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Abstract

This paper conducts research on the online estimation of state of energy (SOE) for electric vehicles
using hardware-in-the-loop (HIL) simulation. First, a HIL simulation platform with a lithium bat-
tery as the hardware was established on the dSPACE platform. Then, the calculation method for
the remaining energy of the electric vehicle power battery (SOE) was analyzed, and a two-order
Thevenin equivalent circuit battery model and a vehicle model consisting of three components—
vehicle dynamics, driver model, and motor model—were created in Simulink. Subsequently, the
Simulink simulation model was compiled and converted into code using the RTW and RTI soft-
ware platforms, and uploaded to the dSPACE experimental system as the control logic for the HIL
platform. With these steps, the real lithium battery can be controlled by the HIL platform to charge
and discharge as battery cells in electric vehicles under the mixed operating conditions of NEDC
and WLTP, while real-time current and voltage data are collected and monitored. Finally, based on
the real-time operation of the HIL simulation platform, the research on online estimation of bat-
tery SOE was completed by dynamically optimizing the parameter model and algorithm in real
time using root mean square error (RMSE) as the evaluation standard.

Keywords

Electric Vehicles, Estimation of SOE, HIL Simulation

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

WAESR, WV AEAT M AP R FE AN Wi Bh 3 st A S AR 1 T R . SR, 5L GRS
R it BT DL E B R AN E, B A AF IO RE R OV B R . M4k, i RN S Z 2 AR &R
g, Rk, 5B E RSN /7 IR 4 n] i H BE S (SOE) I ME BEAE X BUK [ 1]. SOE it 1 HLjth 1)
BRA, CHEYWE IR ENR AL EE, BT R A BRENMA AR, S8R RREE
&, XOLBMONHEER M b i) EEREAG . D, G AR v S R A T O RE R RN
FEL )9 2 0 A 0 Tl R R A T 0 X R S B

H AT L 2 I S B R GLBMS)H, N TR/ THE &L, RHIRH ft i FEIR A5 (SOC) SR Wi B L 2
HRAERI R AT AR 2], — MM &, X 75 V0 AR SR 1 28 56 57 M AT L i 5 R R BEAE(SOE) . [F]
(O TRT B LR PE DG AR, A FOUINN DU 5 55 FH AN [ ek ] B3 1) 17 st~ 3 BB AR SRAF I AR RERE TR [3] [4]- 44
M, XF IR E M. — 7, BARZITERIE ST, EERDmb bR A g hitE, S
Foo R R R A, AR P AR, BPSCBRE A R LR R IR, H—Jrm, G
oA ] R B 2 RSO 22 DRV R0 2 T R R (W 1 Ly, P Ui F2 T /2 < ey S o i 7 3 “ARGE S
LA R RET AR R CSEEBIRIAE” E B RS, TIEEIHREAR R A B
R EARAL FE IR S B R SE PR S E 5 R BHE NS5 .

g LATR, AR R AR RE R A TS B, A SCHEE T dSPACE #5 g A (4 7E 38 7 FL(HIL) P & AT
WHFC. AZATF 5 R F SERR IR N TERR B, FRl 573 E 2 2 # i A. PID 2500 G f B Al . e gL 2 |

DOI: 10.12677/mo0s.2023.123182 1988 e RSE TR


https://doi.org/10.12677/mos.2023.123182
http://creativecommons.org/licenses/by/4.0/

Wit

RV (R IER 017 B, RIS R T L BE B SOE IR AT R IE . AR SR IR T 290 50 Rl Fad
BERITERLE, 2Tkl R S R SERIR S ST 5%, (A0 SO R S SEBR 1R L o
P, AWFFSEME T —FhdE T HIL & 1 s R R s AR Tk, 2 AR s il TR EE ) )
I, WREAS AT R R DA 7 I P A AE B R s I B e AL, B AT — S ORI FE AT L AR (L

2. BGEERBEEE

EAEAEIA T FL(HIL) By s A2 T SR E 5 0 AL T S B 384T, I HURT DASE 42 B 7 s
AT DB ALRER AR 251 [5]. AR dSPACE ~F 6 AF B2 1 A 7 i AT 4%
FHRELTEM: 1) M4 NEDC. WLTC SEAN AT TO0 N BB (AR R s AT i AR RE . TR,
SRl H LM AR R 2) SRASE S R IR ML B R 4t 3) il B AL T SOE.
AEAE, 1T HSCREAE AR I SR Xt LEBSAE I R . B3k, SEIUXS it SOE ULE LAt tHF 7 o

2.1. AT HIL FLEHIHRRE

5T dSPACE (1) HIL 1/ 507 &6 284 JEER W114] 1 Frow, dSPACE 1E N8N HIL 1 & 3042 il 771 51
PR S 2 1A AR, [FRERE Simulink K BEA 5 B AL N dSPACE 1, 8% BMS K%L
AL HEI BT SOE. REAEMIfh H A%,

EATIRARY, RERRIN SOE fliit kA Simulink 17 B T g TR G, ¥ RGN T
dSPACE I/O HJ Simulink BHFEAN I, SRJE A B) RTW M1 RTI A4 6 58 il B ANACH ) 4 46k,
AR R sdf SR I DAK 42 1 R #08) dSPACE 238 524t . BEEF Simulink £/ 35 L% 142612 R O 4
F\ dSPACE TEAFSURAR 1) N0 8, E 25 7 FEVB A AT e B 5 B R B e iy B i 82, Rk
M B 5 TAE RIS dSPACE [ E0# AD R4 VO FEREE R A FHzfil 85

dSPACET# {4
FE, b A7 5 L vy ] b i LT
|m——=—=—=—==== [Ttz 77 " v
I, |
| TR V;fgf: —}%—f-»: dSPACE |
' : R P s
: EL SR/ ]; : : Control E
! Yo, FHIEAD | Desk
| LERTuR] ST I
|

Figure 1. Schematic of operational process for HIL platform
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Figure 2. Hardware architecture connection diagram for HIL platform
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Figure 3. Principle of state of energy (SOE) calculation
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Figure 5. Schematic of parameter identification process
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Table 1. Identification results of battery parameters

= 1. S EPHRL

SOC (%) 100 95 90 85 80 75 70 65

R cha (QQ) 1.655 1.636 1.682 1.680 1.706 1.613 1.706 1.766
R _dch () 1.742 1.714 1.719 1.722 1.731 1.744 1.761 1.770
r 1 (mQ) 0.339 0.313 0.256 0.290 0.402 0.316 0.152 0.60
r_2 (mQ) 1.129 1.438 2.162 2.364 3.167 3.282 0.718 1.643
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Table 2. Simulation model parameters for vehicle
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Table 3. Simulation model parameters for electric motor
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Figure 6. Online estimation results of SOE
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