B4 B2 WomOR AR O AR R ) Vol47,No.2
202042/ Journal of Hunan University (Natural Sciences ) Feb.2020

XEHS :1674-2974(2020)02-0102-08 DOI: 10.16339/j.cnki.hdxbzkb.2020.02.014

EHF IMM-UPF 948 BB ith Fap{hit

xR RS TR, FROTET, B &
(BB R2E IR TR AR, 28 /AR 230009)

B OE. BT A TRXEZX %A (Interacting Multiple Model , IMM ) e J 3% 45 - 98 7%
H % (Unscented Particle Filter, UPF ) #4942 W, o4 & K & (State of Health, SOH )&+ 7 5%, 4+ % B
AT SOH A3+ 7 & KA ZR RER ToA57 APERREFEAA, F1T AT SR
A I IG BALE Ao 2 AR AL 09 IMM, 38 1 UPF s T & RAR A P AT 04004 194, AR U8 O
84 25 R ah4E by SOH AT TN, 2 HL T 42 oo A4 A 1 M 69 SOH 45 #4 4& 4. #1367 IMM
B R AR o AL 5 ik, 40 T PR am ey SOH A%+ F ik |, il ad 4y A Ao 52 36 3¢ R B AR A 8 47 %t
Vot AiAe LI sE R R, PTAR 695 T IMM-UPF #9428 & 3 SOH 13+ 45 5 694 55 B J
AR AR EAH 19, FILT SE A

KR AT R i RIRS 2R RE KX SR Rt 4T IIE

FESES TMI12 M HFRERG: A

Prognostics of Lithium—ion Batteries Based on IMM-UPF
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(Automotive Engineering and Technology Research Institute, Hefei University of Technology,Hefei 230009, China)

Abstract: Aiming at the problem that the current SOH estimation method requires a large sample size and is not
suitable for tracking the results of the whole life cycle,this paper proposed a lithium battery health state estimation
method based on Interacting Multiple Model (IMM) and Unscented Particle Filter (UPF) algorithm. Through the
establishment of IMM model based on polynomial model, double exponential model and integrated model and the use
of UPF filter to solve the problem of particle dilution in resampling process,the SOH of lithium battery was predicted
according to the results of filter,and the accurate estimation of SOH in the whole life cycle of lithium battery was
realized. In this paper,the selection basis and modeling method of IMM were discussed , the detailed SOH estimation
algorithm was given,and the different models were compared by simulation and experiment. The simulation and
experiment results show that the standard deviation of probability density function of the proposed IMM-UPF based
SOH estimation result of lithium battery is only 19, which achieves high estimation accuracy.
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Singh S NPT T — ik TASORY) 122 A £ 1 Pl el
SOH HH%& Tk, Hp e k2211 (Electrochemical
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Fig.2 The curve fitting of the model 1 to the battery Al
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Fig.3 The curve fitting of the model 2 to the battery A1l
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®1 ABESHE(EE S%EEXE)
Tab.1 Fitted parameter values for A1(bounds for

the 95% confidence intervals included )

B SR TR A IS
a -1.373x10" -1.32x10° -1.268x10°
1 b 4.534x10™ 5.011x10™ 5.488x10™
c 0.996 1.005 1.014
- @ -181SXI0P 1455107 —1093x10°
b 6.645x107 6.916x107 7.188x107
? c 1.066 1.07 1.074
d -1.973x10™* -1.790x10™ -1.607x10™
- @ 452100 79890x10°  164300x10°
b -0.051 69 0.117 4 0.286 4
’ c -7.997x107 -7.834x107 -7.671x107
d 1.081 1.086 1.092

2 ALA2 A3HEME 3 MERPESSHE

Tab.2 Fitting parameters of three models for

battery A1,A2 and A3
B 2% Al A2 A3
a -1.32x10°¢ -1.403x10°¢ -1.368x10°¢
1 b 5.011x10* 4.667x10* 5.778x10™
¢ 1.005 1.038 0.993 4
- a 0001455 004817 001065
b 6.916x107 3.22x107 4.496x107
? ¢ 1.07 1.139 1.072
d -17.9x10° 3.595%x10° -7.176x10°
- o TR0 SSTOXI0C  6343x10°
b 0.117 4 0.399 5 0.198 5
’ ¢ -7.834x107 -9.51x107 -8.178x107
d 1.086 1.122 1.1
*3 HENESIT
Tab.3 Goodness—of-fit statistics
A ] ] B 3
H

R’ RMSE R’ RMSE R’ RMSE

Al 09423 0.04578 09886 0.02038 09151 0.055 56

A2 09802 0.03820 09906 0.02640 0.9658 0.050 25

A3 09655 0.04563 09918 022240 09376 0.061 40

2 XEXSRBTITHFIRIKER

2.1 iR R
L FUEH R —FoRE DU 2 o) R F R
ﬁ*ﬁéﬁ%ﬂﬁl_ﬂfﬁﬁ‘ ik, WHFR AP SRR A
T M T4ERG
X = Fk—l Xp-1 + Wk—l
(4)
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% 7N E 2R %% B pR L (Probability Density Function,
PDF):

p(xk|z():k) =~ 20)/;5(%1{—%/;) (5)
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TST AR i S BEDFEAS ol X7 1) DTS AR
1858 C+ ) gk v R AR 7E S By JH v 38 8 R ] R
BT R B3R B pR A, XN PF SRS
KT AL SE R, PR IAS SCHSR ] UPF 5525, UPF 53
AR /R 238D (Unscented Kalman Filter,

UKF) A= A 2 055 A 15 21 5 S 30 pR R, et BE 4
MG HAE L.
UPF S SE UL IR AN
DRI, X RE (4) RS, IR k 807
TN
Xpy = Xy + Oy
Py =E[0,.10] (6)
K = Fio 2o + Wi (7)
Qua =E[W, W]
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(Rk_l =E[V.Vi] ®)
Wk =0, FVER T i~ p(xo) i =1, N, &
xo = Elxi ] (9)
ARSI S5 AT 4 -
xo=[xo 0 0] (10)
P,
P = o (11)
Ry

2)Sigma KAEFIFUETTA.
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x! (k+1lk) = Fa: (k) 0 (k)] (16)

L-1

x(k+1lk) = Y, Woas (e+11k) (17)
i=0
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2(k+1lk) = Z Wiz (k+11k) (20)
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P, (k+1lk) = 2 Wi [xs (k+11k ) —x(k+11k )]

[z:(k+11k) = z(k+11k)]" (22)
JHIA A ke BERE R ) sigma 5B FAETT IR R A
xi(klk),i=1,L;HPF L=n+ny+ny XTR T4
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(24)
PCk+11k+1)=P(k+11k )~ W (k+1)P,, (k+11k )W (k+1)
(25)
AORUETHEFNERAE.
FIH UKF B354 B, 2 ~N (xi P, He
o NCO IR i 4341, SR 5 PR SBE X e 4 45
AT, 15

o
Nug = 1/_&1 (w; )? (29)
SRR OB 20

pi= Z wi i - v Jat - i (30)
2.2 TEKEITRFIRE

IMM-UPF A AT A4 BRAR LR AL 2 3 e s
T LT LI 2R GE RS A TR A A 112,
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n _ i (k)
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(33)
u}(k):_iwgu’f(k),jzl,---,m;nzl,---,N (34)

2)UEWE. XTFAERY ;R4 UPF 241080, )
FRW kWb 744 (Bk) A1 Py (k)33 —
B k+1 BRES S H 7 2 B9 T Ay (B+11k+1)
P (k+1lk+1), 582 S H T 20 v (k+1),S; (k+1).

3)HH. I A RS T BT TR G AR

FR A AR pR B AT H. X AR 7, ALK pRi R
A LIS .
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\ _ AN+ (k)
W (k+1) = D) (36)



%2 TR LT IMM-UPF A48 H 5 A il 107
S T I ' '
c"(k+1) = Z A (k+1)u; (k) (37) 1.2 (U”'ﬁﬁﬁ,: fE R .
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s L st o = 09¢ e E|
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" 07t ! »
i (k+llk+1) = D & (k+lk+D)w (k+1)  (38) 0.6 | BN
j=1 0.5¢F |
0.4} |

P b+ llk+1) = X u (k+1){P b+ 11k+1)+

j=1

[z} (k+1|k+1 ) — X" (k+1|k+] )][_]l}

(39)
B Ja R K H 7 22 LA i
N
#(k+11E+1) :]{[—z&"(kﬂlkﬂ) (40)
n=1
N
P(h+1lk+1) = ]17 S P (k+llk+1) (41)
n=1
SR k58 B AR Te R IR s Ui
RENE 5 fs.
nﬁnl I!FI-— ----------- nqnl
[ WAXE |e———
D] &GEHE) &G %, (k+1Jk) o
e e
AR W2 | e W
& (ktllier)| | 3, Gk [ &gkﬂ\hl)ﬂt g%ﬁ;;
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X(k+1k+1) P (k+1k+1)

B 5 IMM-UPF ##2H
Fig.5 The flowchart of the IMM-UPF
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PE, ARSGHATT 2 DNLEBIVFIE. 1)A4 HLHXT R A4
RUGHILG ST DL 5 4 =1 ith A1 A2 1 A3 15
. Y508 TD = 300 i, BRI 518 ] UPF
TR SR TN A4 F b e A 0 5, 4 R o0 s n &
6.8 7 F1IEl 8 . 2) FIFHAE H A Z ARG A4 Hi it
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BIRARZS BRI P T 2576 IMM rh S 3RS A FI Ry 52
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A3 LG SEE TR, BT AN [A] H S 40 E
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m(a) =1/n (42)
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Fig.6  TD=300, simulation results of model 1 using UPF algorithm
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§ ():9 L RABE

T

0 160 260 3(I)0 460 560 660 760 800
TRV €4
A8 TD=300 i, A 3 4 A UPF Jika9t5 AR
Fig.8 TD=300,simulation results of model 3 using UPF algorithm
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HAPSEIRMEA 3 41, R A1 A2 1 A3,
Phno=3. lt, BRI 0TI -

-0.020 09
-1.363x10°
0.004 877
X,= 5.152x10% | X,=
1.093 667
1.012 133
-7.160x10°
0.066 37
0.238 467
Xm3: (43)
-8.507x107
1.102 667

MR a(EME—Af 2 1R, BEE AR
B, AR S B AL T HE R T B S

T SEEL IMM R A 3 BAE T, T 2R
3 MR AL RIR A A O LA G, ISR B0R 2
SR RS RE AT LU n R

x(k+1) =x(k) + aexp(bk )[exp(b) — 1]+

cexp(dk ))[exp(d) - 1]+w,,w0,~N(0,0,) (44)

X 7 F18 ) £ 7 AR A

y(k) =x(k) +v,,0,~N(0,0,) (45)
Forp (k) FRFEAEAREICH | B 0 F it T R e R
TR ; v (k) RGBT ke BF 1 e R4 ]
#IH;N(0,0,)F N0, 0,) 5 BIF R IME R 0 MR
ZH o IR sa.b o A1 d HERIIEA(E , B
(43) 451,
32 HESXBERSH

TEfG LA i FHET 300 ZHE AR A I 2R 85000 , 2%
BHR{E A SOH=0.8, Bl %55 C, = 0.88 A -h, HLh3ZPr
R 665. B4 =0.88 A -h B, X [ A4 LG IR
UHCH 665 IR.

R T RAEASCHR I BRI A S, 4R
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