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Particle swarm optimization based orthometric hyperparallel space
filtering and its application in SOC estimation
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(1. Engineering Research Center of Internet of Things Technology Applications of Ministry of Education, Jiangnan
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Abstract: For the state estimation problem of linear systems with unknown but bounded noise, a particle swarm
optimization based orthometric hyperparallel space filtering is proposed. Firstly, we construct the orthometric
hyperparallel space by the vertices of the hyperparallel space, that wraps the feasible set of the system state. Then, the
real-state search space for the particle swarm iteration optimization method is studied. Subsequently, we construct a
fitness function using the system’s observations to judge the performance of particles, by driving particles to move
within the orthometric hyperparallel space, to make the particles distribute around the real state. The irregular
high-likelihood region of the particle swarm with the smallest outer orthometric hyperparallel space is given to solve the
upper and lower bounds of the orthometric hyperparallel space by linear programming, and a compact envelope of the
system state is obtained. Finally, the effectiveness and practicality of the proposed algorithm are verified by a
constructed lithium-ion battery operating state analysis platform.
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N N

o o =
.= . P 0

(a) WIEKLT A2 AR (b) K FIEAF

B0 T P01, Te) PO, T
.- T
— .~

—| 050 ! —-5%570, '
e WG
| o Koo A — | o Koo K
| / | ° oo |
| L / .
. - h -

- -

.= -

(c) it o 4 HOIE 22
AT
£ HIRE o BT

1 NFHEMERBHTZENERE

(d) Ky LR

g5 b, priR AR TR A I IE AT A7 4 )
JE W (particle swarm optimization based orthometric
hyperparallel space filtering, PSO-OHSF) 5.5 )12 1T
BRI,

step 1: &k = 1, WE VI 117 2= 8 P (0.1, T)
HLECRFERS 7] K.

step 2: I F =X (16) 1 55 T8 ~F- 47 2 [A) R 27 1)
S A B8 HSDIRAS HEPATEE P(Oc i, Th).

step 3: FI 30 (27) F1 (28) T35 P (O, 1., Ti,) B HH
[ N A IE AP AT M P (62, T, FH AR R
WL BRI A A 0 98 2 7 18]

step4: 7EP(62,,,T7) WHIMA LR Ay n (FRL T
T, ) 2K (41) SRAF WL 1 1R 3 S FE AR, 328 BORE 1> 44
AR S DU, 28 J5 A1) FH 20 (42) A1 (43) BEBTRL T 1)
JEAUAL B, A5 3 5 A AE H SR A BT 5oL 1 #E
(XTI,

step 5: FII FH 3 (46) Bl (47) 4 { XFyr | AT bR
X, PR 2 (49) A1 (50) THE BRI 5 B A R 1) IR
AT E M P (02, TY).

step6: D k=Fk + 1,1k Estep2; Uk = K I, &
YRGS, i OE AR S AT A () R SR A, R
NRGURESA T4
4 HIERAE

T B TR HOIRAS Al TH 7V B 2501, A8 715 1
T [ A A R S 1 HL I 1 A FRARAS (state of charge,
SOC) 73 M 5258 1 & HEAT FVE IR UE. Q118 2 B 1) S
591 & 2 B FE 18650 AU HH B - Fjth L I 78 I8 L 4%
1) 25 L He FELUR R 7 BE  FR RS R DL R AL A

-

E2 #EBETFHEESOCHMINTFE
S A 120, A T B ST 6 W 4S F It T
% Hi % (open cirvuit voltage, OCV) 5 SOC [ 5% &, 3K
fifg PRI ASE R PR A O 2 0. 8 25° C IR T, 3 ik o i H
() AR FL AT — 0 5 2R B B P SR e, L P s B
JHCHL IR ] P38 4 G 1 3 .
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4.0 \

3.5t N

3.0f

HE/V

25¢

2.0

0 1 2 3 4 5 6 7
t/(10%s)
B3 [ERMEEEETL
7SI R rb AR 2R 10 % B, B B R D

BT HLIR [ OCV, B 2 i B B0 E HL R, 15 2 (1 OC V-
SOC 4 %t N 2k 2 1 fror. 3 1 7] WL, SOC 7£
10% ~ 90 % [a] OCV [ 28 4k L 5 £2 8. A A B
Matlab [ polyfit T. B X OCV F1 SOC ¥ ¥ it 47 £k
5, 135

OCV = f(SOC) = 0.5293 x SOC + 3.5821. (51)

SR, AR 45 Thevenin #5784 ) £ HL it (1) SOC IR i i
B, DL I 2 B B AL B T U, AR HEDIR S
SOC, 1E AR5, LA i i B T U /R 9 WA,
B RGHPIRE 2 TN

Up7k+l 1 _ e%it 0
SOCj41 0 1

Up,k

+
SOC;,

_(1 —e%it)Rp

’I']At XIk+wk7 (52)
L Q
3.60}
z *
= 358t
3.56}
090 092 094 0.96
SOC
(a) k=50
1.84}
Z
bQ.
1.83}
1.82 - - - :
0.78 0.80 082 0.84
SOC
(¢) k=150

ESMF Sk 0]

OHSSMF 375 )

Uy, = 0.5293xSOC+3.582 1—U,,  — I} X Ro+vy.
(53)
HH: Ry =0.0415Q; R, =0.3068Q; 7, = R,C, N
AR A 18] £, ©), = 2372.2F; At = 55 NRGRK
FERIBTIA); Q = 1.5 Ah A HLIB I A8 25 55wy, oy 57
MR B RZE IR IR ZE, wy,,; € [—0.001,0.001](i =
1,2),v; € [-0.001,0.001]. % E RV IPREES
P00, Ty). XH: 0, 0=1[5,1]", Ty =diag{0.1,0.1}.

%=1 OCV-SOC %t R #iiE

SOC/% OCV/V SOC/% OCV/V
0 2.78 60 3.87
10 3.63 70 3.94
20 3.71 80 4.01
30 3.76 90 4.09
40 3.79 100 4.19
50 3.83

AT BGAEFT R HH PSO-OHSF &y Al i, % e
MR [19] A [ MR BK 4R GRS V% (ellipsoidal  set
membership filter, ESMF) 5 SCi#ik [20] 7 i) 1E A2 #E
4T 7% [A] 5 7% (orthometric hyperparallel space set
membership filter, OHSSMF), X} tt 45 R & 4 ~ &l 6
Fros.

TE K 4 H: B 5 9 ESMF 53 o FH A 3k 2 18] i
PR AT SR B X I, B 409 OHSSMF S03% rh 4 ]
(1) TEAS R P47 2% 6] B RS T AT ER IR X 3, 241 60 e
$2 th PSO-OHSF Bk A% H IR A #8147 75 Al F R A&

2.58
2.57
z
2.55
254k - - -
0.84 0.86 0.88 0.90
SOC
(b) k=100
1.330
1.325¢
>
> 1.320f
1.315¢
13100 . . .
0.70 0.72 0.74 0.76
SOC
(d) k=200

PSO-OHSF 5ik=s[H] % HEAH

4 IMEEAETRRZISRMTITRZEIIEL
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* R %40 %

-~ ESMF&HiEk LR

Lo -~ OHSSMF &
_ — PSO-OHSF #i%
0.81 o ARG
S 0.6t o
0.4t
0'20 500
k
5 SOCIKZEfEITITEE
6 -
-~ ESMF &z LT H*
--- OHSSMF %
41\ PSO-OHSF ik
>  RGAMM
~ 0.50p
) N :
2t 0.46
355 357 359
-
0

0100 200 300 400 500
k

6 UpR7SMEITIIEE

AIAT AR X 35, H ) 11 B 68 2 A5 4 Wi I 220 B S R
A, 47 0L, ESMF $3%: . OHSSMF 57 Al i $2
H AR R A B ELIDIRAS, JRRE A SRS AL
T AS W7 e 4. A BT 5, ESMF 550955 (R A Bk 25 1] 23 1)
TL 4% FE B K, OHSSMF 5% 1) 1E A8 # 747 23 (Al fE 32
AT IR UG — B TR N A K AR OE . AT ESMF HiE S
OHSSMEF 5%, Fir#i t PSO-OHSF 512 RS 7 iS55
AL R A HSDIRES, I T PSO-OHSF 5% 1) 7
PV RE 4, A (A TUAR FE IR

Bl 5 FTEL 6 5359 4 L L ) SOC 1 U, AR A Al 1B
I S T ) 725 A oy 28 DA R 3 3ok 3 b B0 SR 75 R IR 25 A
THER BT 5. B S ATE 6 0] UL Fri t PSO-OHSF
SRS AE AR RER A L 5, B8 BE DU A
by S A Rt A 4 RS R A7 IR S Al TE B4
2501 1, BT ESMF B3R FH RN 3K 22 1) 119 R < M4
K, FEESMF Hk Al vH 15 2 1 it ig /RS BT A°
BUR, FLIRENRG i B2 UG 06 8 1 4 32 7 1) OHSSMF
R ARCT ESMF 50325, 16— @ B kAR5 A Re A R
U AR 57 BT HE PSO-OHSF Syl i 75 48 147 25
) P 51 NORL - B0, A A 48 - s ) A, 15 215 1)
TEAZ AT 2 18] B A S /N R Ry 1, R FH B i S5 3
I ETABERARE BB RGHETEIL AR T
B i PSO-OHSF 51 BAT B8 47 (kS i 5
5 4 #®

ARSCHEH T — BT R B I IR AP AT
2 TA) YR I Bk, T DA R R R A A o 1
FETHE N I 1 RGUIRFS AL TH iR L w7 Sk, R

RS TATER R )E, N T TR AR
2 (8] P9 AR A ORI A, B TP AT 22 (B R T A i
HANA AR _ER SR A4 25 8], IR 1Y
2R I 4, AR XL Ik B L R O R
BEAT DL 55 0T, 38 s B D SR UK Bl b1 1R AT
AT A AR B, A8 AL TR 2 A BE NS I AR 8 SR
A& B, I I R R 1 R A S SR 1 IR AT
AT AL PR TR RO A R S T AT
(] 35 ik, A8 ORUEAR S A HAE R R ) [R] I, BRI T
WA TH SR B DR SF P, B 38 U5 3R N
A TR R R 2 T 20 A FRATL i s e 261 48 52 s T
FE (RS W TN 73 B i) 7.
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