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i HAEC B (Long Short-Term Memory, LSTM)

HAFT{7e0EIR B8 T (Gated Recurrent Unit, GRU) »
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h,=o0,Otanh(c,) (12)
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1°T HIDDEN
LAYER

INPUT

2" HIDDEN
LAYER

OUTPUT

30 HIDDEN
LAYER

EiRIAE ¢ Islam and Hossain, 2021.
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(Nicholson and Heath, 2021)FfrHz (L0 $HEE 25 A
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5. tHICEE48
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B HARhR B S A - BREFICE BT aahk
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T4 AHREAMERS R ER

EXSR T ERA(V) HHER = (Ah) #4E SOC (%)
FEHE=NMS)FEEE T2 48 100 75
HHH(Single) il 2R 48 200 75
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FEEENF > BRI IR o R T
BRI EE FIMATLAB/Simulink T HY B4 - 401
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F—H PERE114F 3

RS AWTFEER TR RIS R
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> 80% MD -~ ST MD -~ ST MC ~ SD
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iy - EHERYEE BMD ~ ST » (AR EEMSOC
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%

BhE MV RHECE R - B AR Y 1) & 08

IfM = 20% i%f&ﬁ@ﬂ
B T sdF | B TR T
A A '
If S > 80% If M > 20%
x E A E
& B 7 E
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Xk:[Vb,ka [b,k’T;ell,k]
Yl,k:[SOCk] (17)
Y, .= [Vb, i)

(e A T P B S BB R MUV
BISOC » AIE 107 - 6 » JPUcEE > 2okt
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BIRE R
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Layer Layer Layer
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6 AWIFTANFISEAL SRS B E R

HH 28 st RESH
genfis Options A BT I R B AE R F] Grid Partition
Initial FIS iy A\ SR B B S e 5
LR TR 250
Input MF Type iy N\ SR i o ey SO Y gaussmf
Output MF Type S L BB B e B R R Y constant
Epoch Number BRI 350
N T 4848 | Optimization Method EIETSS4E S wWaE=N hybrid
Error Tolerance SRR A ME 0.5

ey SNV

Bt FRRE T E RN ER D R SERORTAIR -

e - EFATISREIAT > FRE e E HAHER HERRHAERR G E TRERER
R SH o BARBRNE - JIMRBEEREE 64 BEIUAEME RS R E o Fith - AR
FHRESE > SFURCENRATR - BHEKCEN & T —EREECEEN =g £ R gy 1
A 2 B RIS Y RT I 2 B 455 f‘}%@@ﬁ RS ARE - P LSTME TAIE 13FR » it
B2 BRI HANEERE - BT 4 BAAHEEI SRS EEENRSFTR | &2
Rgr e TSR R BRI E S - f2m EER0.001 > HETCR/NR64 e KR ARER

TR R E AR - 3503158 FFI Adam B £ B F T4 -
5.2.2 RIGHAECIBRE 5.2.3 PHETBIRETTIREY

E

FESCRR(Vidal et al., 2022)f2%] - F%“EEEJZ‘ AWTFEREE T — g GRUJE M = g 2 2
Bl > Sl GUEE RN EE - BRI A S BV A - WIE 4P © B T LR
EiEm o Wit > AUSTAERHAEELSTMEE  HEAES 2288 (855 - (NIt > HEHIHRI S
el AR (B > FIRF R SRl ReR - A B EHLSTM 2 MRIFR - EERG
B9E 22 i (Hong et al., 2024) A LSTMEG . 0.001 » #EICR/NRy64 - F KRR EUR 3503
[EEITTHENRE - FABERIEEASLSTM B T Adam{B{LE T -

=TT 732 ~ 64 ~ 128 =l A [E BT BN S T
e e R - g 5-2.4 EEEEY(GRU-LSTM)

RT  AWTFELSTM[ERE LR

LSTM[E )i & 32 64 128
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BRI 6857 5%) 1355742F) 1395335%)

BRI © AR -
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8  AWFFELSTMAY S e F9  AFEGRUAHE S BEIES
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BN GRU & IR W E
GRU neural network
s O¢— i %
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: e | e AT
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HRPICR © AT -
14 ATIECRUEMTEE

AR R RIS AT > A LSTMEg I = g = P g Ay IaE G 20 1 - B
B e g e 4 Extbmﬁﬁ”féaﬁﬁﬁ%ﬁ&@ H a8 AR S R TR e st - W
{EFs64 x 641F - BG4S RAVRMSER/N - 1% EISFoR « HERHREEES SR E HhEE
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AR HRF [ 32 64 128
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2735327%F) 1715756%) 17247
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(e 2 17055 17%) 19247 1834513F)
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172554%) 1965747%) 1995540F)
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F11  KiH7EGRU-LSTMAYHE 2 #sE i #12  AWFFELSTM-GRUAJHE S s iESR
IS8 SURE IS8 SURE
GRU & 57T 64 LSTM [k B 7T 64
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AHIFEREE T LSTMEIGRUTT B ISRIGR] At o SFRERINR - 270 Bt Hags
=B A B o 6T 0 BEE IR L B R S R -
By TS 2 ABDRUEETLLE: - BIILIERAS G E A LI The World Bank )i &AM AL 2
SUERERIAEIR] » A0 12FTT: - H3007E 2 T8 £ 5 5 (World Bank Group,

s bk e iy Tuasgee = 2023)3 EIIERRIE - FARRE AT
5.3 inHE EMaIESTE o
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Iy Vb Teenn
[ I LSTM unit
""" e LSTM unit
., | :
[y LSTM unit
1 LSTM unit
L VN LSTM &
BRI -
/\E':‘ ’

F© RS
Top & Z AT EE A B A &
C, B EIRR 2 i
[F]HF 275 i 38 ni N BRI 22 9 ) 4 bie (1 HE [ HR
& (InfoLink Consulting, 2024) > #[&E 177 ©

6. tHFRIER

AWTFERR S i E B AR (R A T
BIFFETAVEM - &CEERRCRFFESEHE T
BRIRIES [ > A 18FTR - AR E Ry
BB RIFIGR - AR LLZE D 3 (step-by-step)
e R E G E B H AR BIEE T A
I1; 38 A R S HE B B (MAE)E R fa i - B2 6

7

=

B R E G HRRR A > DU A PR R
DBREHRI - AT EE AR IRA IR -

6.1 ZHIVRELFIIKR

Step 1. 85 YA BT E TR
o E I A B R R
SRy CEI3 2 » B EERH B3 CRIS C
(Yang et al., 2019) » 41 13F7% - S FEEE
REST R R TR R
EES CHA0C M » AR IRk
EL‘; °
Step 2. BEEEA A RN 75 S AR S
FAFT » DL TS T R R
R TR TR » S B B e B e %
TEIREHRES CEA0°C - R iR A E

D iﬁ};jaai’fb T PRI

B - N %
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M NT$ 225 NT$ 67 NT$202 NTS 114
1B+
W& NT$247 NTS67 NT$319 NTS$ 114

ZlAJE © InfoLink Consulting, 2024.
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fif 48 4%

Benl | EHEAAER
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Step 2 !

RILE AR
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5

ERAAKEEH

¥
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[

Step 3 < '
B Bl sk i
ECM Fuzzy ECM+ANFIS i
GRU- LSTM-
ANFIS GRU LSTM ESTRd AR

Step 4

|

AR & #(MAE)

BAEE
ANFIS » GRU * LSTM * GRU-LSTM ~ LSTM-GRU

i}

s

FEREEA :

FRIACH * ATIGR -
CILE s G Rl

RI13 FEREHRAHERR

TR ER R (A%
EICHEIC C1Cr-D3Cr
E2CHESC C2Cr-D5Cr
FREICHEIC C3Cr-D3Cr
FEICIHESC C3Cr-D5Cr

BRI © AR -

R4 OREETHIER
i (A%

5°C TS
25°C T25
40°C T40
5°CF(40°C T540
40°CE(5°C T405

ERIAOR : A5

Jeels -

PR A A -
PR o B 3 St SRS i
TR 5 SOCHEEFEE 11 7220%~80%
RS ARG DR A R
HE AR PR - TERTUBRSEI T (ST
SEEE(MAE)Y N 10% » 915G HANFIS -
GRU ~ LSTM » GRU-LSTM ~ LSTM-GRU #.
R (4 EMAE/N 5% o A9 B3
LSTM-GRUPIE 5 55 th i HE A e A e AT
Sl -
Step 3. {e RIS GBS £ 7
(RUBEFERFE<10% 2 L4 > B ANFIS -
GRU -~ LSTM -~ GRU-LSTMAILSTM-GRU 57%&
{ADTE - R —RET SRR R
R DI - A& T BRAE(SOC) -
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15 AEAFEDRE MERV S HIMAEMERER
B ANFIS GRU LSTM GRU-LSTM | LSTM-GRU
TS5 1.39% 0.19% 0.28% 0.68% 0.41%
T25 0.55% 0.20% 0.43% 0.16% 0.68%
T40 1.59% 0.18% 0.11% 0.21% 0.18%
T540 0.51% 0.54% 0.68% 0.44% 0.34%
T405 2.80% 2.68% 0.28% 1.03% 0.38%
3 1.37% 0.76% 0.36% 0.50% 0.40%
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FIFIMAE(E - A FEREOREIREET » BTR
BRAE Z A HITERE -
Step 4. AT BB AR (B DR TS A

TE&r & ELi S AT EUR S R N HYR
Wiz > WS LLU N &SRR @ ANFISHERIFYMAE/N
128.3% » BURHAEE B ST AT E
HYREHEY: - (ERREEEHEAHE - GRUE
BIFIMAE/NR9.6% » IR MHAMAEL - B

FE A H AT i B R PR (O M L R SR o i —
WFZIE R » 28 T VERE © LSTMAEEIHIMAE /N
126.5% » B H i Y = HAAR B8 4 ) B
REJT » AEfGHIZEREM: EESANFISFIGRU - 5
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EARBETETHERE

XMAE < 5% #2524 » LSTM-GRUA [y
MAE/NR4.7% » FERTA A R a (A8
HEREHE RSOCHLV, - Mt EREA T E
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REEMEE R T HAYRE IR AILSTM » HEHAE
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M e
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T40 4.64% 9.53% 5.55% 9.12% 4.31%
T540 4.41% 6.07% 4.29% 5.07% 3.52%
T405 8.23% 8.42% 6.43% 6.97% 4.68%
1y 4.86% 6.45% 4.55% 6.98% 3.56%
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Development of a Data-Driven Master-Slave Charging and
Discharging Strategy for Low-Carbon Grid-to-Vehicle
(G2V) Trading Applications

Chun-Wei Huang'"  Hsing-Yu Lin>  Shih-Hsien Hsu'  Ping-Hsin Lee’

ABSTRACT

With the transformation of low-carbon transportation, the electrification of transportation vehicles
has become a trend that cannot be ignored. In terms of carbon reduction, there are mainly four low-carbon
transportation vehicles such as electric vehicles (EV), plug-in hybrid vehicles (PHEV), hydrogen fuel cell
vehicles (FCV) and hybrid vehicles (Hybrid V), and these four carbon reduction benefits are quite different,
mainly depending on their power system, energy source, energy efficiency and use environment and other
factors, among which pure electric vehicles and hydrogen fuel electric vehicles have the greatest carbon
reduction benefits, but because the cost of hydrogen fuel is too high, pure electric vehicles are currently the
wave of the world. However, BEVs are extremely dependent on clean electricity, so the battery management
system (BMS) plays a crucial role in EV charging and discharging management. Within this context, the
Battery Management System (BMS) plays a pivotal role in managing the charging and discharging of
electric vehicles, specifically by monitoring key information such as carbon emissions flow, load flow,
and power data. Consequently, this study aims to develop charging and discharging strategies for electric
vehicles, facilitating the master-slave battery packs for charge/discharge scheduling and grid connection.
Additionally, a low-carbon grid-to-vehicle (G2V) trading model was designed, with continuous monitoring
of the energy-related carbon footprints, carbon cost calculations, and state-of-charge estimation to enable
optimal decision-making in the charging and discharging strategy.

This study develops a state of charge (SOC) estimation guideline for low-carbon electric vehicle
charging and discharging strategies. Based on the research results, five state-of-charge estimation models,
ANFIS, GRU, LSTM, GRU-LSTM, and LSTM-GRU, were be selected for analysis and comparison to
optimize their estimation performance. Different ambient temperature and (dis)charge rate scenarios were
established to optimize the Battery Management System (BMS). Under verification with the same battery
capacity (200 Ah), the results showed that the average consumption was 62.75 Ah for the primary battery
and 71 Ah for the secondary battery, compared to 173 Ah for the single battery. Experimental data validated
the optimization of the Battery Management System, with the LSTM-GRU model demonstrating superior
estimation performance, achieving a Mean Absolute Error (MAE) of 3.56%, indicative of excellent tracking
capability. Furthermore, the analysis of carbon emissions, including the calculation of carbon emissions
and carbon costs, demonstrated effective carbon control. Compared to single-battery operation, the master-
slave charging/discharging strategy reduced the average carbon emissions by 0.06 kgCO,.. Finally, the
experimental results confirm the feasibility of this strategy in actual hardware environments, offering a
promising solution for mitigating range anxiety in practical applications.

Keywords: Master-Slave Charging and Discharging Strategy, Battery State of Charge, Carbon Emission

Monitoring.
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