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Dynamic Parameter Optimization Based on MAFF-RLS for Estimating
the State of Charge LFP Batteries
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Energy Storage Conversion Lab., Chungnam National University”

ABSTRACT

B =32 MAFF-RLS(Multiple adaptive forgetting factor—
recursive least squares) 7|W #HZ A md HAAE F3
Z4 Ad 33 W(State of Charge; SOC)S  A|ersic).
Aeotets dad]Ee LFP(Lithium-iron—phosphate) HJE] 2]
to]HE ARgslglth HEW 74 57132 RdE AAE)
As A A A 71 siEE S e oE
e E EE3GITE 54 ZEYS Vo s wiEy A
e 48 Fasislh At W] ASAzEAN alEE
ZH A 0AE 2.04% HuHS FelsgiT)

1. M

AuALslol M= 34 Bo9) oux] Aok st FaAol
SUEAEA, A7IAFEA 2 ool A AR 2
oAEFgAeld ARgel HAl F7lketal e FAlolth ol
HE g =2 ouA 2x, W& 27t HdE, 1 7Y 59
54E 7 g0 JA7RbsA), ovA] A Al 2~Bl(Energy
storge system; ESS)#} 28 theFat Fofol A ARgE L 9lrpt,

HEEE HHsty afdoz 3] Hsixe g
7 JE(State of Charge; SOC)E A3t yletsl= 7o)
Z 231t} EECM(Electric equivalent circuit model; EECM)S
o &5 devHe 229 sl uwE njAPAQl Hels
13 SOC 7ol SAE Stk olg FH3Z] 3 9™
A5 (A AME 7vke = gdevg WsE AT F45e
RLS(Recursive least squares)& AR&-gtt}, 124 RLS+ B
gl sdg B2 AFE AEste] 72 geprgo) A3t
FeAE AFsA Esith olye EAE sds] sl
MAFF-RLS(Multiple adaptive forgetting factor-recursive
least squares)® AH&3t] oY 9 W AFE =Y 7
gefrg o] HAZF FHoR Wkl TeAE ALt oY
W7t AGE 83l getulEe tE e E SEEo RN,
Al=Ele] FA Wslel TIESAl Agste] AEe A F4S
7bFsstAl gt wpEbd B =folM+e= MAFF-RLSE &89
LFP v &4 de 34 S AQksich

2. HiEcl && &t =3
2.1 HiE2I &II1E S4 AE
SOC F4 1x3= 98lA 7]5¢] F+= OCV(Open circuit

voltage)®] A3t F&& 98] v& HAF(Low current OCV;
LOE AH&3isith. 424 €3 116.5Ahe] LFP HigzE] A&

1l

Y

ARG e AR Q7L wE UlF AS HAskslr] 9l
0.05C-rate2 A¥S APt %7 SOCE v H
2S998 1/3C-rate® IO(ncremental OCV) A3&
Agsiity. 23 12 Lo A¥ 22393 SOCH OCV s
HERSIT

@4

w
W

[3%)

Voltage (V)
Current (A)

'
i

-20

w w
(S EN

w

Voltage(V)

~
2

80 100

=
(3
=
-
=]
=)
=}

SOC(%)

T8 1 (a) L0 &Y =2t (b) SOC-0Cv A& Znt

Fig. 1 (a) LO experiment profile, (b) SOC-OCV exper iment result

2.2 Higel ®II1E Sotalg 24

g gle] Age vdgded E4S 7 9lom, olE
agsle] SOCE FA4she= Jgel Hadetch whebA
HAPAQ AY AsS BA $18l EECMS ARg-3ich
EECMS wiEg]le] &zt Hsks FAsked ws Se3H,
F2 P & AHOCV), Wi A, HEd Zds 4t
2 =oAe a8 29 2ol Hold AYdE I dn
Aate] ®r} 7HAF IRC EECM R4S €3 wjeiz]e]
A} Ak BEEE] A A (D), @) 22 g wg A
=4 WAAE AR wigE SOC 4 dss ®Ags]
SEiME Bk 4Ee OCVEhe dolok sl Lo A3
23] =3 A479= o] &3] LUT(Look-up table)S A3tk
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Fig. 2 Thevenin electrical equivalent circuit model
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SOCk] _ [ A ] [sock,l] . o,
Vaiffi 0 1 — eRairrCairr Vaiffe_, ( . Aé )

1 — eRairrCairr )Ry

]ikl (1)

Ve = 0CV(SOCy) + ixRo + Vaiss, @

2.3 MAFF-RLS Jlgt SOC =3
7 shejule o] ot AGE A (3)3) ol AT, § &

@)
2 —RLS
e 1;‘ |=—MAFF-RLS|
s | 1
i
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o
@
o0
3.
o
I

=
ASE tehie, ol & 1o AAEe] gtk ol weew (b) Time(s s
ol5 gk Lik o] Akt 1, Pi,k_l'mor 2 FEARS Yehi 7t AIO‘—RLS
sebiEle] o5 @ 4 (5)F Bl YU AT, 4 )% £ |TIAFRLY
Z& digE geegrt "o S48 St g wet £ sl
oA BRBL A (% Lol 24¥e] daelze] 0AE s
Zolt= o n 45w, g |
_11-1 0 ! T ] ‘
A =1- [1 + (i(d);r,k “Pigoqt ¢i,k) 1] (3) 0 1 ) 3 4
-1 4
Liv =P b1 T .p. . (1) Time(s) x10
e = P BilAuse Bl P dun 02 4 (a) RS, WFF-RLS 29o| HQt 55 2%}, (b) SIC 54 24
At Puer bk 5 Fig. 4 (a) Voltage estimation error, (b) SOC estimation error
L= 2™ Preor dan [1+Z Ax™t Py gk] (5)  for RLS and MAFF-RLS Models
- i=1
Aap”t Paicr Pk _ I
r I 2 RLS, MAFF-RLS 2o Mt 2 S0C 2|cH, W 2Kt |1l
Ok=0pk1+L (Y= Pr 0 k1) (6)  Taple. 2 Compar ison of maximum and average errors in voltage and
P =2 (1= Lig - $F)Pir—s (7)  SOC for RLS and MAFF-RLS models
- 2
£ 1 Dj2jolel o AFEE 24 A% T HAd(®) | B
Table. 1 The damping coefficients used in parameter estimation RLS voltage error 0.59 0.08
@ % & RLS SOC error 7.53 2.66
0.11 0.345 0.65 MAFF-RLS Voltage error 1.20 0.03
MAFF-RLS SOC error 2.04 0.41
2.4 HigH2l ®g & SOC =38 2
nd A58 98 =452 E(Urban dynamometer driving 3. 8=

schedule; UDDS) Z=zulals Ax et WHYo|x] AES
283 dolHE o]&a%ty. 238 3& RLS, MAFF-RLS
e dis] det 2 SOC 4 Ay 2HZE JeEpda,
a9 4% 7z 2o A9k SOC A8 YEhSIT). ZH 2
g Ao, P 23} HlaE X 20 AYsth F4 A5
Hlagk A2 MAFF-RLSE 483 2de] SOC 4 Hu
o= 204%, Wit AE 041%% JPE S5E ARES
Uehf2Ath. MAFF-RLS 2&& RLS di¥] SOC
QA= 5.49%, B QA= 2.25% At AL gelsitt
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T8 3 (a) RLS, MAFF-RLS 2o Mt =4 Zn}, (b) SOC =& &3t
Fig. 3 (a) Voltage estimation result, (b) SOC estimation result
for RLS and MAFF-RLS models

z2ad] 7k A Ad Y9 HEE PGS o
MAFF-RLS %dlo] RLS ®dlo] uls) wjeld] 4 A8 34
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