al 45 SRR
WA FE SR Y TRE R FH AR fige AT A Tl 0 0 A5 724
W B R B AR B 2 B S AF AR AR R A AR S &R LU
B TSR R T 45 5 M5 A S B2 )58 A 2
PR R W FR 2 A IEAC 1 I s 2R 4 e [ ) A8 78
sk T LAV T S BRI S 2 AR R 2 T A A
S A 55 I B A O IE RS AN 4 I 3 LR i) 43
Mra s, (HJE ) Mk AR & 2 [a] 5 A AR 98 14 28 P A
et WP AR B 2 [R) B L MR AR a5 2t 3 M s
ENENOEE e O 3 vS R o d A TS RN iR vt
BEANAE A ZR B0 S R T SO 25 H b 00 Ay A AR
AR R ANAE I L A A AR R 9 (B AR B — A PR
F AR EEAE AR B B, Y I A 2 T Y
HH STk e # K BE | AS AT RE HE B Mo A — A s e
SRS N | DT R 0 T T AR L X A A R B
AR M RIS REAS S AT &R
BT R AR R A | 5 15 30 R 1 AR TR 2 Bl = 2
fa Ay

TEARSZEG | T A H b A 0 3K 48 2 7R 45 ) SOC
FUR BRI 0L T TR, T ARRE A e MEHL R
B o AR B, SN B S SOC B JE 2 8] A7 7 4t
LMERTRE, MRS LR AH S o T 25 5 P9 B
A g5 AR 5 2 (R A7 AR T SR M R 7
7 ST [ T 0 A AR R X A AR R G R M R AT
ORI

F 535341 PCA(Principal Component Analysis)
NRA T w0 gt F e W — R 5k nl
A FH Ol W 8 B0 1) e 2k 00T i 0dE B AR 1 B
R HE 5 e Bl T AR A 2 Pk 2 ) TP fBOE 3SR (AR
P 5 Bl 1) 7 25 e KAk DB 2248 i e 4k ok /0 A
Tt BRI AS ) 55, 001 B Wt B A B AR B 0, Y



5% 9 1

I PE 5 FE T RAR G R B9 GS-SVM A Tt 48 {1 ) 3 0 A5 7Y @

A B A A 22 T AL LRV 38 5 PCA 71 AT LI
JEUhE ) 1o 2 5 43 S A A 2 ) i LF AN 48 % R A
Bl b AR AR B0 ARG B s Bl b T —
A= GREE SOC TN BH ) By FRAE 28 1] Sk WL R 4R
Bl 0 IR PERREE A PCA J7 Ik X i SRR A 25 [ 1F
TGt 158050 — oy 5 E s B =
)7 22 BTk 3R 53.3% 41.5% 52%., 0 95% )
5 BT LURTHT 2 A s 2om 8 — F s S5 br b
FJEEA R R R B, o ROk R B
FEAE PO 7 o ) L 2R M AR B 2 ) IR R R A
MST MR A AR A Y, RIS AR B 2 (A7 76 55 1Y)
WA | L A AR R AR e (W ) ) AN JE
SEARYLRME I FR | O A B4 ST M AR e vk ] T A
R A AEAR = i 0L XU | TG vk BRI HE A 1T 5
F14) U AP T S5 000 &5

3 RHIEEINRRNA R

3.1 BEiERIFE

H 3R I3 H AT ek T R M [ )3 ) ik
7 FL i U L RS T Fg A D A K A 3K Bl vk
DU RT DAAR G b ffe e 3 — [R]85 9K 5l 7 ¥ 8 A A
i 3 B AR O ZR BT S — A TR R HILER 2 T B
12 B H DI SN v 42 9 B 2 10 e YR 2SO R LR
K, DT T Fi b A A (B D 3 AR S B S8 1)
HL SVM (Support Vector Machine) i /& 5 T 4t i 2%
BRE R JRTTR  HL s 2 2] S0k B B 7 2 2
e 1, JEHGE FY T/ NRE AR A U A T3

SVM 5B [ 1 T 2T LA 5 S8
RS g Hrm 8 H AEF Lagrange ¥ |
FI b bR i i b JEST R M, Horp Bk ES A
g A BB BB o ST A e 1, T H AL 2 5L
DU 2 A A TR 1 o e e A R ) e A 3 s
X SVM HIAZ R8T 7, H S A g 38 R IS 1)
TR BRI g K — [ E ME, R 5 EAT
RUTHER MR S5 R LA S 2 50 K IR o O IRUE, B
Z A5 BN TN RS FE o e 0 B Al T B R | R
it 18 W 3 1) A5 5T AR e, NI H 7 2 50 e
{B, FEST R B e RRHHE IR ZREA R ARSI ¢ (E
R U A ) 2y RO B s R R A 2 A
IR e (B IR /N2 5 SR R 170 o 1 1 A ASE AL
JET R AT 45 R B S bR AR HUIR 7T

BExE BRI RCRAR | TR 2 Ry E MU IR X
BB F RS A A R GS(Grid Search) B 77 %
HKARTF ¢ g B4R i AUAE . AH HE A 2 A TG
ZHMA TV, B E 552 GA (Genetic Algorithm ) F
TR LA 5 COA (Chaos Optimization Algorithm) ,
GS RS A/ MEATIAL AL, GS Bk i R

Bl K L3 AE T AT LA R 2 2 NS 80E, 159 200 i
2 BURE 0 PRI 5 i 19 20 2R R D01 Ak 45
S AT A R P R A B AR 3RS T B 1T
ROR  FT LR b 78 X H B B9 GE R R aE
ATIRAHTIRTEE T A SCR A GS-SVM Jrik ity i
b U {1 g 23R ) T AR AR
3.2 HEERIIZ

X T SL B AR A5 1 120 ZH A0 | BE ML BUCH i
80 HAE NI LFEA . FIH GS HILX L RIS g
FET 25 ¢ HTSEFM W E g Tl e I8 R
Bk 2828 KK 0.5, I c—g ZHEMLZ 111
— BT (¢, g) VB MRS 50 15 83 )7 1% 2% MSE
(Mean Square Error) 55 mZE W& 3 s, GS A
P4 B B B AR S8 (e, g) TH M (16,0.0625) , I
i MSE {E &I, 7 0.003 81,

Ingg - -10

loga¢

B3 S8 M WikEERE
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Fig.4 Comparison between measured value and
estimated value for model training sample



% W & &

F£37%

@ € B &
. e e 1 400 s
= 1% i sxpiie ] " ¥
Jut Jul
< PN 4 A > - S A
® ) s sha P L TP 2 -50 &
10 20 30 40 50 60 70 80

CiRIE RS
B 5 #EENENEITIREMBITRE

Fig.5 Absolute error and relative error of
model training results

3.3 HREIRYIEIE

XFF B AR IY 120 48 | B 25 80 41l ikt
ARH KT AT 40 ALAE R AR A . A SCHEST /Y
GS-SVM AR R A K 147 F0I0 | 45 2] (1) e (5 ) R
TR 5 S PR A AT EL & 6 B, il DL E{E
SEBRE A R BE R AR 2 b AR AR B2 A
HZew) & B i @ B T A SIS S S bR
HF iR 22 SR RIR 20518 59.16 W Al 189.53 W,
i B KIE(E D00 3.65 % 11.70 %, #5115
B4 w15 BRI Ak 6 E ) 3 5 ST BRI D) R
B AR R 22 7E 20 9% LA P RY LB B SR 20 A4 5
TR A B 50 % ; AR 22 0E 10 % LA Y HL 3l 8k
w16 1, B S 40 %  AEXT IR ZETE 5%
LN B Lt S Sy 8 A IR Tt B O 209,
e RE R IR 25 R R 1 2 B AEAIRTRAIC SOC X,
Jirt R 2 Jb st g 0 1 ) 23R S (AR /)N | B8 T 0
P& X R ZE AR /N R X R 22T 8R AR K an &l 7 B,
M AT LU H AR R 22 4 K B (B 22 43 A T I (E
TR AR (R IR AL SOC) DX 38k, FoL st 151 0 45 SR i A5 s 22
A2 3l BROAH X 158 2 1R B B UGB T SR /N Y
TR HARR R 22K, PR IE(E D) %5 T 300 W
BF X6 R F R X 5 22 22 R /S

= 1650
@1%0

SPR(E WO

] 750
ﬁ 300 !
= -150 : — : ‘
10 20 30 40
FL it 2

6 WETMHEAMITES EREX
Fig.6 Comparison between measured value and
estimated value for model forecasting sample

1200

\4
—
I°N
S

YRR

120 A i 2

YRR/
g
W
b

AR R 22 / %

HL T
B 7 EERIENEIREMBEIIRE

Fig.7 Absolute error and relative error of
model validation results

FF GS-SVM FEAY L 551 A A F ) A AR
FHEL I 5 B A6 UE i AR AL A coD OF 1% 22 A

KRR SRS RINEE 3 s, BRI cOD 3
1E0.97 LI L SFHRZE/NF 60 W,
R 3 GS-SVM # R 7RI ZR AN B8 E 13 78 P BYIR £ b &

Table 3 Error comparison between training and

validation for GS-SVM model

o Ea Mk BHRE
+ 70

HRMECOD ey w2 W b2, W

LAY 131 25 0.9878 41.69 88.35 49.11

TR (14 56 1E 0.9747 59.16 189.53 72.61

A b 43 A 8 B AR S ST B I L T SR L Y GS-
SVM 52 7Y RS B8 R A R 2 5 vy, X v A (&
T 300 W) T 237 4 1038 B8 7 1 28 i TR I (E ) 26
Yty 3K N I B2 i e L T 2R F000 7 vk 04 38 FH P R
s 4t THR S Mm%,

4 ik

ASCEXT HEV 1930 7 H it | 4385 i) F b e (B 2
R ELRNER B THI R T S5 B 4
THEEME Em AT R R R SoC NFHAE R
g NS AR A SR 2 | AT W AE T R R
Wil 2 AH E AR A 1 ANEAE IS S A G, I 3t
it b #E TGS A SVM AHZE A 1 B B K 3l Tk
HENT GS-SVM 57 X] FEL il G (B D) S8 A7 Tl 45 2R
% HF AR T8 0000 (1 %o I 6 000 8 L ) R B R AR &
PIR2ZEAUN 3.65 %o, A SCHE H 0 WG R Ty 258 ot I A5 72
B B £ B 5 3 AL EE Y A TR AR AU A Eb
AN ZE L RS U S DR IE T I T 2R T
PRI, AN IR AR GRIE IR IR 25 | s Y 3
fili I, HAG ARG 0 AT ARV ) N A =, AT
PR H B IR 2 B e ] SR B A THR AT JT IR B

SETH .

(1] 2R, £S5, P EEINRE R IRE =R Ea )],
[ #1545 ,2009,11:15.

YUAN Xiaoyan, WANG Xue. Analysis of electric vehicle’s back-
ground and feasibility in China[J]. Chinese Electronic Commerce,
2009,11:15.

BV N e 1 W O S B R W B o VT 1 o s e SR D G
AR IB AT IRAETEA [ ]. 1 A g, 2015,35(6) :44-51.
PU Songlin,ZHOU Niancheng,GUO Yin. Electric vehicle opera-

tional status evaluation based on factor regression analysis and

—
NS}
[}

layered radar map method[J]. Electric Power Automation Equip-
ment,2015,35(6) :44-51.

[3] AN R AR, S5 T ANFIS Fis i 528 19 3l 7 it 1t il L
W DR B[] ], B THR 4], 2015,30(4) :272-280.
SUN Bingxiang, GAO Ke,JIANG Jiuchun. Research on discharge
peak power prediction of battery based on ANFIS and subtraction
clustering [ J ]. Transactions of China Electrotechnical Society ,
2015,30(4) :272-280.

[4] Idaho National Engineering & Environmental Laboratory. Freedom

car battery test manual for power-assist hybrid electric vehicles:



5% 9 1

I PE 5 FE T RAR G R B9 GS-SVM A Tt 48 {1 ) 3 0 A5 7Y @

DOE /ID-11069[S]. Idaho Falls,USA:INEEL,2003.

T, A S b D SRS T AT (D], M6 IR B R 15
TR 2012,

HU Yu. Prediction status of peak power of battery on HEV[D].

—
W
[}

Harbin: Harbin University of Science and Technology,2012.
S, HEV TS F by me B a5 (D). deat.db
FUAZIH R4 2013.

GUO Hongyu. Research on power capability prediction method

—
)
[t}

of HEV lithiumion battery[ D ]. Beijing: Beijing Jiaotong Uni-
versity ,2013.
[7] WAAG W ,KABITZ S,SAUER D U. Experimental investigation
of the lithium-ion battery impedance characteristic at various
conditions and aging states and its influence on the application
[J]. Applied Energy,2013,102(2):885-897.
HASTIE T,TIBSHIRANI R,FRIEDMAN J. The elements of sta-

tistical learning:data mining,inference,and prediction[M]. Berlin,

—
o]
[}

Germany : Springer, 2009.
ZHENG Fangdan,JIANG Jiuchun,SUN Bingxiang. Capacity esti-
mation of large-scale retired Li-ion batteries for second use based
on support vector machine[C]//2014 TEEE 23rd International
Symposium on Industrial Electronics(ISIE). Istanbul,Turkey:IEEE,
2014:1628-1634.
[10] CHATTERJEE S,HADI A S. Regression analysis by example
[M]. Hoboken,USA :John Wiley & Sons,2015.
(11 X053 A A WL BE T 3 n a3 43 AT 1 die /s — 3 34 1] it L 6 )
Gy BNALAL ()], ) H S ki, 2008 ,28(11) :13-17.
LIU Baoying, YANG Rengang. Short-term load forecasting model
based on LS-SVM with PCA[]J]. Electric Power Automation
Equipment,2008,28(11):13-17.
[12] SUHS e R, BE T 32 B3 43 A 3 4t 25 I 245 114 A% s 25 Jm
AU ()], W A S ki 4 ,2013,33(6) :27-31.
YUAN Jinsha,SHANG Haikun. Pattern recognition based on

principal component analysis and probabilistic neural networks

—
=)
—

Automation Equipment,2013,33(6):27-31.
[13] NELLO C,TAYLOR J S. An introduction to support vector mac-
hine and other kernel-based learning methods[M]. New York,
USA :Cambridge University Press,2000.
T BH 2, A e ] 2 5. 5 A% BRSO 4 19 XU, 2 3 e 00 T S
JrEL)]. I A A 2016,36(9) :80-86.
OUYANG Tinghui,ZHA Xiaoming,QIN Liang. Short-term wind

(14

[

power prediction based on kernel function switching[J]. Electric
Power Automation Equipment,2016,36(9):80-86.

EGFY A . T AR R Y SR ) LR o RS RO
FE[)]. R R =B 4 (A AR ,2005,35(5) :859-862.
WANG Xingling,LI Zhanbin. Identifying the parameters of the

=
O

kernel function in support vector machines based on the grid-
search method [J ]. Periodical of Ocean University of China
(Natural Science Edition) ,2005,35(5):859-862.

2o B WY S ) P T R T IR R A U IE 17 S ) 4 BL
TERR K B RS IR BEALTE B pg v ()], 01 B 3 i 4,
2014,34(3):125-131.

JI Changming,ZHOU Ting,XIANG Tengfei. Application of support

vector machine based on grid search and cross validation in

[16

—

implicit stochastic dispatch of cascaded hydropower stations[J].
Electric Power Automation Equipment,2014,34(3):125-131.

EZE BT

HH (1990 —), % i@ E T RA W
B O oI I AN W i
F 22 F A (E-mail ; fdzheng@bjtu.edu.cn);

EXAKRN973—), B, FHTFA K
B HEFR AT WL RS A AT
RAE A (E-mail ; jcjiang@bjtu.edu.cn) ;

INAAE(1979—), %, FHEEA SIH
BEEMRAEFH W BEEE TR

7 It

7 # A e E Ak A G 88 s R AT 50 (E-mail : bxsun@bjtu.edu.cn) .

for partial discharge of power transformer[]]. Electric Power

Peak power prediction model for batteries based on

data statistical characteristic and GS-SVM
ZHENG Fangdan',JIANG Jiuchun', CHEN Kunlong' , HAN Zhiqiang?,LOU Tingting’, SUN Bingxiang'
(1. National Active Distribution Network Technology Research Center,Beijing Collaborative Innovation Center of
Electric Vehicles, Beijing Jiaotong University, Beijing 100044, China;2. Beijing Electric Vehicle Co.,Ltd.,Beijing
102606, China;3. State Grid Shandong Electric Power Research Institute,Ji’nan 250002 ,China)

Abstract: Tests for 10 s peak power and internal resistance are carried out in different temperatures and
SOC(State Of Charge) values for lithium manganese batteries. In order to obtain the relationship between
external characteristic parameters and peak power data,the temperature,SOC,internal resistance and peak
power data obtained from the test are statistically analyzed,including the correlation evaluation and collinear
detection among test variables. Based on the analytical results,it is proposed to establish peak power predict
model based on GS-SVM(Grid Search-Support Vector Machine). The verification shows that the established
model has high prediction accuracy and its mean error is only 3.65%. With short training time,fast calcu-
lation speed and strong feasibility,the established model can rapidly estimate the peak power of power
battery and ensure the reliable operation of electric vehicles.
GS-SVM; electric

Key words: power battery; peak power; correlation analysis; collinear detection;

vehicles



