2022 MathWorks
hEREFS

E T Simulinkea ;i B R G SOCRAE TR
HRL, EFEH

o’-} MathWorks’



\l! ¢

.“—'Eﬁ..

4
LT

T

—. BBEE

= . Simulink#EE

2 R GESOCTH Il HY 9% = [6] 2

B ERRAZRSOCHENH

MathWorks AUTOMOTIVE CONFERENCE 2022

 RFE AR R




=) — B

\? 4

.’Sé.'..

1
L

T

—. BBEE

= . Simulink7EE

B R Gt SOCH Il 5995 == [8) &

B ERRAZRSOCHENH

MathWorks AUTOMOTIVE CONFERENCE 2022

R G R AR A




1.1 E

MathWorks AUTOMOTIVE CONFERENCE 2022

S &5 2 & Ao 7]
1 EIR R G EARINEE SR 1491 48
(kA [ =1l ] [ EARLHR j [ RTC ] [ﬂﬁﬁﬁgﬁ] iR
FEVh AL R Eg
R EHE
S HE
B B [ e ] FHIREEO ECZ
E?“—E; EE”E: %;E:;%L—TS fﬁ_i%nn;**u Discrete I/O ‘
EE}‘&@,E?;%E SIZ@J ?Eﬂiu < BalxT CAN
iR | |
Busbarl& & IJ:OZZ(f
\_ W, 4 N
( g0 -
Z4& Hir
~ . g?ﬂﬁiﬁ L Discrete I/O ASILAESR
* CAN
Z2RIP (mmmmmm——- R | J
B E8HVIL N = —— ~ . .
N R [ s | HHRES Hﬂﬁgﬂﬂl RS
IR AR S -7 SoC BiE S
REEARY o8 Gl ﬁﬁgfzﬁ
. FELJfL BRAEL PR
SUR/ TRl N ;
ok e 58 4 i Th I8 BRRIS kﬁﬁi_ﬁ
Py SOP \_ ) g izfT
_ - _ Y,




MathWorks AUTOMOTIVE CONFERENCE 2022

| L ‘ —
1.2 B EB RGN G W---NHE

Application I




| MathWorks AUTOMOTIVE CONFERENCE 2022

1.2 B EB RGN G IR ---KE

{from BSW) (from BSW)




/I

IT1
(i
=
T

LI.IJ
=
T

-

= . Simulink¥EE

1R

ERGERRENA
BRASGSOCIHERIGAEAI
ERGISOCHRE N

F

MathWorks AUTOMOTIVE CONFERENCE 2022

'iE.:.




MathWorks AUTOMOTIVE CONFERENCE 2022

|
2.1 H % |
I.EE,S&J::E%EE' ‘(OCV)E@ﬁﬁ—EEE%HIﬁ] SOC{Eﬁ: ) NCM/LFP OCV-SOC

.« =IFINCMMSOC-OCVRIZRRFR, T—ERERMSOC-OCVER; ..
e LFP{RZESOC-OCVEIZETE30%-80%X (a5 HF 18 54 Rk H SOCE 4K ;

2.5t SR — E R E I SOCHHE : .
- B TREEMNSESMN, BA2MELHT, BwTREsERET K, 0 0 & -
s BHRHERMEFHENAREE HE"IME,;

345 3.5
——0'C ——10'C —+—25'C ——40°C | |=—0C —e-10C —+—25'C ——40C|
34 34
iy -~ 0.0177V
Z 335 E _né;a Z 33
-~ # =i il
2 4. _.,—.,--me‘-—‘é"/ 2 4, ‘
3.25 F 00124V 3.1} 7
]
3|2 L 3 i L L
0 0.2 0.4 0.6 08 1 0 02 04 08 0.8 1

soC

?E%LX&JS&%#%"TE’J?FE%%F&% .



MathWorks AUTOMOTIVE CONFERENCE 2022

|
2.1 H

3.8 R G R B R — B B ISOCTA & - P
 BHMMEGHRAR, BTREAZENA—8N, SBREFERAR, TR ABIAN; “b'g
ABMSHE. B, BESRERENHN: |

« AXLfFNERE. BA. BEEZFENEEY, BTEFERESBEMNEABRENZ N, YWy nhERE

SHWEWEE(BHER. EFER)
© ENARESNRBEREGYRIFLMN, EXFSOCHETRTERTREMS S EEERRARE;

I\\\

w=m B L 34

3.4 . : :
105% ——( —— 400 —— 800 1200 | ——0 —e— 400 —— 800 1200 -
100% 3.35 oo 335 |
%: Z 33 gt z 33
w % = 4 £ 3.25)
K 0o = 3.25 {1 &
g 0% = y// % 32f
Rl = =
85% 3.2 3.15}
80% L A A L 3‘1 .IJ I i i L
0 300 600 900 1200 1500 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
NG SOC SOC

RNEZIRZS T 50 77 B A A T B 88k fh e 75 B1>SOC
XESEER, ZIBEEBZLMERNES, 3



\l! ¢

.“—'Eﬁ..

4
LT

T

—. BBEE

=) = Simulink7EE

2 R GESOCTH Il HY 9% = [6] 2

B EERGSOCHANR

MathWorks AUTOMOTIVE CONFERENCE 2022

ARG E AR A




MathWorks AUTOMOTIVE CONFERENCE 2022

HILW =

e
K |
f‘/

U

XXX T L] BMS 1778581 it T — ‘f
g = L :

AR

ARRBE &
HIHIHIEH H
HIHEIEE ]

Ll B

BRI

h ] |
e

— = -

DESIGN

Th () A Y

Simulink Stateflow Embedded Coder Polyspace 10




| Fb
3.2 SOC {HHEEZE

Il)&

SOC-OCYV Database

Operation Profiles

Key Parameter

2012, By Xiaosong

v

Parameter Identification

Milestone

2004, By Plett

2006, By Plett 2006, By Plett

Others

H-Infinity

PF

Around 2018-Present

Data

Battery
Model

Algorithm

MathWorks AUTOMOTIVE CONFERENCE 2022

[ ¥
Parameter SOC
Identification Estimation
Using Online Learning Using filter-based
Battery
parameter Database E tSO(i'
Using Offline Learnin, stimation
= ng Offl cod Using filter-
' based.

11



| - ol L Tl 8
3. 3 B iE R -—--F L E i f= BY 151 A

MathWorks AUTOMOTIVE CONFERENCE 2022

EIBARBVAER . AT TS, FAREEEFEHEERAGNTIRAARIES, SRIBKSHE. BHKRBHE. BHELN
HERT, IEMRLEAFTEATEES FE TN EBER, SRR TESTHEMNRZEBNXR, MEREE 7 Ebd TIEIETAR

FMH KRB ESERZENRXER,

%%ﬁ%ﬂ#ﬁﬁﬁ

Rinti& £
—BRCH=E
(Thevenin)

. . —HRCHRY

235 B
ZHRCIREY
—BARCIRFHHEER!
PNGV1&#Y

ETE—REN L oen

CER A il

MEE, FHIANSED, BRERFEN

R g ettt
LM, T E AR AR Bt Ao F B
L____J Vie=Vock —ikRo-teRp BR B e athameanas
O Ve = Vook —ikRor s . b —FARCHE B4 4 B 47 B3 1t O Bh B s
Ve v g r r Be Be |
| IO ikRp1-ixRo2-1kRp2 3
Vi =Vock — ixRoi- L RIFH R B, B BRI
ixRp1----ixRon-ikRpn ™ = MmEss, EEthsESES
eEA Vi = Vock — ixRo- \ \ BERGEMEE, T E BRI ER EE EhER
kR S A, BATBEGEE
L ERMBBRALBEURANERT, HEE
I . Vi =Vock — ixRi-ixR, BT & e bt Thevenin #AE &, HifiEi&E & AT HEV
T | EBHRASB
SUFENLBER AEEARRORBORAIL, AT SUREHSEEXOEN (D, BH%F)
FHNEE (BPRENG. £R%)  REAH BEANELEAENY, 7ML BEESR B

MRATXEFRT, EEEZRREY EE/ﬂlE’hler?FH?F'
12



MathWorks AUTOMOTIVE CONFERENCE 2022

3. 4 BBt AS B A BRI 5

¥ y v

4 ) f D
o FENNEBTREEFRIERE, KM [ @ mEREEREEEREmIRGETRsy || ORE ((FreedomCAR BRI F
AY Mz,
SOCE5THAEAGMHITNEAEESH Y 3417 HPPC K4 kAR ERER it
‘" . RN SR IR
| 1 I#RS IHazk BEW =Ew hEm 8 Ei 20 @i%‘# RIS
- | F Rl B b
! ! [7] #E [u] [0] [0] g}rg E;B 222230
1 | g] EeRHE 0] [110. 8597 [0] B (T L9
| 1 [s] B E [0] [0] [0] EEE;B i:g
I 1 [10] TEERRFE (0] [83. 14481 (0] %J‘i(v‘)‘m. 8
1 1 [11] ERRRH (0] [22.1719][0] Eggﬁim
| 1 zl BB [0 1] (0] Loop to 8 count = :yggﬁ ey
[18] TEFBIREA [0] [22.17181[0] B (V) <2
1 120 ——nNeDC 1 Ej[Eﬂ (%:&:) >:3eoooo
I . 1 [14] il [0l [0] [0l B 8] () >=3600
1 100] $E'H‘II§J HHZ& O 1 HPPC%E&I%
: iE 80 21 : |
1 % & ;'4;:-200' ! 7 . : }'7 : # —L "if’ ﬂ#‘#" i
T ® I [ |
N 1 ‘
! 2 00 - , .
1 0 400} 1 “ ,7“ o
| 6 260 460 660 860 10.00 12.00 6 260 460 560 360 1[;00 12I00 ! il j j
| Time () B () ;) .
N o o o e e e e e e e e e e e e e e e e e e e e o - — ; = 0 =
\_ JAS HPPC%J‘ %b‘zﬁ@éﬁkﬂ% )

13



| MathWorks AUTOMOTIVE CONFERENCE 2022

3. 5EFSimulink SOCE 3£iE =

ZER AN —— I

ERIERIA

= ocv Bgdocv
. 4 i HRR l e i%@f.
SOC{ﬁﬁ socfiss N == R
(ZRIFRD)
= :
] RCitE SRR
—PYRCH B — U
B iR B S5
BaEevER 00 - -
B . o : ro ;: :El
ETEKFEZESOC{HITHERI R My =Bl | | s
HIY) . . = Ll . . O m
sl sock—afscc ’ | = Bk
“MRCIREREHE

14



MathWorks AUTOMOTIVE CONFERENCE 2022

3. 6T Simulink SOCE L5 B B MILN

\l

J@
I_’IZ|74>+) Bl 0 xt_updatei
5 fon | ‘“@l
—o
z2.83 »| Capacity
Capacity
| Current
I —
Shest1 D) - - - -
; e ]
= SOC_himit -
- Soope
> soc A
J|> u
A : : fof ) | o]
3

[ A A RELR
S_Is M it . "
Wit T - = Y
N =
‘MA T

A EEE
EOEIRDR

15



3.7 i

SOC{E i A BRI
> WIETR: EREEFTBEIR.

> L TS =

FSimulink SOCE

NIESY)

FIAREBEMILNI

FUDS_T_&JrCCCV?EﬁfIEEI/R

Voltage Profile

mg ing condition

HWH‘W

i

MathWorks AUTOMOTIVE CONFERENCE 2022

FZET R (IANEDC. WLTC. DST. FUDS. UDDS%)

> 2.SOC{hHTT 45

MK TR/ B E R 2k

SOC Estimation Error Profile

—— FUDS discharging condition
——-0.1C-U_, . CCCV discharging condition

|||||

= _ . 0.5 0.024 ——1C-U_  CCCV charging condition

—Reference SOC
" SOC Estimation Result ——Eslimad $00 0.4 D.OI f/\%
09

0.3 0‘00 /\/
03 i 2 |
07 = 0 OI I\N\/“
- 06 & 02{| *
i #
’ 0.14 |5ﬂ IBO 210 "4(} 270 300 330 360 390 420
03
e 0.0+ S
01
W 01
0 60 % 10 1 180 20 %0 M0 30 30 0 % 40 0 30 60 90 120 150 180 210 240 270 300 330 360 390 420
Tinme (min) Time (min)

MK A TSOCHETTH AR

M T TSOCHETHRZE

16



3. 7 ZETFSimulink SOCE

SOCTh i HA S IIE:
> ZTHFM BEMBEBIREI0%. BRERF/EEERFARE. BRAERFFERE. BEERFAFERE

Current(A)

S0C(1)

SOC(1)

20

o

-20
-40

Testing schedule

CV charging
0.5C CC chargmg condition  condition

i {42
1 {40
1 {38

{36
] 134
] {32

13.0

-80
-100

discharging condition

HiAIRT

settling
condition 44

2.8

0.8
0.6

04,

0.04"

024

Time(min)

Estimated SOC Profile

0.58
057‘

400

05048 240 250 251 252

T T T T T T
0 50 100 150 200 250
Time(min)

SOC Estimation Error Profile

T T 1
300 350 400

Voltage(V)

Current profile|
Voltage profile|

True SOC profile

= = Ideal condition

— = Uncertainty of battery capacity
= = White noise of Sensors

=~ = Bias of the voltage sensor

— — Bias of the current sensor

MathWorks AUTOMOTIVE CONFERENCE 2022

) B M LS 3t

T & SOCizZE

Bt R EIRZE10% 2.8%

e BB E R
R=

1.9%

B R e RE 1.9%

BEZREERIRE 2.7%

0 50 100 150 200 250

Time(min)

300 350 400

Ideal condition
Uncertainty of battery capacity

—— White noise of sensors

Bias of the voltage sensor
Bias of the current sensor

> BT THEBAISOCHEITEE <3% ;
> AINERAE EEFERIE T RN E ST,

17



3.7 i

~Simulink SOCE

SOCHETHE A HRE nE Nz 1 1iF -

> GUETR:
> BEIEWIRAIRTS:

ERIEERBIN.
?‘]]!ISSOC():S

Testing Schedule

NP
0%

4 Charge from 0 - > Disharge from 0,95 ~—— >
|[#¢————Charge from 0.2——»{ ——Discharge from 0.75 ——»|
Charge from 0.4 il ——Discharge from (.55 —»|

«—Charge from 0.6—»|
«Charge from 0.8

Discharge from 0.35
leDischarge»|

FARER

from 0.15 44
60
4.2
40
4.0
20 —
; 0 \_, 38 <
E 20 36 gn
g -0 34 3
0 37
80 30 Current profile
it 28 —— Voltage profile
50 100 150 200 250 300 350 400°
Time(min)
Estimated SOC Profile
1.0
0 l)i w—True SOC Profile
U-N : Battery Charged From 0%
(]'TJ‘ = Battery Charged From 20%
= 0.64 — Battery Charged From 40%
E, ‘q‘ Battery Charged From 60%
o 0.5 1 = Battery Charged From 80%
" 0-"’? Battery Discharged From 95%
0,3] = Battery Discharged From 75%
0.2 Battery Discharged From 55%
0.1 Battery Discharged From 35%
0.04 = Battery Discharged From 13%
0 50 100 150 200 250 300 350 400
Time(min)
SOC Estimation Error Profile
0.4
024 Battery Charged From 0%
- L = Battery Charged From 20%
S 1 ] —— Battery Charged From 40%
2 | r Battery Charged From 60%
-0.24 —— Baitery Charged From 80%
03 Battery Discharged From 95%
-0.44 U-(}i] = Battery Discharged From 75%
o ()‘(H —— Battery Discharged From 55%
=4.09 =0 = . —— Battery Discharged From 35%
- 0 50 100 150 200 250 300 350 400 Battery Discharged From 15%
L8 T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time(min)

R MLt

TEIR, EARRBMRSEHNEE

MathWorks AUTOMOTIVE CONFERENCE 2022

B bR IR RS

esshiEl | EBBEIIRRTS | WKSKES[E]

MO%FHIR T E

3% MIS%FFIRTLER, 627

M20%FFEEFEE

4% MT5%FFIR IR 51%)

MA0%FFIEFE

3FD MS55%FFIEALER 14%h

M60%FFHRFEER

37 M35%FFIATHTEE, 55%)

M8O%FF R FEER

4% MI5%FFIA TR 76%)

> SOCHATTRIAMRIE MR

HEAFSOC. K[E

TR AP RIE R S 2 A SXSOCHHIE

18



3.8 &T

MathWorks AUTOMOTIVE CONFERENCE 2022

~Simulink SOCE ESIL/PILM K PR =15 BH

SIL(Software in loop) test environment

Test Signal Generator

Battery Pack

(((((

Current
Voltage

Execution Time

ey s
—

Verify that the model is

vtk
A AR
| '|'

1 , 1
g: ".l "' i Ll"'i LI" L‘ i L‘ M l i ' L '1"l '1"1| '1"1| '1"1| ll" i l-l"uﬁ 'l-l"u’l 'l-l'*ujl 'lln’l WA [0
Y lL' tL' LU til 11 vy AR EENNE

{hyh

Vnﬂagal' v

W

Testing data, current, Voltage and reference SOC

""" Verify SOC
Estimation Error

wn
=

=
oy
=

Verify Computation

Computation complexity analysis result

PIL (Processor in loop) test environment

19



3. 8 PACK-HILM® &= %:

ESCiHFERS

HIL/WJ ft /‘ZJ“\ IR

ECU
B
&0
= =
E_E ﬁ‘ - v
‘‘‘‘‘ e

SRR RSR

—RE X

R FRBIEN W RITH;

AEGR R RIVERSRGES
L EB R L 2 B X2 5%
KBRS I R B AN

X E xECU?ﬁ %’J ?%;
REBST TIREREATIEIE;

BREIZ BT ThRE

M AR um Tt A TI8E

izt

ECU

MathWorks AUTOMOTIVE CONFERENCE 2022

External |jussp "orEm
device

Logical

Physical

Real-time model

1/O model

Behavior model

- Madel

ConfigurationDesk

Modeling tool (MATLAB/ Simulink)

(| 4F{# F§Dspace/Configuration Desk 52 5{1/O modelFF %
ZEMatlab/Simulink #1525} #)IRAE RIS, f7 AR & 20



| MathWorks AUTOMOTIVE CONFERENCE 2022
3. 8 PACK-HILMist %24
! it BMSRERIE (BE.
B BRRIEE)

Mk TSN
ABIRSA  fyamsgn s
MM Y R IR
EUANALAULLAR INTFIRR LR
| |
<€
87 {57 e 3
Dspace& Tealtime SRR AR
Workshop
_ )
B3R5 5 E T
BERBRSE PC ; BMS _E £ %13

HHENE 51E%

21




| 3. 8 PACK-HILM® &= %

Bimig % Z 4 2 = T PACK HILIK 45 R 7=~ :

MathWorks AUTOMOTIVE CONFERENCE 2022

ZRES

HERE

;MAETR

SOCf&THR
=

100%E 1k =

45°C

NEDCI /R

-1.2%

25°C

NEDCTI /R

-1.6%

-10°C

NEDCTI /2

-2.7%

95%E 1k =,

45°C

DSTI R

-1.6%

FUDST R

-2.5%

NEDCTI /R

2.0%

25°C

DSTI

-2.4%

FUDST

-2.4%

NEDCTI /R

2.3%

-10°C

DSTTI

-2.7%

FUDST %

-2.8%

NEDCTI /R

2.2%

[— SCEH
%.I.L'| - st

12 —
L me 1 — R
2 R 4
o e M e e A A e A A i
o] ‘.‘
i .
st AAARAAR foin < I
= \ | | | & > ]
s RN ARNNTLE %
450C 2 5 | " I | |l ‘ -Jq o ﬁl_‘_'_,_|_
) 1L Jl 11 11 ||"'E 1645
U 2
3 \ ién
| 1 ]
1 E.r ;
|
I4 i
» It
B+ 7 7 7+ 7 Hn g
™ A (i
e - e
i 15 A kil
& 128
b5 s
0 e
£ g0
25°C  ° D ik
ot [ N
a 1
e
" 1
!
) n

.......

:thiH=ﬁ: i *f:jj T
»]] TRIRIRIR . Ao Y 2 ) EE
E -‘: J n l ! 1 ‘ J JZ g ol ‘15‘_‘ ﬁﬂq "F‘l rj i f z»i i‘: -
£l /w |\Jf1| AL R
AT A, 3 ———

22



MathWorks AUTOMOTIVE CONFERENCE 2022

3.9k

ey =H

JE: l%l_EE,/{@/WJI_WE%EREE/{@/NUWI/R[/XE\EE,/ﬂJ 5
o FEASImulink B wHIES AN TR UREZER T RILIEEE;
- RIBEBLAEIE (IBER. %) BEEXXTHEAEX,;
B iR A -
s FEANEMESEHETR:

> SRS TR UFERERIIIE SIS LR,

> {# HSimulink Design Optimization T B3, &=/N_FEALINSEES;
o EFIERMIERRSEC RIESimulinkiR 2% ) 5 CFREFRITLL, AT BRI EE,
BRI :
- MIL{FE

> '{E;;J;HSir;ulglg%%%@, FEFREFHmESNEE SEEEREENEESER, MEXNELRE, REMMTm, N

HRUFE )

> ETAS RBEEEINRSRENUELBENTERZ, BLIASYUEN B EETEENLTRS,

> ERIKIT (Fixed-point) | BIIEREIT, ERFEEBEMNEM L, MREEEITHE,

o] F BSILME, ISIERASSRBIAFRME,;
« OJAAPILNE, MR ESMELNEZTIER, NEAEREMEE,
* PACK-HILM :
WINERR., EWEAETERE, tEEESXPACKAEERNIFRHERGFHMIONNIAE.

23



2022 MathWorks
hEREFS

Thank you

/} MathWorks'

© 2022 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may
be trademarks or registered trademarks of their respective holders.




