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TOM TAT

Céc giai phap luu trit ndng luong tién tién véi hiéu qua cao va kha nang quan ly van
hanh dang thic ddy su phat trién cua xe dién. Dac biét, bd pin dong vai tro la nguon
nang luong chinh cho ddng co, doi hoi phai quan ly hiéu qua cong suat, tudi tho pin
va nhiét d6. Hé thong quan ly pin 1a mét thanh phan thiét yéu, chiu trdch nhiém
giam sat dién ap, dong dién, can bfing sac, bao vé sac / x& va kiém soat nhiét do.
Nghién cttu nay so sanh vé cac thuat toan ctia bo loc Kalman va b loc Kalman mo
rong. Két qua cho thay b loc Kalman mé rong mang lai hiéu qua vuot trdi hon, co
d6 chinh xac cao hon, véi sai s6 dong dién dwdi 1,5% va duoc dp dung & mic khoang
1%. Sau 50 gio hoat ddng, dung luong pin giam tir 4,2 Ah xudng 3,2 Ah ~ 23,8% va
trang thai sttc khoe giam tir 100% xudng ~ 76%, tién gan dén gidi han ky thuat la
70%.

T khoa: Hé thong quan ly pin (BMS), Xe dién (EV), Lithium-ion (LIB), Trang thai
tudi tho (SOH), Bo loc Kalman (KF), B6 loc Kalman mé rong (EKF).

1. MO PAU

Hé thdng truyén dong dién dang dan thay thé dong co dot trong trong cac
phuong tién hién dai, nho nhitng tién bo trong cong nghé pin, thiét ké phan cing va toi
uu héa hé théng nhuw dugc nhan manh trong [1]. Qua nghién ctru [2], c6 thé thdy rang
céc thanh phan truyén thdng nhw binh nhién liéu va hop s§ dang duwoc thay thé bang
pin, bd diéu khién hiéu suat va dong co dién, don gian hoa kién trtic xe va nang cao hiéu
qua, hiéu qua chi phi va tac dong dén moi treong. Budc thay d6i quan trong trong [3],
duoc trinh bay ¢ trung tam cta su thay d6i nay la pin thi cap (cé thé sac lai), dac biét la
pin LIB c6 mat d§ nang lugng cao, tudi tho cao va trong luong thap. Tuy nhién, LIB can
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duoc gidm sat lién tuc d€ dam bao hiéu suat va an toan, bao gom ca viéc giam sat trang
thai sac, nhiét d6 va dong dién nhw dugc néu trong [4]. BMS, dugc minh hoa trong Hinh
1, déng mot vai trd quan trong trong qua trinh nay bang cach theo ddi tinh trang pin,
quan ly nguon dién va nhiét dg, kiém soat qua trinh sac / xa, danh gia SOH va bao vé
chong lai cac diéu kién bat thuwong, do d6 dam bao do tin cdy ctia hé thong va kéo dai
tudi tho pin [5].

Nguoi ta hiéu trong [6] rang sw mat can bang dién 4p gitra cac t& bao pin thwong
phat sinh trong cac chu ky sac va xa do sy khac biét dién hoa von 6 trong thiét bi luu
trit ndng leong (ESD). D& giai quyét van dé nay, BMS bao gom can bang t& bao nhw mot
chitc nang quan trong dé& nang cao tudi tho va an toan cua pin. Bang cach phét trién cac
ky thuat can bang dién ap va dién tich hiéu sut cao, hé thdng dam bao phan phéi dién
ap dong déu, ngan ngtra cac rui ro tiém an nhw qua nhiét hodc hda hoan, dong thoi cai
thién d¢ tin cay hoat dong tong thé.

Hinh 1. Hé thong quan 1y dc quy bén trong xe dién

Bai viét duegc t6 chike nhuw sau: Phan 1 gi6i thiéu hé thdng quan ly dc quy caa xe
dién. Cac phuong phap nghién cttu va thtt nghiém dwoc mo ta trong Phan 2 cung voi
cac tiéu chi danh gia. Cudi cung, cac két luan dwoc trinh bay trong Phan 3.

2. PHUONG PHAP NGHIEN CUU
2.1. Hé thong quan ly pin

Trong bd pin, cac té bao duoc két ndi ndi tiép hoac song song dé dat duoc dién
4p va dung lugng can thiét, nhung do cac dic tinh hoat dong riéng ctia chiing, moi t&
bao phai duoc giam sat va kiém soét chat ché [7, 8]. D€ duy tri hiéu sudt va d0 bén, hé
thong phai hoat dong trong cac gidi han nghiém ngat nhu nhiét do, téc do sac / xa,
ngudng dong dién va ranh gidi dién ap.
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Nhitng nhiém vu nay duoc quan ly boi BMS, hoat dong nhu "bo nao" caa pin,
dam bao an toan, kéo dai tudi tho va tdi wu hda hiéu sudt. Cac chirc ndng BMS cot 161
bao gom giam sat nhiét do, kiém soat nhiét, can béng té€ bao, wdc tinh SOC va SOH va
béo vé chdng xudng cap [9]. BMS duoc thiét ké t6t cling hd tro giao tiép voi cac hé thong
xe khac d€ van hanh dong b va hiéu qua tong thé ctua hé thdng. So d6 chung ctia hé
thong quan ly pin duwgc minh hoa trong Hinh 2.

v Quan Ly nhiét
[—] r____________;
Bus Bién ap I Lo Piéu khién mach ve g1 A
- fuong tw 4&» Thu thap dit lién
Déng dién — » ’ ;
B pin eIl Dién 4 Mach mau : Trang théi sac IC(') thé A od T
— ey :
iat do Tin hiéu | Trang thai ning lwon Co the = =
B = | gt g [ [P0 Khidn e |
—,I --— Trang thai sur song | Bo dieu khien xe
I H¢ thong quéan Iy pin ]
T Tin hién diéu khién dién ap cao (Cong tic tiép diém. v.v.)

Hinh 2. So &6 chung ctia hé thdng quan ly dc quy

2.2. Giam sat dong dién va dién ap trong té bao pin Li-ion

Xe dién stt dung bo pin LIB, trong d6 mdi t& bao ¢ thé hoat dong khac nhau, yéu
cau giam sat lién tuc d€ dam bao hoat dong hiéu qua, an toan. Diéu nay bao géom theo
doi voltage, dong dién, nhiét do va phat hién 16i d€ tranh sac qua mu, sac thiéu va qua
nhiét. Xa on dinh la diéu can thiét, nhung bat ky sw mat can bang nao ciing c6 thé dan
dén thiét hai nghiém trong hodc tham chi hoa hoan. Do d6, diéu chinh dién ap va dong
dién t€ bao trong thoi gian thyc va hién thi trang thai pin tong thé la rdt quan trong dé
bao vé hé thong va can thiép kip thoi [10].
2.3. Trién khai b loc Kalman mé rong (EKF)

D& mo phong gidm sét t5t hon va bao gom su khong chac chédn ctia md hinh. Hai

~ n m ~ ~
bién ngau nhién W €RY o3 i € RY 13y lwgt dai dién cho nhieu qua trinh va nhieu do
leong. Khong gian trang thai va phuong trinh do lrong dugc mo rong thanh:

X1 = AX +B U +w,
(M
=Hx +Du, +V
Yk kX Pl Vg 2)

Gia dinh thém ring cac bién Wk va Yk 1a nhiéu tring phan phdi Gauss. Néu nhiéu
qua trinh va nhiéu do luong khong trong quan va cé gia tri trung binh bang khong, c6
thé gia dinh rang;

E[ww' ]=Q ©)
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E[wt] =r @

Trong d6, E 1a toan t& ky vong thong k&, I' 1a hiép phuong sai cta nhiéu do
luong va Q 1a ma tran hiép phuwong sai ctia nhidu qua trinh. D& bao gom hanh vi phi
tuyén, gia dinh rang phuong trinh khong gian trang thai va phuong trinh do lwong c6
dang:

X = F (XU )+ W )

yk:e(xk’uk)+vk ©6)

Trong d6: [ va € 1a cdc ham kha vi.
Néu do léch theo thoi gian cua hai ham nay la nho, chung c6 thé duoc xap xi
bang khai trién Taylor bac nhat. Hon nita, cic ham nay duoc tinh toan tai gia tri xap xi
ot .
trang thai gan nhat: hodc 1a *« hodc *«. Quy trinh nay tao nén sw khac biét cia EKF.
Theo gia dinh nay, cdc ma tran A va H tir thwong trinh (1) va (2) c6 thé dwoc dinh nghia
lai nhw sau:

A _of (x.uy)
k.——aXk X (7)

H _oe(x,u,)
x| ©

1 2

6 5

Hinh 3. Cac budc van hanh b6 loc Kalman mo rong
2.4. Uéc tinh va bao vé kiém soat sac / xa Li-ion

Hiéu sudt va tudi tho cta pin lithium-ion (LIB) phan 16n phu thudc vao viéc duy
tri cac diéu kién sac va xa toi wu. LIB thuong hoat dong ¢ ché d6 dong dién khong doi —
dién ap khong doi (CC-CV) va duoc quan ly boi bd diéu khién PI, véi cac trang thai
chinh nhu trang thai chitc sac (SOC), SOH, trang thai chitc nang (SOF) va thoi gian st
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dung con lai (RUL) duoc giam sat chat ché [11]. SOC cho biét nang lugng con lai cua pin
va c6 thé duogc woc tinh bang cac phuong phép nhu dién 4p ho mach (OCV), dém
Coulomb, b¢ loc Kalman va cac ky thuat dua trén Al nht mang no-ron hoac logic mo.
SOH phan anh tinh trang tong thé caa pin, theong duoc danh gia thong qua cac mo hinh
phan tich sg xudng cap, dién trd bén trong va ton that dung luong.

Tinh trang tudi tho cta pin LIB ¢6 thé duoc danh gia theo nhiéu cach thong qua
cac phuong phap nhu dém Coulomb, dién ap hé mach, quang phd tré khang, loc
Kalman va cac ky thuat hoc may nhu mang no-ron va mdy vecto ho trg. SOF phan anh
hiéu suét hién tai ctia pin so véi dung lwgng t6i da cua nd, trong khi RUL duwoc wdce tinh
bé’mg cach st dung cac bo loc thich ttng, m6 hinh Bayes va thuat toan Al Trong xe dién,
pin dwgc cau hinh theo kiéu song song ndi tiép sé xudng cap theo thoi gian do cac chu
ky sac-xa lap di 13p lai, gdy mat can bang. D€ giai quyét van dé nay, BMS giam sat va
diéu chinh qua trinh sac, ngdn ngtra sac qua muc hodc xa sau, dong thoi dam bao an
toan tang tudi tho pin.

2.5. Quan ly ning lwgng, nang lwgng va nhiét

Phan phdi dién hiéu qua la mot thach thitc quan trong trong linh vuc EV, vi quan
ly néng lwong khong dung cach cé thé 1am giam hiéu suat ctia hé thdng va dan dén mat
nang lwong [12]. Cac yéu t6 nhu hoat ddng khong dong déu cuia cac thiét bi dién tir va
nguon dién khong on dinh cang lam giam hiéu qua cta hé théng luu trit pin (BESS). Hé
thong quan ly va diéu khién nang lwgng thong minh 1a can thiét d€ dam bao cung cép
dién 6n dinh, giam ton that nang lwgng va tdi wu hoa hiéu sudt, dong thoi xem xét cac
yéu t6 nhu SOC, SOH va lao héa pin [13][14]. Kiém soat nhiét d§ cling rat quan trong dé
duy tri diéu kién hoat dong an toan cho pin LIB. BMS kiém sodt cac co ché swdi am va
lam mat d&€ dam bao rang LIB nam trong pham vi nhiét d6 t&i wu tir 15°C dén 45°C.
Nhiét d6 qua cao, qua thdp hodc qua cao, c¢d thé lam hong pin, gay ra voltage mat can
bang, hoic tham chi din dén cac phan ting nguy hiém nhu né. Do d6, quan ly nhiét hiéu
qua la diéu can thiét d€ dam bao an toan va tudi tho cua hé thdng LIB.

Hinh 4. Phan loai hé thdng quan ly nhiét
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3. KET QUA

Trong quan ly pin, EKF &ap dung cdc m6 hinh phi tuyén nhu twong dwong mach,
RC hodc m6 hinh Thevenin d€ dy doan trang thai pin dua trén tin hiéu dong dién va
dién 4p thu duoc. Sau d6, né cap nhat cac dw doan nay bang cach st dung cac phép do
méi va ma tran khuéch dai Kalman d€ tinh dén nhiéu va sy khdng chic chéan. Diéu nay
nang cao do trung thwe va do bén ctia BMS, dac biét la trong cac tng dung yéu cau dong
luc hoc cao va hiéu suat thoi gian thuc.

! . —~
V) ©
A = i l
) Déng dién (A)
. e Dién ap (V)
v &4 = Pin CO.CV Pha vir ving Nhigt 6 (K)

lép dai so

Hinh 5. M6 phong qua trinh sac va xa cua hé thong xe dién

So db trén md phéng qud trinh sac ac quy ctia hé thong xe dién, bén canh viéc
kiém tra cac diéu kién an toan khi sac xe nhw qua ap, qua dong va nhiét 6. Théng qua
do6, xay dung thuat toan diéu khién sac pin theo tiéu chuan CC-CV. Cudi cung, danh gia
tudi tho pin thong qua chu ky pin. Cho thay cach cac thuat toan dong dién va dién 4p c6
dinh duoc st dung dé€ chu ky pin. Khéi pin CC-CV thuyec hién cac chu ky sac va xa trén
pin trong 10 gio. SOC ban dau la 0,3. Trong qua trinh sac, dong dién khong doi cho dén
khi pin dat dén dién ap t3i da, tai thoi diém doé dong dién bat dau giam. giam xudng 0.
Khi pin can kiét, m6 hinh stt dung dit liéu nay d€ tinh toan dong dién khong doi dau ra
dién.

Pham vi dong dién (A) Pham vi dién ap (V) Pham vi nhiét dé (°C)

S 2 o0
< Ll
g %15
N
I E I K
T6t

Nguy hiém

NoOoN oW
o w o

Déng dién (A)
= e
(=] w

(ST}

Nguy hiém Nguy hiém
Hinh 6. Két qua dat duoc so voi tiéu chuan an toan thé gi¢i[15]

Chting ta c6 thé thay rang dong dién ting manh tlr mc t6t (10 A) 1én mtic nguy
hiém (25 A), tang 150%. Khi dong xa quad cao, dién tro trong ctia pin tang lén va gay that
thoat nhiét, dé dan dén hu hong hoéc nd. Tiép theo, dién ap ting nhe (khoang 2,4%) tlr
mc tot dén mic nguy hiém, nhung diéu nay rat quan trong vi chi can vuot qua 4,2 V
o6 thé gay ra sy phan huy chat dién phan va phong pin. Do d6, diéu khién dién ap la
chia khoa. Cudi cung, nhiét d¢ tang déu dan 10°C mdi mée. Néu nhiét d6 vuot qua 60°C,
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cau trac t€bao hda hoc sé bi pha huy. O mure "Xau" (50°C), ¢d rti ro an toan va nén giam
hoac dirng sac / xa.
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Hinh 7. M6 phong tinh trang tudi tho ctia pin dwa trén sy suy giam dung luong

So d6 trinh bay trong Hinh 6 m6 phong tinh trang tudi tho cua pin dwa trén sy
suy giam dung lwong, nhdm phan tich va so sanh cdc phuong phap danh gid SOC va
SOH cuia pin d€ dam bao an toan, kéo dai tudi tho ctia pin. N6 cho thay cach du doan
dung leong pin va SOH st dung bo loc Kalman. Khi bit dau md phong, SOC cua pin
duoc dat thanh 0,5, thé hién mtc nang luong 50% so véi dung luong day du cua né.
Nguoc lai, cong cu wdc luong trang thai, hoat ddng ddc lap vdi cac phép do truc tiép,
dwoc khoi tao vdi gia tri SOC gia dinh 1a 0,8. Sit khdc biét co chu y gitta SOC thure va wde
tinh nay cho phép danh gia c6 y nghia vé kha nang hdi tu ctia cong cu uwdc tinh vé SOC
thuc té theo thoi gian, dac biét 1a trong cac diéu kién sac va phdng dién khac nhau. Trong
khoang thoi gian 50 gio, pin trai qua nhiéu chu ky sac va xa. Dung luong cta pin (Ah)
va SOC dugc wdc tinh b.%mg EKEF, dat duoc sai s6 wdc tinh dung luong dudi 4%. Khi SOC
duoc wde tinh bang cach stt dung cong sudt cd dinh, mdt sai léch dang chi ¥ so véi SOC
thuc sy sé xay ra. D€ thé hién chinh xdc chitc ndng ctia cdng cu wéc tinh va giam thoi
gian mo6 phong, md hinh hda ty 16 mo dan cong suét la diéu can thiét.

So sanh tiéu chqén KF va EKF vai tieu
chuan thé gidi

.1. ﬂﬁl L,

Tiéu chudn quéc té KF
(gidi han)

O R MW RGO N

o Loi dong (%)  mLBi dién ap (%) L3i nhiét do (K)

Hinh 8. So sanh cdc thuat toan KF va EKF véi tiéu chudn kiém tra an toan cta thé giéi [15]
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Pau tién, KF vuot qua gidi han tiéu chudn trong ca ba yéu to, dac biét la sai s0
dong dién va nhiét do. Nguwoc lai, EKF nam trong gidi han an toan va thap hon tiéu
chuén qudc t&, thé hién do chinh xac vuot trdi. So sanh KF va EKF, c6 thé thay EKF giam
sai s0 dong dién ttr 7% khoang 3% (giam ~ 57%), sai s dién ap tir 4% khoang 2% (giam
50%) va sai s6 nhiét d¢ tir 2K khoang 0,5K (giam 75%). Vi cac thong s trén, chung ta
c6 thé thay rang EKF 1o rang vurot trdi hon KF vé SOC, SOH. Quan trong hon, yéu cau
vé an toan duoc coi la ngudng an toan t6i da ctia IEC 62660-1, SAE J2464 va UL 2580.
EKF khong chi dap ting ma con vugt qua tiéu chuan nay. KF co sai sd vuot qua gidi han
quéc t& nén chi phu hop vdi cac hé thong don gian khong yéu cau dd chinh xac cao.

Tl co so thuat toan cta Hinh 4 va Hinh 6, két qua dwoc thé hién rd rang trong
Hinh 8.a) va Hinh 8.b) cho thay dong sac/xa, dién ap thay doi theo chu ky nhiét d9, ting
khi sac/xa manh, giam véi pin khong tai cing véi biéu d6 chu ky sac / xa lién tuc, dung
luong pin thuee t€, wdce tinh giam dan va cho thay tudi tho pin giam dan khi s6 chu ky
tang 1én. Ttr két qua mo6 phong, cé thé thady mot s6 han ché. Doi v6i Hinh 8a, vi day la
mo ta ngan han 10 gio nén chat luong wée tinh SOC / SOH khong rd rang, chi c6 dit liéu
dau vao. Ngoai ra, Hinh 8b, SOC dao dong manh, diéu nay khong dai dién cho pin duoc
st dung trong mot ing dung 6n dinh. Ngoai ra, sai sd trong wdc tinh cong suat ting
dan, dan dén SOC khéng chinh xac néu khong hiéu chinh va khong thdy anh huéng ctia
nhiét o 1én SOH. Nguoc lai, nhiing wu diém ma né mang lai cing rat dang ke, Chrfmg
han nhu phan anh chinh xac cac diéu kién hoat dong thuec t€ cho pin. D liéu du d€ nhap
cong cu wdc tinh SOC / SOH va hién thi o rang tac dong cua dong sac va nhiét do doi
voi dién ap.
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Hinh 9. a) Két qua md phong viéc sac/xa dong dién, voltage mutrc va gia tri nhiét d6 lién quan
dén pin; b) Két qua mo6 phong trang thai thuc t€ va wdc tinh cua gia tri sac, dung luong va tinh

trang tudi tho pin.

Dbong thoi, hiéu qua cua thuat toan wdc tinh chi s6 SOC va SOH dugc danh gia,
phan anh ro rang cac hién tuwong lao hda va suy giam dung luong cta pin bao gom ca
cong cu wdc tinh cudi cung hoat ddng tdt, véi sai s6 nho duwgc lam rd trong Bang 1.

Bang 1. So sanh 16i dinh lwong gitta B loc Kalman va Bo loc Kalman mé rong

Phuwong phap RMSE MAE
BO loc Kalman 0.0146 0.0109
B0 loc Kalman mo rong 0.0092 0.0068

C6 thé thdy EKF cho gia tri RMSE va MAE thdp hon so v6i KF, cho thay kha nang
uwdc luwong tot hon trong hé thdng co tinh phi tuyén.
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4. KET QUA VA THAO LUAN

Bang cach phan tich chu ky sac/xa pin va s xudng cap, hiéu qua ctia EKF va KF
trong viéc wdc tinh trang théi va tudi tho cua pin c6 thé dugc danh gia. Trong chu ky
lam viéc 10 gio dién hinh, dong dién dao dong trong khoang +20 A (sac) va -20 A (xa),
dién 4p thay doi tir 2,5 V dén 4,2 V va nhiét d6 thay doi mot chuat tir 298 K dén 295 K.
EKF theo ddi chinh xac SOC, cho thay sai sd tdi thiéu trong diéu kién tai dong. Trong 50
gio, dung lueong pin giam tir khoang 4,2 Ah xuéng 3,2 Ah, giam 23,8%, trong khi SOH
giam tir 100% xudng khoang 76%, cho thay su suy giam lién quan dén chu ky. Nhitng
phat hién nay lam n6i bat kha nang ctia EKF, KF trong viéc wdc tinh cac trang thai thoi
gian thyee bao gom SOC va theo doi sy suy giam lau dai d€ du doan tu6i tho pin. Gia st
suy giam tuyén tinh, ngudng SOH la 70% (thuwong danh ddu hét tudi tho) sé dat dwoc
sau 65-70 h, cho phép BMS 1én lich bao tri hodc thay thé kip thoi. Tuy nhién, nghién ctru
van ton tai nhitng han ché nhat dinh khi méi chi thuwe hién thye nghiém trén mo hinh
cua mot dong pin cu thé€ ma chwa mo rong d6i chiing trén nhiéu chung loai héa hoc pin
khac nhau. Dong thoi, mdc du phuwong phap loc ¢6 dién da chiing minh dwgc tinh 6n
dinh, viéc tich hop cac cong nghé tri tué nhan tao Al d€ nang cao kha nang thich nghi va
d6 chinh xac trong méi treong nhiéu phtec tap van la mot hudng di trién vong can duoc
khai thac trong twong lai.
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Ubc liegng trang thdi va gidm sdt tudi tho cho hé thong pin xe dién sir dung bg loc Kalman mé rong

STATE ESTIMATION AND HEALTH MONITORING IN ELECTRIC VEHICLE
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ABSTRACT

Advanced energy storage solutions with high efficiency and optimized operational
management are accelerating the rapid development of electric vehicles (EVs). In
particular, the battery pack, serving as the primary energy source for the traction
motor, requires efficient management of power delivery, lifespan, and temperature.
The Battery Management System (BMS) is a critical component responsible for
monitoring voltage and current, performing charge balancing, preventing

overcharge and overdischarge, and regulating thermal conditions.

A comparative analysis between the Kalman Filter (KF) and the Extended Kalman
Filter (EKF) algorithms indicates that the EKF achieved higher estimation accuracy,
with a current measurement error below 1.5% and an application deviation of
approximately 1%. After 50 hours of operation, the battery capacity decreased from
4.2 Ah to 3.2 Ah (a reduction of approximately 23.8%), and the State of Health (SOH)
declined from 100% to around 76%, approaching the technical threshold of 70%.

Keywords: Battery Management System (BMS), Electric Vehicle (EV), Lithium-Ion
Battery (LIB), State of Health (SOH), Kalman Filter (KF), Extended Kalman Filter
(EKF).
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