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Electric vehicle hybrid energy storage system CEEMD-PE energy management strategy
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Abstract: There is a problem of the life attenuation of lithium-ion batteries caused by high-frequency demand power
components during electric vehicle driving. Thus a complete ensemble empirical mode decomposition-permutation
entropy (CEEMD-PE) energy management strategy is proposed. The electric vehicle power demand is decomposed into a
finite number of intrinsic mode functions (IMFs), and each component is reconstructed into low- and high frequency
components according to the data complexity of each IMF measured by PE. Finally, the high-frequency components
containing transient power and fast changes are assigned to the ultracapacitor, while the low-frequency components are
assigned to the battery. The experimental results show that, compared with the Haar wavelet strategy, the root mean
square (RMS) value of the lithium-ion battery current in the medium-speed and high-speed regions is reduced by 5.91%
and 4.17%, respectively, and the current peak value is reduced by 14.70% and 5.77%, respectively. The proposed strategy
helps to suppress the high-frequency power demand endured by lithium-ion batteries and reduce the impact of large
currents on lithium-ion batteries.
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Fig. 1 Structure of hybrid energy storage system for electric vehicle
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Fig. 2 Energy flow in traction mode
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Fig. 3 Energy flow in braking energy recovery mode
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Fig. 4 Energy flow in ultracapacitor energy supplement mode
2 CEEMD-PER&HEREREBEIES A

2.1 EEREAZEIRES DR

LIRS Iy IR Ht B B (R It A ROEE SRR SR
SHEGHAT R, G S AFRAELRYE. A PR [a)
Fem U9, 5 ST 78 S M 1R 8 O 2 R B /N R
B AR B A3 R /N 43 A L, EMID TG 75 TR
Fppd, BAHEMNEE . EMD BB IEFRES
a3 i N — R BN A A B 1) RORE 1 AR IR A 3 bR 4L
(intrinsic mode function, IMF)4 &, DIAE iR 1L 546
5T CEAN R B RUBE R B 3R o R i i 6 e
SRFEATH T R IR EMD 2 f#, w ULRERIE
SHAEEYNTT, RN AE S a B R, st
EMD 73fift, JRIG1E 55 IMF p & KRN

X0 =m0+ (0 @)
K x(0) NEIEE S m, () NE i A IMF 4y &5
r) IR

IR RS 5 HBLRWTE 5 1, EMD 702



R, 55

HEMR IR &% At £24: CEEMD-PE RS &5 1 5 1% - 125 -

PR RBIG, SEHMAHRIN IMF 8, 2%
AR L, S A BRI S RAE EMD
(RERH b HET I, Rk T EMD PRI IR B i,
{78 7 EMD X JELPEAE S p AL BAR 3 .  1% 7Vl
SIS . S AR A B 7S, B
I T EMD SRERIBESIR AN, WAL MR
U355 30 P R P S T 7 A A i g 122,
CEEMD 4 L R AR
WO, ERGE S R — 4R NMESE
RS B T 7
X ()= x(6)+n; (1)
{X}U)=XU)+niU)
K x(0) WIS
LR
SRIG, SHES x ()« x7 () #1T EMD 4,
MESHE—RIIMF 08, Hos i ME SR
JAIME SRR £,0) « £ (00 £ (0 AR BIRES ¢
MBS j A IE IMF 2B A7 IMF &

WG

5)
n () WEWER: 0 () A

. (6)
X =2 1

HE FIRPE n K, BERISIHTIY AW 5 75,
23] n 41 IMF BI8E6A, K )a — 4083 00 Res.
A NARZS ] IMF 43853 Bl SR SME, "I i 40 4s
s um(7).

L@=iikﬁm+ﬁ®) 0

X, f,(0) 79 CEEMD 70 e {5 5 115 j > IMF 73
o ZHERIE TE S MR e 8, BRIt
PRI BN, KRR TR,
2.2 HH\kS
£ X%} CEEMD 38|14 TAF /7805, A3
51N PE, Ui &N TP 5 BRI, e
T J B ART (1) 43 &, SEBEE A Ay i AR
538 o PE & — PRl i 18] 57 51) Bl AL 14 A B s A2 4k
(7735, HEFIRE O, HE] sl 442, % T
—YERS AT 5 { X (0),i =1,2,-,n} , TEAHZS[E] Y LAY
fE—T0F x(i) » P E]—A> m 4523 0) (1) B A H G,
@) s .
x()  x(1+1)
x(2)  x(2+1)
x(j)  x(j+1)

x(I+(m—-1)7)
x(2+(m-1)7)
X(J+(m=1)7) ®)

x(k) x(k+t) x(K+(m—1)r)

X joNEMEERANE, j=12,,K: m Ak
NS ¢ RAERI (] FEREMAT N EM . ¥
G ANENSERET T ERHS, 0 R.
x(i+(, = Do) < x(i+(j, ~ Do) < - < x(i +(j,, —1)7)
©)
KA ji s g, NEMFER & ITTRERS.
XF AR 51 X (6) A 25 18] B A 5 43 B R R
T—ATH AT MR B — A5 75, wnxl(10)FR.
NOEIVIASEN N (10)
A, 1=12, 0k, HE<m!. m 485 AIMSEANE
(75 78] LLAELE m FhES 7 200 SRS IR I £

SIS IS BBy Bk < )
AN ST L E
Hop(m) ==Y P InP, (1

BT — b, "TISHESEE P A
P:H?ﬁmnﬁ<P<l (12)

2.3 CEEMD-PE gE2EIRRIE ARG S2H]

AR EREY) R F RS Mg SR TR
SRS IR FE R B AR, —m,
AWK AR, Hh A BRI T LTS
Bz, MREEAY, B EMETA
Tt S8R R A, B DRk I T Ay
H AR WS ERE) . B —J7 T, BTl
L 2 B T LS 5 FE I A R A e,
5 Fir, IRAMRERGRERE B HIRIE T EEH K2
SR BN S BARAS  B AL B H 2 A
B3 7 b 2 T Y D)2 5. R, dfid CEEMD
WD ZFTRAG TN FIZNE) IMF 73 &, 48
PE E=EA RN IMF 775 R, DIfE =i
A IMF 23 10193 0, 4 75 SR Ih 2R B AR AR
BURFRMEIME S RTFE K.

Ueak, HFXTE S a i A S, 1E
PRBe G4 0 A I I W Th R F RT3, M
3T Y PR B T 3 7 HLIR IR F R B 5 e AE . [RI I,
7843 ) FH R 2 F 2% KA 2 70 T30 R AR R ) R R
P, (A F AT R TR

DL CLTC-P ¥ THUNH, 1% TOUEFERKIE
HRO AR 3 N IX ], 42 674 s, 693 s Al
433 s, THAKILTT 1800 s, BiH475 AT 14.48 km,
BN 114 knvh, “FEEE N 28.96 km/h7,
w6 frs.



- 126 -

Py/kW

Fi(t)/kwW

Fs (1)/kW

t/s

0 S T S S S N
0 200 400 600 800 1000 1200 1400 1600 1800

(TbvEs

Prow ()/kW

t/s

5 CEEMD-PE

0 200 400 600 800 1000 1200 1400 1600 1800

Fit)kW

R()KW

t/s

« : : S S i .
0 200 400 600 800 1000 1200 1400 1600 1800
t/s 1

~60 i ; L ; 1 I L i
0 200 400 600 800 1000 1200 1400 1600 1800 |
t/s I

O

RE B EIHRIRIER

Fig. 5 Block diagram of CEEMD-PE energy management strategy
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