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Simulation of active equalization strategy control for lithium battery

based on multi-Agent
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(School of Electrical and Automation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: . Aiming at the problem of charging state balance management of lithium battery, a multi-agent based
battery pack consistent charging state balance scheme was proposed. Firstly, the multi-agent control strategy is
introduced into the sagging control of battery management, and the autonomous balancing under the active
balancing circuit topology is realized. Secondly, the lead follower model is established, and the virtual agents with
known parameters are used to make the state of each battery with inconsistent charge state close to it, so as to
achieve the charge state balance in charge-discharge mode. Finally, simulation verification of the two-order
multi-agent state load balancing control strategy is carried out. The experimental results show that, compared with
the first-order balancing control strategy, the autonomous balancing time is reduced by 43%, the balancing time in
charging mode is reduced by 16.13%, and the balancing time in discharge mode is reduced by 32.9%. The
multi-agent system can achieve the balance of SOC in battery balancing management, effectively reducing the
convergence time of SOC reaching the consistency of lithium battery.
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multi-agent.

i EHEA: 2020-01-01
ELTH: T EHKF TAFRAFRA B (GII210668); L& 434 FH /T —HIA B (GJI2200618)



BXXE X
202X £E X H

ERTBREER
Journal of East China Jiaotong University

Volume XX No. X
Feb. 202X

VRN HLREA7 i I B4, B FE It PG 21 751
HERERLL, BOBRE, RERFaiiE g
PEETTIEAA ORISR I &
BT IEA R 2 T KB, RIkfEisH B2
FI A B IR A 1 Lt 2H SR i AR FL R
Ko

ZPRTHUETZ, A7 AR MR
ReZe e, FEAEAIERE,  H it PR R AE AR O
AN LIEDL, WRAEFE . AR A B IR G
AR R S A R () TR R, B 8 T 38
AN [F) Lt 2 TR PR PR B 22 ol AR, e LT ZH A
PR F5 i R R R SRR BRI, B DL R B R
4 (BMS, Battery Management System) F ] E it
P AR YOG B R, w] DA Rk st 2
PRI A FER S (SOC, State Of Charge) A~—3,
PRI A, X TSI b R e A4 R
AT EA EEE B,

TEI T I SRmE 1 A Bk £ b, B SOC LbH
JE A Dy 35) 47 18 ) e 55 A 2808 2h 5 H it 26 1) 45
&, HHEHAMAW, XS5 AR SRS DL
SOC 1E N, MU 1 ik B 70 135 3 Fsd P Ao IR
AN 20 R BN ) B BAR SOC
VE A5 S R RE RS B2, {H 2 SOC B il
DA E Ak BKE B2 ) i1,

fea il semg b, T R i) A A
NZAERE R G 1) SOC M2l 7 R85 T I
JiZBIRH, Guerrero &5 AL T4 Hi - FHT 2 P14
7T N EENE R E SR S0 Olivares
S NPT N R AR T A 2 Re Ak
RGNS TSRS AT 7R, FRIG I SRS 4 N
SANEY, INNFR ARSI REHE B A
S N EF X I SR 2 G 15810 R R G R R 3 AT A
Ft, FEIEIS B S AUl B A 20 R G AE RR VR A
2 1) 7 THT B T AT 1 00 o 359 i 42 i) SRS AT R S A
GG RARMNVI T W, B —FPREE SCI HL I
RERTEZR. PR 5 1) 5 4 ) A 2 FRUE HL il
KA AL, R AR G

D, A SCORE P54 RT3 1 S e i LR
EHRGHATE S IR —FIIET LC-L fyHth
IR G, F 2 B BRI g 5N BMS
R G E R, W TR T 2 R R B
-3 — SR A HIRZS ST ) BVE IR AT T 5
WE, fERGTEHIEIIEMT, MHEsrn—m
Z R Re RS e R, B E A, R

T 2 AR B g g, AT, ehid
T2 {55 SOC M4 (A [R] ) Hi by SEBLAr RS 1 —
B, R T Rk R e RS A PR R T
1 PHEEHIEE
B PR AR N B, B it A
TR HENE K R RIS SRS R . T, AR
MAGEIE, WA EE, WEEENH KL
Xof L ZEL P B A LT R — SO AT SR e,
RPN BN AT AN [ (1 H B 4 R 4 g A
Pl SRS AR S, O T A IR A
FIME L, KSOCIE N — S HE L&,
WA ST ARRE . B TS TE A PR R A SR
A2 24 xR4T T S A T R A R TR A
K,
11 HMWEBRZSR
HthE FE 240 (Battery Management System,
BMS) f& Hiitlh R G R DAL S, £ EAEH]
MMM BT, BRARESEESL, 7®
Kol AT i SRR L 1 i F RS AT R A,
TR B R T RS R R G 4nia
7o
1.2 TEEH
FERS T R e, H b P DR A R LA 22 i AR
IMEA TN, xR,
Cigdt
SOQQ:SOQ+K‘6 x100% (1)
N

H SOC, IRV AR, ip AT,
Qu NHIWFUE R E, K &5 78R A

2L P EERERH TR RBK,, R
BT K, , BIEZHAYRBK,, RBBEEE
MR K, . HA:

K=K, xK,xK;xK, (2
i TN Py, ug i L, SIS
BERC, Wi

Py =igUg 3)
i
cC=—=- 4
o (4)
L T R I SRk AN
udc:Udc_k‘PB (5)

Uge NELRBHERHUIE, Uy NERBHEHIES S
H; kAN TERY BLAROMAKE), [



' Pyt
SOC(t) =SOC, + K 22— x100% (6)
QnUg
D R otet_Eamssk G, R A r PR A AR AL 5
N, BUONERL AT

SOC'(t) = —K —P&_ @)
nUs
RANAR@FAKXEG), B
SOC/(t) = —K e ~Yde ¢ (®)
IgUp

P bR, AT DE I e v P S R D R s
IXT SOC ARAL A AW 4T, Rt Th AR L
/N, SOC [MARAb s ek . T F4a i) () i
JE Rz | EAE R PR, P LA e s RS
oy S FOAR A 2 B2 N e R A k AT s A
KRR R EL K 1o
1.3 TR

Pt A FE PR S AR A 40 BT b e Al PR ) 39 ) — A
HERAR, 2 I R G AT H I B R B
WHE. IEFER, HERRZWEEEE (EKF
Extended Kalman Filter) 7EH3th[1) SOC {55 B
iRl P

AR NS E B RC #i4ird SR M. H
W E ONELHIE S E, R AR, AMRILINEE, Ry A
MRa LR, C A C, MR, MEHENV ,
I AL, N SCRE IR, | AT R .
|

1
I I AAA
C o R
3

I, R

E= \

E 1 =K RC e g
Fig. 1 Davinan model of lithium battery
W SO AR R A N EKF R IA 3, SRAR
HH O T A5 R0 LTS R PR RS A T R R A 1Y

soc| 1 0 0
Bk+)=| U [=]0 ¢S 0 &K+
U, | [0 0 et&R (9)
7¢“Q Wsoc
~t/CR,
R(l-e /CR) (k) +{ Wy,
Ry(L-e'%%) W,

$=U (k) =E(k)-Uc, (K)-Ug, (k) -Rsl (k) +Vy (10)

1.4 )RR

A 235 353 iy P IS 3 DAy L TR TRY ) 1l R B AR P R TR
s pL,  H TR IO AT A I 5 R R LR R i
RETCfFSCOlRe =R, H BRI R, &
THSLEE A 5 BT by, Y sk, 1
WIRCRTE, AR 2 T AT i 4k,
A TR INS I B A B Ik re a2, S
SERIBONTRT R, {E 2 el 2 e BT el ) R
SR K, BAREEBITHFENN T, %
7B AR S i 12,

AL (1) FELBR RN L S I T FEL R A RS, HRT
o)y L B KPS LB FE R T A L . AR AE S
T LC-L fifef s B2 = 35 s dh $h a5 04
TINS5 r bl S, 22 Lt 2R 8 1) 240 4 R B 4 4
ST TR

B <
Lilse | osdy ]
Cell;
= =
Lifs L os[))

0O
o
S

|
|
|
|
Droop '

control

'_
b— ¥
&
= -k

1
manage L <
ment
- = Cell, i =
Snb
Ly
D; Ls
L
I ¢ ] R D
I AN <

2 LC-L e pRRth
Fig 2 LC-L equalization circuit topology

FESAF S BT RSB S, g 4h
W 151 SOC HY FELHL LA ) B 1 % 81 LI o SR AtE i
Reoll, WL RERR AR RS ml i, PR L RE
¥Rt SOC BUIRA FE vt A4, 7E FRLIRR FEL R IR
B S RE R R A (RN, M FH 22 oL i) ]
B, DOEBTER RN, AT %A BB AT RS
RFF—30 BRI TSR | OREE
2 ZEREHMRE
2.1 BEEARRERIRSIE

f£2 AL 2 B REIR A G, BN eI
PAFHRERAARAAE L, @i XA SoC



4 ARSI R AR

2021 42 H

P BB S A E T B S5 B i E
FHARE REAAR SR B B (A7 RS THE

LRV 100 e e e oz 3 o 407 R S B 22 8 RE A
RGBtte, 2 Hagk R gih, BRekfs
BRI E G ={A EV}ER K N NS

EERTNAV ={VV,,V3,A v} E RRE BRI

LB G, SHEHLEA, HA,, =[] &

% [ iC fE D, H D=diag{d,,d,A d )}, H

dj= > a;. EG i Laplacian fifFic AL, H
J

j=L, j#i

L=D-A. BREMRAMRAIAELE R 58,50 /AR
RN A

{’&(t) =u; )+ f(tx (1))

00 =vi (1) b

Forpr f J9aARZR B, X (1) R B AR IR
& u) ZRARZEESEA, v () RoxEEE

B, FEZERE R TR v (0 1 9 R GRS

Ao S AR C A K
AE A RE PR TR S8 DAL T IS990, kg —

LB R, BRI L Y 0P
B A TR,

Payﬂ“m+ﬁﬁﬁﬁwn4ﬁvﬁr (12)

FErbiP gt R L AR O E A, TP
REUR T BT BRI A | IR, oo

N ERALIN ] A R IRDIRAS A BT R EDT, Ny oy
Te TR B 5 AR AR A, B TR A
F 31 B0 00 it i 4 AT PR A RS SOG (t) .
RE 1A 0 2 Uk B R REAR R A HIR 2 TN B
SOC; (t) » [R5 B & Zai Fielll{E SOC (t) KixE4:
j» @ SOC KA -2 — B RS R 5 &5

B A7 HUIRZS PR 22 B e A — B Sk i
SRR AR

soq%n:soqa)+£££kocAﬂ—socxﬂbr (13)

INi
ot p, SN ELALI ] N ff FEIRZS B 25 P R 2K

Yt —> oo i SOG —SOC; =0, Bll, Frfi & ek

fuf R ZS B e AR T AH [E 48
AR A5y B AR 0N :
%wm:%qm+ﬁmmq@yqum](u)

o b AT hr AR e, AR X R BE A4 A
j BIFRFNEISI N Laplacian 565, (a1 RIARN:

$30C-S0C(0) =sSOC* - S0C* (0) - L (SOC)L, (15)

N
SR T, SOC y $0CP fyHi AL He
BE, BB ENTFHERE,
SOC* =[SOC,,SOC,,A ,SOC, 1" % fit 1A ) fir
HOIRAS [ o v e P S 22 4 T 2 T b i

HIRAS B 4RSS, B SOC(0) = SOC® (0) , % 2415

B8 SOC Fill &8 SOC
~1SOG

IN;|

sSOC =sSOC* — L (16

22 ZMEREAER

RSB ALY AT DL St iR R S o R A
B, AR T E SN — RS
B RGM—EE . PN AR MBI IR
PEZ I Re AR R G0 A PRI ] — SR 2B 2 BT Rk
FA G0 R BRI 2 AN AT N 2 2 R A R 2%
i, FRGR B 2 AR AR R G HL — AR A

(0 =vi (1) + (6% (1))
17
{Mnﬂmo an
55— BRI E, % () 752 R B ge Ak 1R
A, IR U (t) RoR B R AR I B S NS

S, R A5 S I R SR 3 T, AT BSR4



5

X RAFEHEANIC Ea o a0 BANIZ RGN
e A NTE S L TN NSNSk A WA P
5 == @ ® - %, )+ SO -v, 1) (18)

j=1

$:T LaSalle A28 1 [ PHI8, 78 F 04 SR B% | T
R NP TR AR 2y (A SR e S0 TP eiy I P =
PN, 2B REVR RS0 LUt st 7 41
—E, X2 E R RER ARG SGEaR(12)
A2 30(13), 15322 REIR R G 14 AR BB A 3
N

SOCP(t)=L-SOG(t)+a -L-v;(t) (19)

BRI v (t) 5 78 I FL A 28 C AH ORI, 7E vl
FERE TR, I F 40 A A N TR 2 A
V;(t) =SOCP (t-1) +ig(t -1) (20)

T UAE I R se R i N~ Rgid
T B RS BN AR TR A5 345 B ) R
I3 A AR AR g 1R AR ALY AT PRI SR 4 21)3A 3
187 A A T
2.3 TifnERE

{ELE SRR B I AR rh, B ER gt R 3 1 4 B ANE
B ER RGN B I, I8N B A AR
U SOC ¥#120-231, 1E 2 B ReAR I Be it B 4fi &
Il ST AR AR R 7 70 JEOHR IR X A FIR A& 3R AT 25
2y, Y517 R 20 R B U A (A B AT T
Kl 3 fir,

y
6\15(\0(\ follower
W

/\m\
“\{Oﬁ“a follower
Y - Teader - \/
I T~
a o
Y follower

|
|
|
|
|
|
|
|
|
0 %

3 IR E R R TEE
Fig.3 Schematic diagram of information exchange of
following pilot
FEREN RGP AR B B B 5 T E BIA PR
BB MR TE, R IR .
RESLSITE RR S B B e ARk A, B

(5 AL T LA A G = (V,, E) . Hih,V,

RERADE RN ESY, 3V, AREREARZ

) (R R . B REAAR T AN AR R e A j 2 [A] (1Y)
&5 B — M RS

ASACEA BB — DR, 8T O
I A AR R RS A R R AR AR A
JEAVE BB HE T BE A SR T A A P 2 H e
(EIIEE

BN REAAAN T AN SRR e MR BEAT (5 B AL
L, 2 B RE AT I 28 B2 R L OOR A, o i
HE AR~ 250 P s (AR 2 WL ) e PR R o 2 1 T
AR R BOE Rl 2R R SR RN

_ ;- _ _
Uti(t) = Ugiy +m'[° jEZN(Utj(r)—Uti(r))dT 2D

b U 9 BEE T 1A T 8
I Uy M BERE |t RELR U B P

e — i 2

;| o5 e | 4 B B P IS A
TEBEAZ PR, e 24 SE B

- -1 oN

lim (uﬁ—ﬁzj:lutj):o (22)

t—o

HRAR AR 18 T, M ARAR | HOA LS T
9 PR K T 3L AR B B M PR RN, 0
REVE | A0 BER AR N o 6643 U
TGN AT (22) 115 R K A £

th TR R A A D, RS
BAEBA RIS, BB AT R AR i
NS, AR RGPRA — B, HB
G BRI TR AR B 5T R,
{E R A PE ST BT PR 2 O W
TR RIS .
3 {AERN

B R 1 R ek B R R,



6 AR

bicE)

Fil

202142 A

get the current SOC

value of each battery/|

No
Is it unbalanced
Yes

circuit
topology

Yes

control
strategy

Yes

4 BERIZE
Fig. 4 Equalization flow chart

NIUEASCHEH 5T 2 B B AR d (K RS

e

SOC prediction

flr s i) SR [0 Rk, 78 MATLAB/Simulink 175
P R ET BT ERA, DT RIRESIE RS
AR, FHARRF AR, ZHER
GuEL ST 6 AN FMA I AL, N T g
BE RGN HUIRAS IR B P47, AR RGP &4
Rt ) SOC 1T AN IR I A Thah &, @it
X P13 il 2% 19 AN W7 A5 1E fift v ol il o o 25 B
SOC AN—F(1) In) i, fi Je it B A F I R0 P BR g
il g kb 5 2S B, FE4d PWM (Pulse Width
Modulation) A= s 2% 4 o5 7 b i) s 422 52 1) Jik
T o A5 AR R 2 R T . LA L% AT
PR — P NG5 M, BB I IR B A 5T
ZARIE,  FER AR R TR,

multi-agent

I

LC-R

Power calculation

E Combination control battery module

out-»[ini |
Low + _’_T _I_gﬂl_..-
==
=il

Low - Ous

Outb{—» Ini=
DC-DC converter Sensor

Battery pack
Discrete
0.02s.

EE E

3] () initialize

U: reset

Display module

5 ETZEEEMAR SOC HERIRA(HEER

Fig.5 Simulation model of SOC equalization strategy based on multi-agent

FERGN B LM, AEEITERA,
6 R4 2 B RER R g, HAEH T E
PEIF B S fos, EREITIG, BT 6 N
ow) F) e oA R & SOC(0) Al N

[78.619%:;49.23%;47.98%;42.22%:39.91%;35.69] , 5]
S-S p =11, F(t,%(t)=0.01xx(t) &

AP K =01, N TR REARSH) SOC
BB P, I A R AT PR AN SR R T A



R DITh . B 6 N2 B RetRIalfr RS
fiiTiz il SOC ALK, & 7 Jy SOC Ly
N IDER IR AL, HOyr RAS S I R B AR
Hrp IEEAER TS A T SOC I E, TUfE 9
LN 19 SOC gk /b ik

0 t’; 16 1‘5 26 2‘5 3:0 3‘5 4I0 4‘5 50
time/s
Bl 6 —M % & aElk SOC HEiIT I 1L E
Fig.6 SOC equilibrium trajectory change diagram of

first-order multi-agent

r
il
it
it

i,
; it | |
i,
i
2ol
-
ﬁ’

7 —M ZEEEMR SOC FERMEIRE T
Fig.7 SOC charging and discharging speed change of
first-order multi-agent
HY b BRI RN, Bl A R 0 2
ThZ (I AR PEAR,  ar FEUIR A 7 e AR bR,
R B ) IR AS 22 (AR 46 /)N, W)tk 6 DM
Re Ak 18] (1) soc(o) “F#4ME ) 54.55%, 1F 35 1 4 il
t=43s I, 6 R BEAAR I fr IR S E B SO i
LRAE 5444940 1K i =3 . X TR B R T )
Bt ASCBEH— NS HE R R U T AR
NERBEMAFN N A ERBEE A ) 2 B Re R R 4,
N P BT g R A 4 AR R 1) I 1) DX 2% 4
K.

@

()
1 (2) 3

4 @ 6
8 BHUMEN T EELEIRINE
Fig. 8 Undirected topology with pilot
PA7e BB S Ay ROIR S J afpl, 3dSr il
“1+6” T HIMH R Z B REER RS, RGP RS
R A N FELV S TR 231X 7K SOC {8y 80%, JJL
TR AL A B 80%, AN s B IS Ad Y
RPRREARGER, RR 6 T NERMEE, LUN
HEPEHIE W R I, B 9 AR
i) SOC Stk A K, &l 10 2 i LB SOC
Bt K

80

75

1
2
70 cell3
cell,
65 cell,
l ceII6
2 60 leader | |
s 1)
o /)
D55
solf
45|
40
35 . . . . . . .
0 5 10 15 20 25 30 35 40
time/s
9 FEERARI TNHY SOC e AL &
Fig. 9 SOC equilibrium trend change in charging
mode
80
cell,
sy cell,
70 cell3 ]
cell,
65 | cell,
ceII6
X 60 w leader | |
o |
2 55
@ 551|

0 5 10 15 20 25 30 35 40
time/s



2021 42 H

10 FREBET T HY SOC e s T 1L [E
Fig. 10 SOC equilibrium trend change in discharge
mode

SiREoN, —MEEERNE ARG T, Kl
KA B0%II RSN e iR B B NN # 5, fERH
BN, 6 MG IR A — B & Re A4 FRRE
SUE AT TS BT, e HUN R DY t=39.75 IR,
AP BORBIUT, BRI TR Y t=32.5 I,
ST RTB AL RS BT B 11 v E
TR i SOC A,

80

7St cell, |7

1M BEHEEXTZH soc & E
Fig.11 Second order SOC equalization diagram in
autonomous equalization mode

R R, BT E AR R 24.55 1)
I fik SOC IER—EL, W E IR 7E I AN
v =[0.5;0;0;00;0;0], #i2 4 $i £tk ¥y £ 45 , >R A i []
t=0.01, [FINFEH Bt Z%a A 4.5, X
i BB SOC 7t ifE EHE vy N 0.5, AT
FHEE, VIR FEE v =[0,0;0;0;00;0],
X RE AU, UL 5 B0 B Ay BRI R AR D T v
0. & 12 Jy7e MEa T~ B BREE I SOC
B, 13 sl I ER B AT SOC ¥
i,

SOC/%

30

0 g 1‘0 1 ‘5 2‘0 2‘5 3‘0 3‘5 46 4‘5 50
time/s
12 FEEBRARX ZMERFESAE S0C i
Fig. 12 SOC equalization diagram of second-order

follower pilot in charging mode

80 -

cell

s cell

1
2

cell

70 3 1A

cell,

5

65 - cell,

cellg

60 -

SOC/%

leader

55

50

45+

40

time/s

13 HUEB AR M ERFE S E SOC 15 [E

Fig. 13 SOC equalization diagram of

second-order follower pilot in discharge mode

GEREIR, TR R E T HUIRES 75%HH R
PR R N 5, 6 A EREES e A AT FtR
A B F TN, AHE— B REAR T R4St
T RGE R F AL SERUA TR, T £=33.34,
Yt () ROR AR A, AT, 6 9 Hl ) SOC
%1749 82.8%, SEIL T Z ST SOC KT,
i FUIRZAS IR R 22 5 I\ 42.92% J DI FE 22 0.

TR AR 2 5 B A HR S 35.699% 1) K 40U R e 4
NG G, 6 AN EREE R e AR AT RR S B
[F) -, i RGUAE A s R A S T
I, IIE] t=21.8, SEHL 2 HIBTEH T SOC K11y
i, 25 b, TRNE LB BRI AR
P SR B I 25

x1EHIHEYER

Table 1 Control equalization effect



Control strategy Working condition Maximum deviation/% End SOC value/% time/s
Traditional balanced Automatic mode 42.92 54. 44% 202
control strategy Charging mode 42.92 82.8% 79.2
Discharge mode 42.92 35.69% 86. 7
First-order equilibrium Automatic mode 42.92 54. 44% 43
strategy Charging mode 42.92 79. 83% 39.75
Discharge mode 42.92 35.69% 32.5
Second-order Automatic mode 42.92 54. 44% 24.5
equalization strategy Charging mode 42.92 82. 8% 33.34
Discharge mode 42.92 35.69% 21.8
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