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Abstract

The state of health (SOH) of a battery is a crucial indicator reflecting its current condition, and forecasting SOH is
essential in battery management systems to ensure efficient and safe operation. Data-driven forecasting methods
have demonstrated higher effectiveness compared to model-based approaches. This paper employs a nonlinear
autoregressive model with exogenous inputs (NARX) to predict battery SOH for both single-step and multi-
step forecasting. Features extracted during the charging process from the NASA battery dataset are used as
inputs for the model. The results indicate that the NARX model improves error values for single-step forecasting.
Additionally, the error values in multi-step forecasting also demonstrate high accuracy.

Keywords: Lithium battery; NARX; battery state of health prediction; deep learning.

Toém tat

Tinh trang strc khde ctia pin (SOH) la mét chi s6 quan trong thé hién trang thai hién tai cGia pin va viéc dw bao
duwgc SOH cla pin la diéu can thiét trong cac hé thdng quan Iy pin d& ddm bao pin hoat ddng hiéu qua va an
toan. Cac phwong phap du bao dya trén div liéu ctia pin dang cho thay sw hiéu qua so véi cac phwong phap
dwa trén mé hinh. Bai bao st dung mé hinh tw héi quy phi tuyén tinh c6 dau vao ngoai sinh (NARX) dé dw bao
SOH cuia pin trwdc mdt chu ky va nhiéu chu ky. Cac déc trung dworc trich xuét trong qua trinh sac cla pin ti bo
di liéu ctiia NASA dwoc ding lam dau vao ciia mé hinh. Két qué thu dwoc cho thdy mé hinh NARX c6 thé cai
thién cac gia tri sai sb dbi v&i viéc dy bao trwdc mét chu ky. Céc gia tri sai sb trong viéc dw bao trwédc nhiéu chu
ky ciing cho thay d6 chinh xac cao.

Tir khéa: Pin Lithium; mé hinh NARX; dw bao tinh trang strc khde pin; hoc sau.

1. DAT VAN PE Hiéu suat va do an toan cla pin lithium dwa trén vat
liéu cAu thanh dién cuwc, dung dich dién phan va ciu
trac thiét ké cta pin. Cac hé théng pin lithium phé bién

bao gdm lithium-ion (Li-ion) va lithium-polymer (Li-po).

Pin lithium d& dwoc thwong mai hoa 1an dau béi Sony
vao nam 1991 va nhanh chéng tré thanh tiéu chuan
trong nganh céng nghé lwu trir nang lvong. Ngay nay,

pin Lithium dang déng mét vai trdo quan trong va la
m6t phan khong thé thiéu trong sw phat trién ctia cong
nghé hién dai. V&i dac diém ndi bat nhw mat do nang
lwong cao, tudi tho pin dai va kha nang sac lai, pin
Lithium dwoc st dung rong rai trong cac thiét bi dién
tlr, phwong tién giao théng va cac hé théng lwu tri
nang lwvong.

Pin Lithium hoat déng dwa trén co ché chuyén déi ion
lithium gitba cac dién cwc trong qua trinh sac va xa.

Nguw¢&i phan bién: 1. GS.TSKH. Than Ngoc Hoan
2. TS. Pb Van Binh

Tuy nhién, mot van dé dbi véi cac loai pin lithium 13 sw
lao héa. Sv 1ao hda cla pin la nguyén nhan chinh gay
ra nhirng thay déi vé strc khde va tudi tho cta pin. Khi
s6 chu ky sac xa cuia pin lithium téang 1én sé dan dén sy
gidm thanh phan ion hoat déng cuia pin, sy phat trién
cla I&p mang dién phan ran va sy két tGa cha cac chat
khong hoa tan trong chét dién phan tr dé lam gidm
dung lwong va hiéu suét cda pin [1].

Trang thai strc khée cua pin (SOH) duwogc gidi thiéu
nhw mot danh gia thoi gian thuwe vé mirc do 130 hoa
cla pin so v&i pin moi. N6 dwoc dinh nghia la ty 1é
gitra cac théng sb hiéu suat hién tai voi cac théng sb
hiéu suét dinh m&c. Bang cach phan tich trang thai
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strc khde cla pin, tinh trang cta pin lithium cé thé
dwoc xac dinh, tir d6 co thé quan ly pin mét cach hiéu
qud, dam bao hoat dong cla pin va gidm cac nguy
hiém tiém &n khi pin bj 130 héa.

Hai phwong phap du bdo SOH cla pin phd bién trong
cac nghién ctru hién nay la phwong phap dwa trén mo
hinh va phuwong phap dwa trén di liéu.

Phuwong phap dwa trén md hinh dwa trén phan tich
phan &ng bén trong co' ché cha pin va thiét 1ap moét mo
hinh toan hoc dé& mé phdng hoat ddng cla pin tir d6 dw
bao SOH cua pin. Tuy nhién, do sw phtrc tap cla céac
phan &ng dién hoéa trong pin, rat kho dé cé thé thiét 1ap
mdt mé hinh vat ly chinh xac. Ngay nay, véi sy phat
trién clia cdng nghé va céac thiét bi do, viéc thu thap
céac thong tin vé cac déc diém cua pin trong qua trinh
hoat ddng nhw dong dién, nhiét do, dién ap tré nén dé
dang. Twr d6 cac phwong phap dwa trén dir liéu dang
ngay cang phat trién va dat dwoc hiéu suét cao.

Trong nhiPng ndm gan day, cac phwong phap dua trén
dir liéu (DDA - data driven approaches) da ndi lén nhw
mot xu hwéng trién vong trong dw bao SOH. Khéng
giébng nhw cac phwong phap truyén théng dwa vao
md hinh vat ly hoac héa hoc, cac phwong phap dwa
trén dir liéu khong phu thudc vao su hiéu biét phirc
tap vé& cac quy trinh vat ly trong pin; thay vao dé lam
sang té cac mé hinh va méi twong quan trong qua trinh
suy gidm hiéu suat pin bang cach phan tich dir liéu
duwgc dé xuét nhiéu voi dir liéu do dwoc thu thap tw
céac hé thdng quan ly pin (BMS - Battery Management
System) hodc tir cac cdm bién do cac chu ky sac/xa
trong thuc té.

Trong bai bao [2], tac gid Xu Li da gi¢i thiéu mot
phwong phap khac dé& dw bao SOH cla pin phdi hop
ba md hinh CEEMDAN, SG va LSTM ciing cho b6 dir
liéu cha NASA. Dau tién, cac chi bao strc khde (HI -
Health Index) dworc trich xuét bang cach phan tich cac
dwong cong dién ap va dong dién, va cac HIl cé twong
quan cao hon véi SOH dwoc chon bang cach st dung
hé sé twong quan Pearson. Nhiéu trong di liéu SOH
thwe té cla pin cé thé anh huéng dén két qua clia mo
hinh nén nghién ctu da dé xuat mé hinh gidm nhiéu
CEEDMAN va bo loc SavitzkyGolay (SG) dé lam muwot
di¥ liéu SOH cua pin. Sau dé st* dung mé hinh LSTM
va cac dac trung dé dw bao SOH cua pin.

M&t mé hinh dwa trén cac cdng cu MFE-GRU-TCA
duoc dé xuat bdi Wang trong [3] dé cai thién do chinh
xac cla dy doan SOH va RUL cla pin lithium-ion.
Médun MFE dwoc str dung dé trich xuét cac tinh ndng
d¥ liéu tr nhiéu chu ky sac/xa cla pin lithium-ion. Sau
d6, médun GRU dwoc s dung d& ndm bét cac phu
thudc dai han trong di liéu tuan tw. Médun TCA duoc
st dung dé thé hién tét hon xu huéng suy gidm cuia
chudi dung lvong va gidm thiéu anh hwéng cta hién

twong tai tao dung lvgng. Hon nira, médun TCA tan
dung sw chu y tich chap theo th&i gian dé tap trung vao
céc trang thai thdi gian ¢6 lién quan va dwa ra cac dy
doan chinh xac hon.

Cong trinh [4] clia Chenye Zou phat trién mang cha y
chu ky sadu Deep Cycle Attention Network (DCAN) v&i
co ché chu y dé dw bdo SOH clia pin trong chu ky tiép
theo v&i di¥ liéu tr N chu ky trong quéa khir. Pau vao
ctia mo hinh la cac di¥ liéu vé dién ap trong qua trinh
sac xa va dung lwgng pin cta cac chu ky trong qua
kher. Sau d6 la 1 |&p embedding layer dé chuyén déi
dir liéu trong N chu ky qua khir thanh biéu dién day
d&c c6 chiéu thap. Sau d6 qua attention layer va output
layer dé dwa ra gia tri dw doan.

Trong [5], mot mé hinh dw doan lai bang cach két
hop don vi hdi quy c6 céng song hwéng (BiGRU -
Bidirectional Gated Recurrent Unit) va Transformer v&i
co ché cha y nhiéu dau (MHA - Multi - Head Attention)
da dwoc st dung d& dy doan SOH cla pin. Cac chi
sb strc khde gian tiép HI dwoc lay tir div liéu vé dién
ap va nhiét do cta pin trong chu ky sac xa dugc duwa
vao BiGRU. Viéc két hop clu tric cta BiGRU va
Transformer, c6 kha ndng cai thién tét hon hiéu suét
dw doan SOH cua pin lithium-ion bang cach tim hiéu
cac méi phu thudc dai han.

Trong [6] m6 hinh Gaussian process regression (GPR)
dwa trén viéc hoc chuyén giao d& dy doan SOH cua
pin lithium-ion da duwoc gidi thieu dé dy doan SOH
trwéc mot bwdc va nhiéu budc thdi gian. Mot ham
trung binh khac khéng va mét ham hiép phwong sai
hén hop dwoc dé xuét, cé thé tim hiéu cac méi phu
thudc ngén han va dai han cla sw suy gidm pin, dé
theo déi sw bién dong do qua trinh tai tao dung lwong
gay ra.

M6t mé hinh BiGRU két hop véi bd loc Robust Locally
Weighted Scatterplot Smoothing (RLOESS) da dugc
thlr nghiém va gidi thiéu trong [7]. Cac théng tin nhw
duwdng cong sac dong khéng déi (CC - Constant
current curve), dwong cong voltam nhiét vi sai (DTV
- Differential Thermal Voltammetry) va duwdng cong
dung lwgng nhiét vi sai (DTC - Differential Thermal
Capacity), két hop thong tin ghép néi gitta DTV va
phéan tich dung lwong gia tang (/ICA - Incremental
Capacity Analysis), dwgc phan tich va dwgc lam min
v&i bd loc RLOESS dé lam dau vao cla mé hinh dy
doan. Hon ntra, dé nang cao hiéu qua va do chinh
xac clia mo hinh dy doan, thuat toan téi wu héa dwa
trén co ché canh tranh ba phan (TCMPSO - Tripartite
Competition Mechanism) dwoc s& dung dé téi wu hoéa
thém siéu tham sé ctia BiGRU [7].

Tuy nhién, véi thuc té la cac bo sb liéu mau cé sb
lwong kha han ché nén cac mé hinh phic tap, voi
nhiéu théng sé sé cé xu huéng hoc qué khép, cac mo
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hinh don gidn sé cé chat lwong dw bao tét hon cac
mo hinh phirc tap. Trong bai bao nay, dé dw bao SOH
cua pin lithium, cac tac gia sé dé xuat mot mé hinh dw
bao chubi thdi gian dwa trén mé hinh ngoai sinh ty hoi
quy phi tuyén tinh (NARX - Nonlinear AutoRegressive
model with eXogenous inputs). M hinh thyc hién dw
bao SOH cua pin trwéc 1 chu ky va nhiéu chu ky. Div
lieu dwoe str dung trong bai bao dwoc thu thap tir bd
dir liéu vé chu ky sac xa cua pin lithium cia NASA [8].

2. BO SO LIEU MAU VA CAC MO HiNH

2.1. B6 s6 liéu mau

Trong bai bao nay, bd dir lieu huan luyén dwoc lay
ttr bd di¥ liéu tr moét co s& thtr nghiém dw bao pin
duwoc xay dwng riéng tai Trung tdm Dy bao Xuét séc
Ames cla NASA (PCoE) [8]. D& liéu lao hoa pin dwgc
thu thap st dung pin sac Li-ion 18650 c6 san trén thj
trwdng. Pin dwoc sac day sau dé xa dén muc dién ap
an toan (2.7 V) hoac dwéi mirc an toan. Lap di ap lai
qué trinh sac x& cla pin lithium khién cho pin bj ldo
hoéa va mét dan dung lwong kha dung theo thoi gian.
C4c thi nghiém da dirng lai khi pin dat dén tiéu chi cubi
vong doi (EOL - End Of Life) la gidm 30% dung lvgng
ban dau.

B6 dir liéu dwoc st dung bao gébm 4 pin BO005, B0006,
B0007 va B0018. Cac thlr nghiém dwoc thwe hién &
nhiét d6 thuwong (24°C). Sac dwoc thuc hién & ché do
dong dién khong dbi (CC) & mrc 1,5 A cho dén khi
dién ap pin dat 4,2 V va sau do tiép tuc & ché do dién
ap khong ddi (CV) cho dén khi dong dién sac giam
xudng con 20 mA. Xa dwoc thyc hién & méc dong
dién khong ddi (CC) la 2 A cho dén khi dién ap pin giam
xubng lan lwotla 2.7V, 2.5V, 2.2V va 2.5V cho pin 5,
6, 7 va 18. Sb chu ky sac xa& ctia méi pin 1a 168 chu ky
déi vé&i pin 5, 6, 7 va 132 chu ky déi véi pin 18.

Bang 1. M6t sé théng tin vé co s& di¥ liéu mau cho tudi
tho pin sac cua NASA

Pin Dung lwong Sac Xa | Dién ap cat
B0005 2 Ah CC-Cv | CC 2.7V
B0006 2 Ah CC-Cv | CC 25V
B00OO7 2 Ah CC-CVv | CC 23V
B0018 2 Ah CC-Cv | CC 25V

Cac gia tri dwoc do theo thdi gian trong mdi qua trinh
sac xa cla pin: Dién ap 2 dau pin, dong dién, nhiét do
pin va dung lwong xa cla pin cho dén murc dién &p 2.7
V. SOH duoc tinh toan dwa trén dung lwgng cua pin tai
chu ky hién tai so v&i dung lwgng dinh mde cda pin.

Hinh 1 thé hién tinh trang SOH cua pin sau cac chu ky
ctia bo dir liéu. C6 thé thay khi sé lwong chu ky sac xa

tang lén, SOH cla pin gidm dan. Tuy cé mdt vai bién
dong do sw phuc hoi dung lwgng va nhiéu trong qua
trinh do dac nhwng xu hwéng chung la gidm dan theo
thoi gian.

1.0 4
0.9 1
§ 0.8
0.7 4
0.6 1
E) 2’5 5'0 ?‘5 160 12'5 15rD
Cycle
Hinh 1. SOH cda cac pin BO005, BO0O0S6,
B0007 va B0018

2.2. Trich xuat cac dic trwng

D@ liéu bao gdbm céc dac trwng vé dién ap, nhiét do
va dong dién cua pin theo th&i gian clia qua trinh sac
xa. Tuy nhién, qua trinh xa thwdng cé nhiéu bién dong
va khéng on dinh do phu thuéc vao tai. Ngwoc lai, qua
trinh sac dwoc sac bang phwong phap CC-CV 6n dinh
va déng déu hon. Do dé, cac dic trwng cla pin trong
qua trinh sac sé& dwoc siv dung dé lam dau vao cua
mo hinh.

woltage_measured
w
o

— Cycle 1

—— Cycle 30
— Cyrle 70
a0 — Cyclean
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Hinh 2. Dién ap pin BO005 trong qua trinh sac

Hinh 2 thé hién sw thay dbi cGa dién &p pin 5 theo thoi
gian cua tirng chu ky. Ta cd, thé thay thdi gian dién ap
dat 4.2 V gidm dan theo tirng chu ky. Nguyén nhan la
do sw gia tang cda dién tré ndi cla pin theo khi sb chu
ky tang 1&n, 1am cho dién ap pin dat dén 4.2 V nhanh
hon, dan dén dung lwong thuc té dwoc nap vao pin
gidm dan theo tirng chu ky. Do d6 théi gian pin dat dén
murc dién ap 4.2 V la mét dac trwng dwoc lwa chon ky
hiéu la F1.
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Hinh 3. Nhiét dé pin BO005 trong qua trinh sac

Hinh 3 thé hién sw thay ddi cia nhiét dé pin 5 theo thoi
gian cla ting chu ky. Thoi gian dé pin dat dén nhiét
dd cao nhat gidm dan theo tirng chu ky. Do dé, thoi
gian pin dat dién ap I&n nhat trong qua trinh sac 1a déc
trwng tiép theo dworc Iwa chon ky hiéu la F2.

Ngoai ra, duwdng cong coéng suét gia tang (IC curve)
cling dwoc trich xuat tlr qua trinh sac. Hinh 4 cho thay
gia tri dinh cGa duwong cong IC gidm dan khi sé chu
ky tang lén. Gia tri dinh clia dwdng cong IC dwoc lwa
chon la dac treng F3.

— Cylel
— Cyule 30
— Cyclerd
— Cycle 50

35 36 37 38 EX) 40 41 4
wallage

Hinh 4. Bwong cong IC cta pin BO05

Sau khi cac dac trwng duoc lwa chon, thwe hién chuan
héa cho tirng d&c trwng dé dua tat ca vé cing mot dai
gia tri (0,1).

Hé s twong quan Spearman [9] dwoc tinh toan dé
danh gia s twong quan cla cac dic trwng déi véi gia
tri SOH clia pin. Tlr Bang 2 ta c6 thé thdy cac déc trung
c6 sy twong quan cao déi véi gia tri SOH cuda pin.

Bang 2. Gia tri Spearman cia céc déc trung déi véi gia
tri SOH trén tap dir liéu

Pin F1 F2 F3
B0005 0.99913 0.99867 0.99436
B0006 0.99975 0.99741 0.98293
B0O007 0.99925 0.99877 0.9903
B0018 0.99559 0.99748 0.95209

2.3. M6 hinh NARX

Trong mé hinh dw bao chudi thdi gian, md hinh NARX
l& mé hinh tw hdi quy phi tuyén tinh cé dau vao ngoai
sinh. Diéu nay c6 nghia la mé hinh lién hé gia tri dw
bao cutia chudi thdi gian vai ca gia tri qua khir ctia ciing
mot chudi va gia tri qua khir ciia cac dau vao bén ngoai
¢6 anh hwéng dén chudi quan tam.

Phwong trinh ciia md hinh NARX:

~ _ y(t_l)a"'ay(t_m)a
y(t)_f[u(t—l)....,u(t—n) ]

Trong do:

() la gia tri dy bao cdia mé hinh;

y(t=1), y(t=2), ..., y(t — m) |a cac gia tri dau ra trong
qua khw;

u(t—1), u(t=2),..., u(t— n) la cac gia tri ddu vao ngoai
sinh trong qua kh. Cac gia tri ciia 10 chu ky sac xa
trong quéa kh& duoc st dung lam dau vao dé duw bao
SOH cua chu ky tiép theo.

Mé hinh NARX c6 thé duwoc trién khai theo hai ciu
hinh riéng biét: C4u tric vong hé va cu tric vong kin.
Trong cAu tric vong hé, cac dy doan dwa trén dau ra
trang thai thwe va dau vao bén ngoai. Ngwoc lai, trong
céu tric vong kin, dau ra dw doan ciia mé hinh NARX
duwoc phan héi lam dau vao cho chu ky dy doan tiép
theo. Bai bao lwa chon c4u tric vong hé dé tranh viéc
codng don sai sb sau méi l1an dw bao 1.

Hidden Qutput
layer layer

Input
layer

u (t—1)

(2 — 10)
up(t— 1)
1wyt — 10)
us(t— 1)

us(t — 10)
ye—1) ——t

y(t—10)

Hinh 5. M6 hinh NARX dw bao SOH cta pin

He

M6 hinh NARX duwoc trién khai dwa trén mot mang
neural co ban gém 3 layer:

- L&p dau vao (Input layer) 1a gia tri cla cac dac trung
dwoc trich xuét tr 10 chu ky trwédc do. Trong d6 U, la
d&c trung thoi gian pin dat dén mirc dién ap 4.2V (F1),
U, la d&c trng thoi gian pin dat dén nhiét dé cao nhét
(F2), U, la dac treng vé gia tri dinh ctia dwdng cong IC
(F3) va Y la gia tri SOH thwc té clia cac chu ky trong
qua khtr.
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- Lép &n (Hidden layer): Mét I6p an gdm 32 nodes dé
trich xuat quan hé phi tuyén ctia cac dau vao.

- Lép dau ra (Output layer): Dau ra cia mé hinh, dwa
ra gia tri dw bdo SOH cua pin tai chu ky tiép theo.

3. KET QUA TiNH TOAN

Ta thwe hién hudn mo hinh NARX trén di liéu ctia mai
pin 80% di¥ liéu ca médi pin dwoc dung dé train, 20%
con lai dwoc dung dé kiém tra méd hinh sau khi huan
luyén. M6 hinh s dung loss function la Mean Square
Error, optimizers la Adam v&i learning rate la 0,001.

N

MSE = %Z(y(t) ~50))

t=1

2
(2)
Trong do:

N 1a sé lwong mau huén luyén;

() 1a gia tri thwc cia SOH cla pin tai thdi diém ¢;

P(¢) 1a gia tri SOH dw bao cua pin tai thoi diém t.

Dé danh gia két qua ciia md hinh trén tap test, ta s
dung 3 chi sb: MAE la gia tri trung binh trén mau tho
nghiém vé su khac biét tuyét ddi gitra dw doan va quan
sat thye té, MAPE thé hién s sai léch trung binh theo
ty 1& phan tram gitra gia tri dw bao va gia tri thwc té va
RMSE Ia sai sb binh phwong trung binh géc.

I .
MAE =23 [y(0) = 5()| (3)
t=1
1|20 -5()
MAPE = — ) |———=(-100% 4
N tg‘ y(t) @
1 ¥ NV
RMSE=JFZ(y(t)—y(r)) (5)
t=1

3.1. Dw bao trwéc 1 chu ky

Mb hinh thuc hién dy bao SOH tai chu ky tiép theo dwa
trén div liéu cha 10 chu ky trwdc dé. Két qua du bao
trén pin BO005 duoc thé hién trong Hinh 6. Cac két qua
vé cac chi sé MAE, MAPE, RMSE ctia mé hinh trén cac
pin dwoc thé hién trong bang 3 va so sanh véi két qua
cta m6 hinh CEEMDAN-SG-LSTM [2] (model II).

Battery BO00S

— Actual
0.90 - — predicted

SOH value

0 25 50 75 100 125 150
Cycle

Hinh 6. Két qué dw bao trén pin BO005

T két qua dw doan trén tap dir liéu ciia NASA dwoc
thé hién trong Hinh 6 va Bang 3, md hinh da c6 thé dw
b&o SOH cla chu ky tiép theo cla pin v&i sai s6 nhd.
Bang 3. Gia tri MAE,MAPE,RMSE trén tap di liéu
NASA (%)

Model Pin MAE MAPE RMSE
NARX B0O005 0.49 0.73 0.64
I 1.06 1.29 1.29
NARX B0006 0.84 1.32 1.14
Il 1.08 1.28 1.25
NARX B0007 0.61 0.84 0.73
Il 0.85 1.04 0.94
NARX B0018 0.82 1.18 1.14
Il 1.06 1.27 1.27

Két qua dw bao tét nhat dat dwoc trén pin BO005 v&i
cac gia tri MAE, MAPE, RMSE lan lwot1a 0.49%, 0.73%
va 0.64%. Dbi véi cac pin BO0O06 va B0018, SOH clia 2
pin nay cé nhiéu su phuc héi hon lam cho viéc dy bao
SOH cuia pin ¢6 sai s 1&n hon. So sanh cac két qua
dat dwoc véi mé hinh CEEMDAN-SG-LSTM [2], cac
gia tri MAE, MAPE, RMSE déu da dwoc cai thién trén
toan bo tap div liéu ciia NASA.

3.2. Dy bao trwéc nhiéu chu ky

M6 hinh thwe hién dw bao SOH cla pin tai cac thoi
diém xa hon véi muc dich cé thé du bdo sém trang
thai ctia pin d& cé phwong an quan ly va thay thé phu
hop. M6 hinh st dung di liéu ctia 10 chu ky trong qua
kht (t-1,... t-10) va thwe hién dw bao SOH cua chu ky
t+5 va t+10.

Hinh 7 va Hinh 8 thé hién két qua dw bao trwéc 5 chu
ky va 10 chu ky trén pin B0005. Sai s6 dw bao cla
mdi pin trong tap di¥ liéu dwoc thé hién & Bang 4 va
Bang 5.

0711 — Actual

0.70 1 — Predicted

SOH value
s o o
o o o™
n @ b

=
o
e

o 10 20 30 40
Sample

Hinh 7. Két quéa dw bao truée 5 chu ky trén pin BO005
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Bang 4. Gia tri MAE,MAPE,RMSE khi dw bao trudéc

cac gia trj sai sb& MAE, MAPE, RMSE cla mé hinh da
dworc cai thién dbi vai dw bao trwdc 1 chu ky. Vé&i viéc
dw bao truwéc nhiéu chu ky, sai sé cia mé hinh c6 thé
tang lén tuy nhién van thu duoc cac két qua du bao tét
v&i sai s6 nho.

5 chu ky (%)
Pin MAE MAPE RMSE
B0O005 0.65 0.97 0.85
B0006 1.75 2.81 2.26
B0007 0.61 0.84 0.83
B0018 1.27 1.8 1.9

S0H value

— Actual

—— predicted

o 10 20 30 40
Sample

Hinh 8. Két quéa dw bao truéc 5 chu ky trén pin BO005
Bang 5. Gia tri MAE, MAPE, RMSE khi dw bao truéc

5 chu ky (%)

Pin MAE MAPE RMSE
B0005 0.72 1.09 0.97
B0006 1.3 2.14 1.8
B0007 0.54 0.74 0.73
B0018 1.24 1.76 1.66

T két qua trén, déi véi dw bao trwdc 5 chu ky, mo
hinh cé thé dat duoc sai sb thdp nhéat véi cac gia tri
MAE, MAPE, RMSE Ian lwvot 1a 0,61%, 0,84%, 0,83%.
DPéi v&i du bao truéc 10 chu ky thi cac gia tri sai sb
thap nhat dat dwoc 1a 0,54%, 0,74%, 0,73%.

4. KET LUAN

Bai bao da dé xuat mot md hinh dw bao SOH cula pin
lithium dwa trén mé hinh tw hdi quy phi tuyén tinh c6
dau vao ngoai sinh (NARX). Mé hinh dwoc xay dwng
bang mot mang neural nhan tao gém 3 16p bao gém
mot |&p dau vao, moét Iép an va mot 1&p output. M6
hinh thwe hién dw bao trwdc 1 chu ky va nhiéu chu ky.
D@ liéu sac xa cla cac pin trong bo di liéu cia NASA
dwoc dir dung dé trich xuét cac dac trung lién quan
dén thoi gian sac dat dén 4.2V, thoi gian pin dat nhiét
dd cao nhéat va gia tri dinh cia dworng cong cong suét
gia tang (dwong cong IC). Két qua thu dwoc cho thay
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