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UGC LUGNG TRANG THAI SAC CUA PIN
DUA TREN THUAT TOAN VFFRLS KET HGP MANG NEURAL

STATE OF CHARGE ESTIMATION OF BATTERY BASED ON VFFRLS ALGORITHM

COMBINED WITH NEURAL NETWORK
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TOMTAT

Bai bdo nay dé xudt mot phuong phap méi két hop gitia thuat toan VFFRLS va mang
Neural dé udc lugng trang thai sac cGa pin. Thuat toan VFFRLS dugic st dung dé nhan dang truc
tuyén cac tham sd ctia md hinh pin, véi muc dich c6 thém nhiéu dau vao hon cho mang Neural
nhdm tang do chinh xac udc lugng. Ngoai ra, cic tham s6 nay duoc dua vao mang Neural dé
danh gid mdc do quan trong cla tiing tham s6. Dé xuat nay c6 uu diém la cho biét muc do
quan trong cta ting tham s6 dau vao, khéi luong tinh todn gidm di dang ké ma két qua du
doan van chinh xac. 56 liéu st dung trong bai béo thu thap tir qua trinh xa thuc té cla pin
Lithium-ion. Két qua md phdng va thuc nghiém dat dugc sai so RMSE nhd han 0,29% va MAE
nhé han 0,23%.

Tir khéa: Trang thdi sac, mang Neural, pin Lithium-ion, udc lugng SOC, VFFRLS.

ABSTRACT

This paper proposes a new method combining VFFRLS and Neural Network to estimate
the state of charge of battery. The VFFRLS algorithm is used for online identification of the
battery model's parameters, aiming to provide more inputs to the Neural Network to improve
estimation accuracy. Additionally, these parameters are fed into the Neural Network to assess
the importance of each parameter. The advantage of this proposed approach is that it shows
the importance of each input characteristic, and has excellent accuracy in predicting the result
despite the small computational volume. The data used in this work is collected from the
actual discharge process of Lithium-ion batteries. Simulation and experiment results of the
proposed method reach less than 0,29% and 0,23% in RMSE and MAE respectively.

Keywords: State of charge, Neural network, Lithium-ion battery, SOC estimation, VFFRLS.
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1. GIGI THIEU

O nhiém mai trudng, su néng Ién cla trai
dat la nhing van dé rat nghiém trong ma thé
giGi dang phai d6i mat. Nganh cong nghiép
xe dién dang phat trién nhanh chéng dé dap
Ung nhu di chuyén ctia con ngugi vaéi lugng
khi thai carbon thap [1]. M6t trong nhiing
van dé 16n cla xe dién d6 1a van dé luu tr
nang lugng [2]. Ngay nay, pin Lithium-ion da
tr& thanh lua chon chinh d@é luu trir nang
lugng cho xe dién vi ndé c6 mat do nang
lugng cao, tudi tho dai, hiéu suat khi lam viéc
& nhiét d6 cao t6t va kha nang tu phéng dién
thap. Bén canh d6 pin Lithium-ion con ton tai
mot s6 nhugc diém nhu nhay cdm véi qua
sac, qua xa, ¢ thé gay su c6 khi khong dugc
ki€ém soat [3]. Do vay, dé tan dung ti da cac
uu diém va han ché t6i thiéu cac nhugc diém
cda pin Lithium-ion thi mét hé théng quan ly
nang lugng (BMS - battery management
system) cho pin la rat can thiét [4, 5]. Trang
thai sac (SOC - State of charge) la mot trong
nhlng théng sé rat quan trong cta hé théng
BMS, né cho biét trang thai, thai diém sac va
kha nang lam viéc cGia xe dién. Tuy nhién,
SOC la dai lugng khé c6 thé do ludng truc
ti€p dugc nén chi cé thé ti€p can bang viéc
uéc lugng [6]. USc lugng chinh xac SOC cling
la mét thach thiic khong hé nho do né bi anh
huéng bdi su ldo héa, béi sy thay déi cta
nhiét do va chu ki sac/xa [7].

Hién nay c6 hai phuong phap chinh dé
udc lugng SOC la dua trén moé hinh va khong
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dua trén moé hinh. Phuong phap dua trén mé hinh nhu
Kalman Filter (KF) [8], Expanded Kalman filter (EKF) [9],
Unscented Kalman filter (UKF) [10, 11]... la cac phuong
phép udc lugng vong kin, c6 kha nang sda 16i, giam thiéu
nhiéu nhung khai lugng tinh toan kha I6n va chua xét téi
yéu t6 nhiét d6. Phuong phap khéng dua trén mé hinh
nhu phuong phap dém Coulomb [12], dién dp hd mach
[13], mang Neural [14]... Cadc phuong phap nay c6 dac
diém chung la khong c6 kha nang tu khac phuc 16i, can s
luong di liéu dao tao I16n, nhung bu lai két qua la chinh
X4ac cao.

Céc phuong phap st dung mang Neural hién nay chi
tap trung thay déi cdu tric mang ma chua xem xét anh
hudng cla tinh chat dau vao téi chat lugng dy doan cla
mang. Vi vay, bai bao nay dé xuat mét phuong phap udc
lugng SOC mdi két hgp danh gia mic d6 quan trong clia
tham s6 mé hinh pin thu dugc tur thuat toan VFFRLS doi
véi mang Neural. TU d6 giup cho mé hinh cé nhiing
théng s6 dau vao hitu ich, gidm thiéu khéi lugng tinh toan
ma két qua thu dugc c¢6 do chinh xac cao. D6 chinh xac
cla phuong phap dugc xac minh bang mo phéng va thuc
nghiém.

Bai bao c6 cau trdc nhu sau: Phan 2 trinh bay ca sa ly
thuyét xac dinh cac tham s6 ciia mé hinh pin bang thuat
toan VFFRLS. Phan 3 dé xuat cau truc mang Neural dé uéc
lugng SOC. Phan 4 trinh bay cac két qua mo6 phong va thuc
nghiém. Két luan va dé xuat dugc trinh bay & phan 5.

2. XAC PINH THAM SO MO HINH TRUC TUYEN BANG
THUAT TOAN VFFRLS

Viéc udc lugng SOC phu thudc vao mé hinh chinh xac
cUa pin nén viéc xac dinh chinh xac cac tham sé cta pin
la rat quan trong. D€ cé day du co s dit liéu vé mé hinh
pin, trong phan nay, mét mé hinh mach tuong duong ctia
pin Lithium-ion dugc xdy dung. Sau d6, st dung thuat
toan binh phuong nhé nhat dé quy (Recursive Least
Squares-RLS) dé xac dinh tham sé ctia mé hinh. Tuy nhién,
trong qua trinh nhan dang tham s6 di liéu dau vao tiang
dan theo méi chu ky nén phuong phap RLS dugc két hgp
vGi mot bién hé sé quén (Varying Forgetting Factor-VFF)
dé giam khai lugng di liéu tang dé chinh xac cla thuat
toan, nd dugc goi la phuong phap binh phuong téi thiéu
dé quy co6 hé sé quén thay déi (Varying Forgetting Factor
Recursive Least Squares - VFFRLS) [15].

2.1. M6 hinh mach tuong duong ctia pin

Mé hinh mach tuong duong dién hinh cta pin
Lithium-ion dugc trinh bay trén hinh 1. Nguén ap Ugcy
dai dién cho dién ap cua pin tai diém can bang hay dién
ap hé mach cda pin, ndi tré clia pin Ry, mach R; — C, dai
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dién cho qua trinh qua dé dién ap trén hai cuc pin. Pau
vao clia mo hinh la dong dién i(t) xac/xa cla pin, dau ra
la dién &p trén hai cuc pin (Uy,) [16].

R
i(t) —AM— Ry
Ci WW—48
1l
Uocv(t) T Ul®
°

Hinh 1. Mach tuong duong cla pin [16]
S dung m6 hinh Thevenin dé phan tich mach trong
mién lién tuc:
I(s) Us(s)
SUl(S)Zc—l—E (1
Up(s) = Upcy(s) — Uy (s) — Rol(s)
Hiéu dién ap hai cuc dau ra va dién ap hé mach nhu
sau:

Us(8) = Uocy(s) = =1(s) (Ro +

DatE;, = Uy, — Ugey, ham truyén co thé dugc viét nhu
sau:

) @)

1+R;Cys

Ry + Ry +RoR{(ys
T 14R,Cs
Chuyén d6i ham truyén sang mién gian doan bang
1-
\ 1+
trén mién gidn doan dugc trinh bay trong (4).
RoT+R; T+2RoR;C;
T+2R,C,
RoT+R; T-2RoR;C; _ _q
e, @
T—2R,C
1+ TRiCiZ_l
_T=2RiCy . _ RoT+RiT+2RoR,Cy,
T+2R,C," 2 T+2R,C; !
RoT+ Ry T — 2RyR,C4
Bl T + 2R, C,
Phuang trinh (3) va (4) dugc viét lai trong (5) sau khi
gidn doan héa,véik =1,2,3 ..
EL(k) = a;Ep(k— 1) + a,I(k) + a3l(k — 1) (5)
Gia tri dién ap hd mach OCV bi tac dong dang ké bai
SOC khi lam viéc trong diéu kién nhiét d6 (Tem) va d6 lao
héa cla pin (H), méi quan hé dé dugc mé ta trong
phuang trinh (6).
dUgcy  9Ugcy dSOC  dUgey 0Tem
dt  9SOC ot ' aTem ot
dUgcy OH
“OH ot

3)

-1
phuaong phap Tustin. Thay s = % 2_1 vao (3), ham truyén

G(z ™) =-

‘Dét: a; =

dz =
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Vi thai gian trich mau nhé han nhiéu so vai thai gian
xa hét hoac sac day pin nén trong mét chu ki trich mau co
thé coi gia tri dung lugng con lai (SOC) khéng déi hay
dS0C/0t ~ 0. TAc do thay ddinhiét do hau nhula khéng
déi trong khodng thoi gian trich mau nhé nén
dTem/dt =~ 0. Trong moét thoi gian ngan thi d6 lao hda
cta pin khéng dang ké, coi dH/dt ~ 0 Tu d6, phuang
trinh (6) dugc viét lai nhu sau:

dUocv _ Uocy(K) —Ugev(k—1)
dt T -

Hay:

Uocv(k) = Ugey(k—1) (8)

TU phuang trinh (5) va (8), dién ap trén hai cuc cla
pin dugc xac dinh nhu trong (9).

Up(k) = (1 —a)Ugcy(k) +a,;Up(k— 1)
+a,I(k) + azl(k— 1) = ¢pk)o(k)

Trong do6:

k) = [1,Up(k — 1), 1(k), I(k — 1)]

va (k) = [(1 —a)Uocv(k),a3,a5,a3]".

2.2. Phuong phap truc tuyén xac dinh tham sé mé
hinh pin VFFRLS

Sau khi thiét lap dugc mo hinh pin nhu trén muc 2.1,
cac tham s6 mé hinh dugc xac dinh bang thuat toan binh
phuong dé quy nho nhat (RLS) két hop véi hé sé quén
(VFF) dé tang do chinh xac, phuang phap nay con duoc
goi la phuong phép binh phuang téi thiéu dé quy c6 hé
s6 quén thay déi VFFRLS [15]. Phuong phéap xac dinh
tham s6 mo hinh dugc thuc hién nhu dudi day.

Gia tri dau ra udc tinh cia mé hinh:

Yk = ¢n(K)6, (k) +e(k) (10)

Sai léch gitta gia tri dau ra cia mé hinh va dau ra thuc

0 (7)

9)

te:
e(k) = Up (k) — ()8 (k — 1) (11)
Hé s6 khuéch dai K(k) cta VFF:
_ Pa(k = DR (K)
KOO == D + 6100, G- D 2
Cap nhat vector tham s6 ctia m6 hinh:
On (k) = 85 (k) + K(K)e(k) (13)

Cap nhan hiép phuong sai cla gid tri udc lugng va
thuc té:

Pa(k— 1) — KK pr(P,(k— 1)

P, (k) = G- D (14)
Cap nhat hé s6 quén A, (k) VFF:
2
A K) = 1— e () (15)

1+ KT(K)P, (OK®)
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Trong d6, (k) 1a udc luong ctia vector B(k), e(k) 1 sai
sO cla dién ap pin, K(k) 1a hé s6 khuéch dai VFF, P(k) la
ma tran hiép phuong sai; A la trong sé VFF.

Phuong trinh trang thdi
Ve = (K16, (k) +e(k)

6,0 = 8500 + K (K)elk)

i
i
i Khi tao gid tri —
U gulk= 1Bk - D 2,k = 1) Y Hg so Kalman
| N PR 1)
; 1 W LE - qwn 1080
i Ulc luong trang thai
! A= k1) 6k D, Cap nhat hiép phuong sai
N T Rk -1 - K (IR (k- 1)
' PR ="
| ] LGk-1)
(K S : Cap nhitsai s !
» Doi teong thue R
i ] = BB -6 @86 SRR
: T 0= rn R
i
| Cap nhit trang thai

R e _*_____:

Cép nhit tham b
mo hinh

Hinh 2. S d0 thudt toan xdc dinh tham s6 mé hinh pin

TU (11) va (15) thay rang, khi hé théng thay déi dot
ngot, gia tri dau ra moé hinh sé gia tang sai s6 so vdi gia tri
do, khi d6 A, (k) sé giam, ndi cach khac, trong sé clia cac
gia tri udc lugng ci sé giam, trong s6 clia chu ki do méi
(khi hé théng vira thay déi) sé tang va két qué cap nhat
tham s8 sé dap Uing nhanh vai thay d6i clia hé théng. Con
khi déng hoc ctia hé cham lai, hay hé da dat dén diém lam
viéc mdi, IUc nay sai léch udc lugng giam va A, (k)tdng
tiém can vai 1, khi nay thuat toan tré vé dang cta RLS
théng thudng, dam bdo su 6n dinh trong qua trinh udc
lugng.

Hinh 2 1a so d6 thuat toan xac dinh gia tri tham s6 cla
mé hinh. Cac gia tri ban dau 0, (k), P,, K dugc dat trudc
vGi mét gia tri hgp ly, sau d6 8,, (k) cé thé dugc diéu chinh
phu hop vai vector cla cac gia tri do luong @, (k) bang
vong lap cap nhat hé s6 quén A, (k) . Sau khi xac dinh
dugc tham s6 moé hinh pin Lithium-ion, viéc tiép theo la
udc lugng cac thong sé quan trong clia pin ma khong thé
do ludng truc tiép dugc - d6 chinh la SOC cta pin. Phan
tiép theo trinh bay phuong phép udc lugng gia tri SOC
clia pin.

3. SU DUNG MANG NEURAL UGNG LUGNG SOC

Dua vao lugng dit liéu do dac thuc té trong qua trinh
xa thuan trg cda pin lithium-ion, cau trdc mang Neural
dugc dé xuat nhu trén hinh 3. Vector dau vao mang la
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X = [0CV, Uy, I,Rg, Ry, C;]. Mang bao gbm mét I6p input
ban dau, nam I6p Hiden (ham Relu) dé tinh toan cac trong
s6 va mét I6p Output cudi cung (ham Sigmoid) dé duy
doan SOC. Gia tri SOC chinh xac dung dé tham chiéu
mang la gid tri dugc tinh theo phuong phap dém
Coulomb nhu trong (16).

SOC(K) = SOC(0) — — J'(nI(t) — Sg)dt (16)

Trong dé: SOC(0) la gia tri SOC ban dau, I(t) la cuong
dé dong dién tai thai diém t, T 1a chu ki trich mau do, C,,
la dung lugng danh dinh cta pin, n la hiéu suat va Sy la
toc dé tu xa.

‘ Input Layer | |H\dden Layer‘ ‘Hidden Layer‘

Hidden Layer| Hidden Layer| [hidden Layer| Output Layer
6 Node 256 Node 128 Node

64 Node 32 Node 16 Node 1 Nede

Hinh 3. Cau triic mang Neural dé xuat

t=t+1

v

ge = Vi f(wit+1))

v

me = fr.me—y + (1= 51).9¢

v

vy = Bove g + (1- Bo)gi

Sai

My . Dung
Hoitu
Pt e

Hinh 4. Thudt todn Adam

Thuat toan t6i uu Adam dugc lua cho st dung cho mé
hinh. Thuat toan Adam la su két hop cua hai phuong phéap
RMSprop va Momentum. N6 st dung gradient binh
phuaong dé diéu chinh t6c d6 hoc tap nhu RMSprop (bién
vi) va tan dung dudng trung binh déng clia gradient (bién
mo) tuong tu nhu Momentum dé thuat toan héi tu nhanh
hon. Luu dé thuat toan dugc trinh bay trén hinh 4. Trong
do6, cac tham s6: a la t6c d6 hoc; B 1a tham sé cho buéc

wt)=wlt—-1) -« Két thic
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dong lugng; B, la tham s6 cho budc RMSprop; f(w) =
Y, — Y laham 16i; w(0) la trong s6 ban dau; g, 1a dao ham
clia ham 16i; my, = 0 Ia momen th( nhat thai diém dau
tién; vo = 0 1a momen thu hai & thai diém dau tién; t la
budc cap nhat.

Hiéu suat ctia mé hinh dugc danh gia theo tiéu chi
RMSE (Root Mean Square Error) va MAE (Mean Absolute
Error), dugc dinh nghia trong cac phuang trinh (17) va
(18).

RMSE = 100 = (17)

(18)

n
MAE =100+ Z=1%

Trong d6, e la d6 chénh léch gia tri thuc té va du doan
va n la s6 phan tu trong tap di liéu. RMSE cho biét muc
dé én dinh cia mé hinh, MAE cho biét d6 chinh xéac cla
uéc lugng. Vi trong s6 clia mang tot, SOC sé dugc udc
tinh online khi dua cac tham s6 vao mang Neural.

Phuong phap danh gia Kernel Shap dugc st dung dé
danh gia muic d6 quan trong cla cac thong sé dau vao
[17]. Cubi cung, dua vao tinh nang dau vao dang xét va
gia tri can du doan: mé hinh g dugc dé xuat nhu mét mo
hinh héi quy tuyén tinh cé trong s, gia tri Shapley chinh
la cac trong s6 trong mo hinh. Tinh toan mdc dé quan
trong clia cac tham s6 dau vao trén toan bo tap di liéu
bang cach tinh gia tri trung binh tuyét déi cta gia tri
Shapley nhu sau [18]:

M .

I. = Z:i=1|¢}| (19)

J M

Trong d6, M la s6 lugng mau; j 1a tham sé dang xét; i la
chi s6 clia phan tir trong tap dang xét; I; la gia tri mic do
quan trong; ¢; la gia tri Shapley (trung binh cé trong s6
clia cac tham sé trén toan bé mé hinh) [17].

Biéu thuc tinh gia tri Shapley cho mét théng s6 dau
vao dugc biéu dién nhu trong (20).

i = 7 2 senyyISI CINT = 1] = D! [fesugp—fs ] (20)

Trong d6, N la tap hgp tat ca cac tham s6; S la tap con
cla N; f(s) la gia tri du doan clia mé hinh khi st dung
tham sé dauvao laS.
4, KET QUA MO PHONG VA THUC NGHIEM

Viéc thuc nghiém dugc thuc hién nhu sau: Budc 1: Xac
dinh tham s6 mach tuong duong cla pin theo thai gian
thuc (nhan dang truc tuyén) bang thuat toan VFFRLS. Viéc
xac dinh théng sé nay dugc thuc hién bang cach chi can
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do dong dién va dién ap cl@a pin trong qua trinh hoat
dong. Budc 2: Tham s6 thu dugc ctia mo hinh pin tai moi
budc thai gian dugc dua vao méd hinh mang Neural dé
udc lugng gia tri SOC.

Té& bao pin Lithium Lishen 18650 dugc chon lam déi
tuong chinh dé thuc nghiém. Mot mé hinh thuc nghiém
dugc xay dung trong phong thi nghiém nhu trén hinh 5.

Hinh 5. M@ hinh thuc nghiém
4.1. Thu thap tham sé mach trong qua trinh xa véi
dién tré khong déi

Dé thu thap tham sé ciia mach, thuc hién qua trinh xa
vGi dién trd khong déi, diéu kién lam viéc dugc thiét lap
nhutrén bang 1. Két qua do dong dién sac va dién ap gilia
hai dién cuc cta pin dugc thé hién trén hinh 6. Qua trinh
xa bat dau tai thai diém 100s, dién ap trén hai dién cuc
cla pin t6i da la 4V, két thic qua trinh xa tai thoi diém
5500s dién ap trén hai dién cuc cta pin la 1,5V.

Két qua do dong dién sac va dién ap gilra hai dién cuc
cla pin dugc dua vao thuat toan VFFRLS. Cac tham s6 mé
hinh pin dugc udc lugng theo thuat todn VFFRLS dugc
trinh bay trén hinh 7. Trong qua trinh xa nay, OCV cua pin
¢6 hinh dang la dién ap dau cudi va I16n hon gia tri dién ap
dau cuéi (Uy,). Mét khac, néi trd cda pin (R) khoang 80mQ
khi SOC bang 100%, néi tr& giam tuyén tinh xuéng bang
65mQ khi gia tri SOC gidm xu6ng con 10%. Trong 10% SOC
cudi cung, ndi tré lai tang nhanh 1én bang 80mQ. Xu hudng
nay tang gidm nay cling phu hgp véi thong tin biéu dit liéu
cla pin. Tuong ty nhu vay, cac tham sé nhu R, C; dugc
udc lugng va cé két qua nhu trén hinh 9.

Bang 1. Thong 56 qua trinh xa pin

Théng sd Gia tri
Téng thoi gian xa 55005
Tréxa 20
Dién dp ban dau (SOC = 100%) 4,18V
Dién ap két thiic chu trinh 3,0V
Thai gian két ndi véi tai 100s
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Hinh 6. Cau hinh tai trong qué trinh xa
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Hinh 7. Gid tri tham s6 udc luong dugc
4.2. Két qua uéc lugng SOC

Tu dirliéu cac tham sé ctia mach da dugc thu thap duoc
& trén dugc dua vao mang Neural dé uéc lugng SOC. Lay
ngau nhién 90% dé huan luyén (trong d6, 80% huan luyén,
20% xac thuc dé tranh overfitting) va 10% dung dé kiém
tra. VGi kich thudc Batch_Size la 256, m6 hinh mang dé
xuat huédn luyén 10 lan lay két qua tot nhat. Két qua du
doan SOC v6i day du cac tinh nang dau vao
([0CV, Uy, I, Rg, Ry, C;]) dugc biéu dién trén hinh 8. Hinh
8a la d6 thi biéu dién SOC du doén va chinh xac, hinh 8b 1a
ty 1& % sai léch ciia SOC. Két qua, RMSE bang 0,29% va MAE
bang 0,23%. Nhu vay, két qua du doan SOC c6 dé chinh xac
cao khi két hgp thuat toan VEERLS va mang Neural.
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Hinh 8. Két qua du dodn SOC véi déu vao [OCV, Uy, I, Ro, Ry, G ]
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Hinh 9. Bi€u d6 muic do quan trong cla cc tham s6 dau vao

Dé xem xét cac dau vao nao anh huéng tdi gia tri du
doan cia mang nhu thé nao, st dung phuong phap
Kernel SHAP [17] vao mang Neural, két qua thu dugc nhu
trong d6 thi hinh 9. Két qua cho thay, R, anh hudng nhiéu
nhat, R, anh hudng it nhat téi mo6 hinh du doan. Tu két
qua nay, cac trudng hop khac khau dugc chia ra dé kiém
chiing va danh gia tinh dung dan cda thuat toan.
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Hinh 10. D6 thi du doan SOC véi cac dau vao khac nhau

Tu két qua danh gia mdc dé quan trong clia cac tham
sO t6i d6 chinh xac cha két qua du doan clia mang trén,
tién hanh danh gia tinh dung dan cia thuat toan du doén
SOC trong céc trudng hop khac nhau nhu duéi day:

-Trudng hop 1: Loai bo théng sé it quan trong nhat R,
- sir dung cac tham s6 dau vao [OCV,Uy, I, Ry, C,] dé du
doan SOC. Két qua kiém ching nhu trén hinh 104, sai s8
RMSE bing 0,31%, MAE bing 0,25%. Nhu vay, khi bd tinh
nang it quan trong nhat R, thi két qua du doan khong sai
khac nhiéu so véi két qua ctia mo hinh.

- Trudng hgp 2: Loai bd thong sé quan trong nhat R, -
st dung cac tham s6 dau vao [OCV, Uy, 1, Ry, C;] d€ du
doan SOC. K&t qua kiém chiing nhu trén hinh 10b, RMSE
bang 0,38%, MAE la 0,32%. Nhu vay, khi loai bo tinh nang
quan trong nhat Ry, két qua du doan sai khac kha nhiéu
so vd&i két qua mé hinh.

- Trudng hgp 3: SU dung cac tham s6 dau vao
[Up, I, Ry] @€ du doan SOC, loai bé ba tinh nang it quan
trong nhat (OCV, Ry, C;). K&t qua kiém ching thé hién
trén hinh 10c, RMSE bdng 0,46% va MAE bdng 0,38%.
Nhu vdy, khi bd ba tinh ndang it quan trong nhat
(OCV, Ry, C;) két qua dy doan van tuong doi chinh xac.

- Trudng hop 4: Chi st dung cac tham s6 do dugc ban
dau [Uy, 1] dé du doan SOC. Két qua kiém ching nhu trén
hinh 10d, RMSE bang 0,8%, MAE bang 0,65%. Nhu vay,
khi chi s& dung nhiing tinh nang do dugc ban dau, d6
chinh xac du doan ctia mé hinh gidm dang ké.

K&t qua gia tri RMSE va MAE dugc téng hgp trong
bang 2. TU bang 2 c6 thé thdy rd hiéu qua va tinh dung
dan clia thuat toan danh gia mudc d6 quan trong clia cac
tinh nang dau vao. Trong trudng hop day da cac tinh
nang dau vao ([OCV,Uy,I,Ry, Ry, C;]) m6 hinh du doan
chinh xac nhat. Khi bé di dau vao it quan trong nhat R,
(dau vao [0CV, Uy, I, Ry, C4]) thi két qua dy doan ctia mo
hinh khéng sai khac nhiéu. Khi bé di dau vao quan trong
nhat R; dau vao [OCV, Uy, I, R, C1]) thi két qua du doén
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ctia mo hinh bi sai khac kha nhiéu. Néu chi sit dung cac
tham s6 do dugc ban dau [Uy, I] thi mé hinh du doén rat
kém. Trong trudng hgp can mé hinh du doan véi d6 chinh
xac & muc via phai c6 thé st dung tinh nang dau vao
[Uy, I, R;] d€ gidm thi€u thai gian va khéi luong tinh toan
cho mé hinh.

Béng 2. Sai 50 dién ap dau cudi

Truong | [OCV, Uy, I, | [OCV, Uy, | [OCV,U, | [Us|,Ri]| [Upl]
hop Ro, Ry, Gi] 1, Ry, Gi] 1, Ro,Ci]
RMSE 0,29% 0,31% 0,38% 046% | 0,8%
MAE 0,23% 0,25% 0,32% 0,38% | 0,65%
5.KET LUAN

Bai bdo dé xuat phuong phédp két hgp thuat toan
VFFRLS va mang Neural dé uéc lugng SOC. Két qua cho
thay ti nhimng théng sé c6 thé do dugc la dién ap va dong
dién pin ¢ thé mé ta dac tinh déng hoc ctia pin, danh gia,
st dung ching lam nhiing dau vao mang Neural. Két qua
dugc danh gia theo sai s6 RMSE (0,29%) va MAE (0,23%)
cho thdy tinh hiéu qua clia phuang phap. So véi cac
phuong phap dung mang Neural khac thi khéi lugng tinh
toan va thai gian thuc hién clla phuong phap nay duoc
giam di dang ké ma két qua van chinh xac.
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