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TOM TAT

Hé théng tich trit ndng luong cung cdp nhiéu dich vu phu tr vé ca phuong dién cong sudt va dién nang, diéu nay cho phép ho trg viéc van hanh va 6n dinh
hé théng dién hién dai. Trong do, siéu tu ngay cang thu hit nhiéu sy chi y béi khad nang cd thé hd trg hé thong trong céc ché do qua do vi tinh chat dong hoc
nhanh. Trong qua trinh vén hanh, siéu tu chiu céc tac dong khac nhau tir dién ap va nhiét lam cho chiing bildo héa va cd thé géy ra cac 16i bén trong. Do d6, gidm
sat tinh trang cla siéu tu dong vai tro quan trong trong dam bao hiéu qua va do tin cdy trong van hanh hé thdng. Bai bao gidi thiéu két qua nghién ciiu so sanh
hai phuong phap udc lugng thdng s6 chinh cla siéu tu 1a dién dung va dién trg ndi tiép tuong duong. Phuang phap binh phuong cuc tiéu dé quy va phuong phap
dua trén bd loc Kalman khong tuyén tinh dugc lia chon trong nghién ctiu nay. Két qua phén tich va md phdng cho thdy, hai phuang phép c6 thé cung cap thong
tin vé thdng s6 dap ing muc dich giam st tinh trang cta siéu tu. Hon nita, phuang phap sir dung UKF cho két qua udc Iugng vdi sai léch udc lugng nhé va dap
ting nhanh trong hé théng cd su thay ddi dot ngdt vé thong s6 do 16i trong siéu tu.

Tir khéa: Dién tréndi tiép tuong duong, gidm sdt tinh trang, phuong phdp binh phuong cuc tiéu hdi quy, bé loc Kalman khdng tuyén tinh, siéu tu.

ABSTRACT

Energy storage systems provide various auxiliary services in terms of power and energy that allow to support for the operation and stability of modern power
systems. Among them, supercapacitors are increasingly attracting much attention due to their ability to support systems in transient regimes with fast dynamic
characteristics. During operation, supercapacitors are subjected to effects from voltage and heat, which cause them to age and may lead to internal faults.
Therefore, monitoring the condition of supercapacitors plays an important role in ensuring the efficiency and reliability of system operation. This paper presents
the results of a comparative study of estimation methods for two main supercapacitor parameters, namely capacitance and equivalent series resistance. The
Recursive Least Squares (RLS) method and the Unscented Kalman filter (UKF) based technique are selected. The analysis and simulation results show that these
two methods are able to provide parameter information that meets the purpose of monitoring the condition of the supercapacitor. Furthermore, the UKF based
method provides with small estimation errors and fast response in systems where sudden changes of parameter may occur due to supercapacitor faults.

Keywords: Equivalent series resistance, condition monitoring, recursive least squares, unscented Kalman filter, supercapacitor.
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1. GIGI THIEU nhiéu quéc gia. Su phat trién nay nham dap (ng nhu cau
Mdc d6 tham nhap ctia nguén dién st dung ning clia phu tai va qua trinh chuyén dich nang lugng trong
lugng tai tao vao hé théng dién (HTD) ngay cang ting & linh vuc phat dién. Tuy nhién, do ddc tinh bat dinh ctia cac
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nguodn dién nay, nhiéu tac dong tiéu cuc trd lai da duoc
dé cap nhu la moét van dé can xem xét thda dang, hudng
dén qua trinh phat trién nang lugng bén viing. SI dung
cac hé thong tich trit nang lugng dugc xem la moét giai
phap gidm thiéu cac tadc dong va nang cao hiéu qua cua
toan HTD néi chung.

& quy mo 16n, thay dién tich nidng dugc xem I loai
tich tr ndng lugng tap trung va hiéu qua. Trong khi d6
cac loai tich trir nang lugng ¢ nhoé hon nhu ac quy phu
hop vai cac ludi dién cé ngudn phan tan. Ac quy 1a loai
tich trit nang lugng phé bién nhat véi su da dang vé cong
nghé ché tao va ting dung vi vay gia thanh ciing c6 tinh
canh tranh cao. Tuy nhién, trong ché d6 van hanh c6 dao
dong cong suat nhanh, dc quy gap khé khan nhat dinh
trong viéc dap ung yéu cau khoi phuc su 6n dinh cac
thong s6 ctia HTD. Trong nhiing ting dung nhu vay, su két
hgp vai siéu tu (supercapacitors - SC) cho thdy tinh hiéu
qua dugc cai thién ré rang. SC c6 mat dé cong suat va kha
nang phong, nap véi téc d6 cao hon nhiéu so vai &c quy.
Vi vay, néu chién lugc diéu khién phu hop dugc ép dung
dé phan chia céng suat gitta hai loai hé théng tich tri
nang lugng nay thi c6 thé phat huy dugc uu diém cua
chung trong hoan thanh muc tiéu diéu khién céng suat
chung ctia hé théng.

Siéu tu c6 thé dugc st dung trong cac hé théng dién
tlr cong suat dé€ dap Ung tai dinh. Vi du trong xe dién, SC
dung dé cung cdp nang lugng trong qua trinh qua dé va
tich tr& nang luogng trong qud trinh ham tai sinh (nhu
trong cac tau dién dudng sat). Uu diém ndi bat ctia SC
bao gém dién dung I6n, dién tra ndi ti€p nhd, than thién
vGi méi trudng, tudi tho (vong dai) dai va dac biét c6 thé
diéu khién dé dang nhd su két hgp véi cac linh kién, bd
bién doi dién ti cong suat [1-3]. Tu dién 16p kép (The
double-layer capacitor - DLC) la phan t& phu hgp véi ting
dung cung cap nguon dién khong gian doan; phoi hgp
cung &c quy cho phép cét dinh cua tai. SC c6 uu diém vé
mat dé cong suat cao hon so véi ac quy va khoang tir 10
dén 20 1an so véi tu dién dién phan [4]. Loai tu dién 16p
kép st dung vat liéu nén cac bon phu hop cho cac ting
dung lién quan dén cong suat. Nhugc diém cda SC la
dién ap dinh muc thap, doi hoi can ghép nai ti€p nhiéu
SC dé c6 dién ap phu hop véi iing dung. Ngoai ra, hién
tugng ty phong va han ché vé dap tng tan so ciing la
nhugc diém ctia SC [5].

Tudi tho clia SC phu thudc vao ché dé lam viéc trong
tiing Ung dung cu thé. Trong cac hé théng doi hoi phdng
hodc nap sau véi dong dién I&n thi SC sé bi phat néng
manh va qua trinh ldo hoa dién ra nhanh. Dudi tac dong
cla nhiét va dién ap, SC bi gia cbi va kéo theo su thay doi
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cla cac théng sé moéd hinh mach tuong duong nhu dién
tré noi tiép tuong duong (ESR) va dién dung cta tu (C).
Trong ting dung xe dién, SC dugc coi la da gia c6i néu dién
dung suy gidam 20% hay dién trg néi ti€p tuong duong
tang hai lan [1]. Trong qua trinh 3o héa c6 thé xuat hién
cac khuyét tat, lam suy giam hiéu suat ctia SC, nang hon
6 thé dan t6i hong hoc.

Dé xac dinh théng s6 mé hinh tng véi cac mach dién
tuong duang, nhiéu phuong phép cé thé ap dung. Théng
sO ctla mo hinh véi mach tuong duong ba nhanh dugc
xac dinh dua trén phuong phap t6i uu phan doan
(Segmentation Optimization - SO). Pay la phuong phap
dua trén phan tich mach va phuong phap binh phuong
cuc tiéu dé quy [2]. Bé déng udc lugng dé xac dinh thong
s6 mo hinh va trang thai sac cla siéu tu dugc dé xuat
trong [3], trong d6 b6 loc Kalman ma rong dugc st dung
dé diéu chinh théng s6 mé hinh, trong khi bd loc Kalman
khong tuyén tinh (UKF) dugc thiét ké nham dam béo kha
nang udc lugng trang thai nhanh va 6n dinh. Mé hinh s6
dugc xay dung va kiém chung trong [4]. Déng thai, mot
ky thuat quan sat theo kiéu Luenberger da dugc st dung
dé danh gia trang thai sac (State of Charge - SoC) trong
thai gian thuc.

Trong giam sat tinh trang va chan doan 16i ctia SC, su
tang lén clia ESR thé hién su 130 héa dién cuc, cac I6p vat
ly hodc 16i bén trong; hodc su tang lén clia cac dién tré
thanh phan ctia ESR. Su lao hoa cling dan dén sy suy giam
gia tri dién dung, lam giam hiéu suat luu tr ctia SC. Giam
sat dién dung cho phép xac dinh dugc trang thai sic khoe
(State of Healthy - SoH) va tudi tho con lai ctia SC. Su két
hgp gitta hai thong s6 nay con cho phép phan biét 16i &
I6p dién moi hay 16i dan dién.

Trong nghién ctu nay, mé hinh truyén théng bao gom
dién trd ndi tiép tuang duong va dién dung dugc lya
chon vi tinh don gian trong khi van cho phép c6 thé thuc
hién mé phéng, diéu khién va danh gia hiéu nang cda tu.
Dién tré ndi tiép tuang duong la théng s6 thé hién cho
tén hao nang lugng do noi trd, dién trd ti€p xuc va dién
trd clia chat dién phan. Trong van hanh, gia tri dién tré
quyét dinh d6 sut ap tuc thdi khi dong nap thay doi.
Trong khi d6, théng s6 chiic nang chinh ctia SC la dién
dung, quyét dinh ndng lugng dién trudng ma tu dién co
thé tich lay. Pay la théng sé quan trong trong thiét ké
diéu khién chinh xac qua trinh phéng nap ctia SC. Trudng
hop ly tuéng, dién dung dugc gia thiét khong déi. Tuy
nhién, dién dung thuc té thay déi phu thudc vao dién ap
va nhiét d6 lam viéc. Mac du don gian nhung s d6 nay
6 thé dugc st dung trong cac phan tich ché dé phéng
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nap cla SC va phuc vu cho cadc muc dich ca ban khac. Tu
nhan dinh nay, dua trén mo6 hinh clla mach dién tuong
duang don gian, hai phuong phap udc lugng thong s6 da
dugc ap dung dé xac dinh dién dung va dién tr& ndi ti€p
tuong duong clia SC. Thuat toan RLS c6 thé dugc st dung
trong xac dinh théng s6 ban dau, & ché d6 én dinh; trong
khi thuat todn UKF phu hgp véi gidm sat tinh trang ctia SC
trong mién thai gian thuc. Ngoai ra, viéc st dung hé s6
quén thich nghi ctia thuat toan RLS va cac bo loc két hop
sau udc lugng cla thuat toan UKF cling duogc dé xuat dé
nang cao chat lugng uéc lugng.

Phan tiép theo clia bai bao dugc cdu truc nhu sau:
Phan 2 gidi thiéu mé hinh cda siéu tu. Trong muc 3, mé
hinh thuat toan binh phuong cuc tiéu héi quy va bo loc
Kalman khong tuyén tinh dugc trinh bay va ap dung cho
mo hinh cla siéu tu. Cac két qua moé phong va phan tich
dugc trinh bay trong muc 4. Cuéi cung la mot s6 két luan
dugc dua ra trong muc 5.

2. MO HINH SIEUTU

Trong nghién ctu SC, cac so dé mach dién thay thé
dugc dé xuat dé mo ta phan (ing ca SC. D€ thé hién day
dd hon qua trinh vat ly bén trong cta SC trong qua trinh
phoéng, nap thi doi hdi cac mo hinh phuc tap hon. Cac so
dé mach dién thay thé cta SC cling rat khac nhau tuy
thudc vao muc tiéu ing dung va qua trinh xac dinh mé
hinh. Mé hinh ¢6 thé dugc st dung dé phan tich trong
mién tan s6 hodc trong mién thai gian. Trong nhom thu
nhat, cdc mé hinh mach dién tuong duong st dung tré
khang Warburg (dién hoa) két hop phan t&r mé phéng
hanh vi dién dung khéng ly tuéng, do bé mat dién cuc
khong dong nhat, 16 x6p phtic tap, hoac su phan b6 thoi
gian tré, tré khang 16 x6p [5].

M6 hinh don gian nhat gém cé dién dung, dién trg
song song tuang duang va dién tré noi tiép tuong duong
[6, 7], dugc minh hoa trén hinh 1.

R, R, (ESR)
[ ] L
Rp == C =C
a) b)

Hinh 1. M@ hinh don gidn cda siéu ty
trong do:

- R bao gém dién trg dién phan va dién trd tiép xuc;
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- R, m6 hinh héa hién tugng tu phong cta siéu tu thai
(6, 71.

Khi khong xét téi hién tugng tu phong, so d6 mach
tuong duong cla siéu tu dugc don gian hda nhu trén hinh
1b. M6 hinh mach dién tuong ducng hinh 1 phu hgp dé
dinh ¢& (xac dinh céng suat) hé théng va mo phéng céc
qua trinh phong, nap vai téc d6 cham ctia SC [8]. Théng
s8 cla cac phan tu trén so d6 co thé thu dugc ti bang
thong s6 ky thuat ctia SC do nha san xuat cung cap. Bé
mo ta day da hon, dac biét la cac qua trinh phéng, nap
nhanh thi cac mach dién phuc tap véi nhiéu nhanh dugc
strdung [5, 8, 9].

3. THUAT TOAN UGC LUONG THONG sé

Muc nay trinh bay 4p dung phuong phap binh
phuong cuc tiéu dé quy (RLS) va phuong phap dua trén
b6 loc Kalman dé udc lugng ESR va C. TU phuong trinh
trang thai ctia SC, théng sé can udc lugng phu hgp dugc
thiét 1ap dé ap dung cau tric cla cac thuat toan RLS va
UKF. Hon niia, cai tién phuong phéap RLS bang cach su
dung hé sé quén (Adaptive Forgetting Factor) thich nghi
cling dugc ap dung dé én dinh sai s uéc luong.

3.1. Thuat toan binh phuong cuc tiéu dé quy (RLS)

TU ¢6 phuang trinh:

t

v(t) = Rii(t) +%f i(t)dr (1
0

trong do: R la ESR (don vi la Q); C la dién dung (don
vi la F); v: dién ap dau cuc (don vi la V); va i: dong dién dau
vao (don vila A).

Patq(t) = [ i(t)dr, phuong trinh (1) c6 thé dugc viét
dudi dang:

v(t) = 04i(t) + 6,q(t) (2)

0 =[0; 06;]TIavéctothongsé can udclugng. Dé ap
dung thuat toan binh phuong cuc tiéu dé quy (RLS), dinh
nghia cac thanh phan nhu sau:

, y i

- Véc to dac trung: p(t) = [ ]

- Pau ra (dugc do): y(t) = v(t)

- Sai lech:e(t) = y(t) — ¢T(1).6(t)

Céc phuong trinh cap nhat RLS:

Cap nhat thong sé va cap nhat ma tran hiép phuong
sai tuong ung la:

__ PE-1.9®
KO =33 dT(OP(t—1). ¢V G
0(t) = 0(t— 1) + K(t).e(t) (4)
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P(t) = %[P(t - 1) —K®OT(®OP(t—1)] (5)

Trong dé: A la hé s6 quén, A € (0,1]; P(t): ma tran hiép
phuong sai.
R&i rac hoa phuaong trinh véi thoi gian [dy mau At, dat
0; = Rg; 6, = 1/C; mé hinh tré thanh:
K

ikl = 0,i[k] +6, > ilj] At (6)

j=0
bat o[k = - [K] = v[K], tird6 co thé viét
3t lkl = Z};Oi[j]At’y = VIK], 6 cothévié
(3) dang hai quy tuyén tinh:

ylkl = ¢"[k]. 8[k] + e[k] 7)

6:[k]

trong doé: 0[k] = [ez[k]

]: thong sé can udc lugng;
e[k]: sai s6 mé hinh.

Cach tinh hé s6 quén thich nghi rat da dang cho cac
Ung dung khac nhau [10, 11]. Hé s6 quén c6 thé diéu
chinh dan theo thai gian va tién dan dén 1 khi budc k tang
[12, 13]. Trong nghién cu nay, hé s6 quén thich nghi
dugc diéu chinh tang dan khi k tang theo quy luat sau:

1

A[k]—l—k_l_C (8)
trong d6: c 1a hdng s6 dé tang t6c hoc khéi tao. C6 thé
thay so vai trudng hop st dung hé s6 quén khéng déi,
thuat toan sé quén di liéu ci theo ham mi véi mot téc
dd c6 dinh. Trong khi d6, véi cong thirc dugc lua chon, hé
sO quén sé tién dan dén 1, nghia la miic d6 quén giam dan
theo thai gian va téc do gidm cham lai khi k tang 1én. Uu
diém cda céng thuc la don gian trong thuc hién va giup
thuat toan én dinh hon, dic biét trong méi trudng nhiéu.
Gia tri ban dau ctia hé s6 quén nhoé han 1 cho phép thuat
toan phan ung tot hon vai dit liéu mdi. Tuy nhién, phan
Ung déi vai cac bién déng sau nay kém hon va la mot

nhugc diém trong giam sat thong s6 clia hé théng.

3.2. B loc Kalman khéng ldy mau tuyén tinh (UKF)

Trong phuong trinh (1) ta ¢6 uc la dién ap trén dién
dung C % = %

Ap dung thuat toan UKF [14] vao cho hé théng véi céc
lua chon nhu sau:

- Lua chon trang thai can udc lugng la:
x(t) =[uc Rs log (O)]T, trong d6, bién trang thai
log(C) dé dam béo gia tri duang cua dién dung.

- M6 hinh phi tuyén c6 dang:

uclk + 1] = uc[k] +%.At, C[k] = exslKl
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- Dau vao: u(t) = i(t)

- Gia tri do la dién ap dau cuc:

yk = v(K) = Rg(k) - i(k) + uc(k) + oy, trong doé:
Wk hhiéu do.

Sau khi uéc lugng dugc dién dung va dién trg, bo loc
dugc ap dung dé xtt ly nhiéu dam bao tinh 6n dinh va dé
chinh xac cta két qua. Bo loc Gaussian dé lam mugt dir
liéu thoi gian bang tich chap nhan Gauss va bd loc
Butterworth (thong thap, tuyén tinh bac 2) dé xir ly cac
nhiéu lap, dao déng khéng déu.

B6 loc Gaussian dugc thiét ké dua trén Ham Gaussian:

1 K
G(k) = E.e 202,
Bo loc Butterworth bac n cé hang truyén:
. 1
[HGw)| = Tirroo™

trong dé, w: tan so cat.

Du da loc bang Gaussian, van c6 dao dong nhé gia tri
dién dung udc lugng do do ludng nhiéu hodc déng hoc
khéng mé hinh héa hét.

4. KET QUA MO PHONG

Muc nay gi6i thiéu két qua siéu tu véi moé hinh mach
dién tuong duong don gian trong hinh 1. Cac phuong
trinh mo ta siéu tu va thuat toan trinh bay trong muc 3.
Thong s6 clia SC dugc ldy tur dir liéu thuc té cda siéu tu do
Maxwell Technologies san xuat [15]. Thong s6 chinh bao
gém dién dung C = 380F, dién tré ndi tiép tuong
duowng: ESR = 2,8mQ, dong dién hiéu dung lam viéc
lién tuc I .« = 25A va dién dp dinh muc V. = 2,7V.

Ma tran hiép phuaong sai trong thuat toan RLS dugc
103 01.

0 10%F

Cac ma tran hiép phuong sai trong thuat toan UKF

(trang thai, qua trinh va do luong) dugc chon bang:

1074 0 0
P=1]0 1073 0|

chon bang P = [

0 0 o1
106 0 0
Q=|o0 105 o0 [R=10"°
o 0 107

Dap lng cla dién 4p dau cuc ctia SC khi dong dién
thay déi dugc thé hién trén hinh 2. Trong diéu kién dau
vao clia dong dién da cho, hai kich ban mé phdéng uéc
lugng théng s6 dugc thuc hién bao gom:

- Qua trinh 1o héa lam thay ddi thong sé theo thoi
gian vai toc dé thay d6i cham;

- Su thay d6i dot ngét clia thong sé do 16i bén trong
tu.
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Hinh 2. Su thay d6i cia dong dién (hinh trén) va dién ap dau cuc cda siéu
tu (hinh dudi)

DE M6 phéng qua trinh [do hda, thong s6 thay di nhu
sau: ESR tang tir gid tri ban dau 2,8mQ va tién dan dén gia
tri gap boén lan; C giam 20% tur gid tri ban dau C = 380F
(kich ban 1). Su thay d6i nay dung dé kiém tra bién phat
hién 16i va danh gia kha nang phat hién nhanh (d6 tré 10
- 90%, thdi gian hoi tu). K&t qua udc lugng dugc thé hién
trén hinh 3a).

C6 thé nhan thay két qua udc lugng clia phuong phéap
UKF t6t nhat; phuong phap RLS véi hé sé quén o sai s6
udc lugng tot so véi phuong phap RLS cé hé s6 quén
thich nghi vi hé sé nay giam theo thai gian.

g "
N
54
%
m X —~== ESR - RLS (A=0.99)
L e S AN E— e LT ESR - RLS thich nghi
i --- ESR thuc té
0 20 40 60 80 100 120
= C - UKF

—== C-RLS (A=0.99)

]
4 ¢
100 ;

----- C - RLS thich nghi
——- Cthucté
0] T T T T T
0 20 40 60 80 100 120
t(s)
a)
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300 T —————To——————- -
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H ——- FaultC
01— : . . : .
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Hinh 3. U6c lugng thong s cla siéu tu theo kich ban 1: a) Lao hoa; b) Thay
dai do 16i

D& mo phong su ¢6, gia thiét co 16i bén trong SC gay
ra sutang lén dét bién ctia ESR 4 1an va lam gidm C xuéng
20% tai thai diém t = 50s. Trong cac khodng thai gian con
lai, cac théng s6 dugc gia thiét khong déi nén két qua udc
lugng cla cac phuong phap déu co sai léch nhé va 6n
dinh trong khodng thai gian t = (0 - 50s). Tuy nhién, sau
thoi diém xuat hién 16i, phuong phap UKF cho két qua
udc lugng tot trong khi phuong phap RLS cham dap tng
V@i su thay d6i nhanh clia thong s6. RLS vGi hé s6 quén
thich nghi cho két qua udc lugng cham dap ung haon
nhung 6n dinh hon so vGi RLS c6 hé sé nay khong déi.
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So sanh sai s6 udc lugng gitta cac phuong phap trén

8
6 - hinh 5 cho thay, UKF cho két qua sai s6 t6t nhat, dac biét
c 4l la uSc lugng gia tri dién dung trong trudng hop su ¢d,
5 . v khoang 1,5%.
2 ol —— ESR_UKF Bang 1. So sanh hai phuong phap RLS va UKF
{ - ESR - RLS (A=0.99) ¢ i
2T - ESR - RLS thich nghi Phuong | Daping | Papingvdi | Khoi Ung dung
0 20 40 60 80 00 120 phap | véithong | théngsd | lugng
soondinh | thayddi | tinhtoan
400
N A I i s (e - nhanh
300 1| . . A
= [1: RLS v " v Xdc d!»nh thong so
o 2004k -tk ban dau
@) ’ === C-RLS (A=0.99)
N I I R S C-RLS lthich nghi Gidm st thong so
M === N i C N e
! L. e UKF 4 4 x trong mién thoi
78 0 @ e s 10 10 gian thyc
t(s) x: han ché; v: tot.
b) Nhan xét rat ra ti két qua trén hinh 3 c6 thé dan dén

Hinh 4. Udc lugng thong s6 chia siéu tu khi ¢d 16i tai t = 50s: a) Kich ban 2;
b) Kich ban 3

Nguéng “hét vong doi” (End - of - life: EOL) trong tai
lieu thuang lay ltc C gidm xap xi 20% va ESR tang khoang
2 lan so véi ban dau (Kich ban 2) [16]. Trudc dé mdic thay
déi & gilta vong doi c6 thé 1y vai C gidm 10% va ESR tang
1,5 1an (Kich ban 3). K&t qua mé phong dugc thé hién trén
hinh 4. Nhan xét tuong tu hinh 3 cé thé dugc rut ra cho
hinh 4.

Sai s6 RMSE
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175 =3 C(F)
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g
E12s 25T
@ (9]
& 100 204
9 =
2 =
Z 075 15
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Sai s6 RMSE
. ESR (MQ)
2.00 C(F) I 50
1.75 4
I 40
. 1.50
g -
c
= 1.25 L300
w
& 1.00 2
2 =
& 0.75 4 20
0.50
I 10
0.25
0.00 0
RLS adaptive RLS A=0.99 UKF

Hinh 5. Két qua tinh toan sai s6 RMSE ca kich ban 2: a) Lao hda; b) Su co
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téng hop so sanh va dé xuat iing dung trong bang 1.
5. KET LUAN

So sanh ap dung phuong phap udc lugng thong s6
bang thuat toan binh phuong cuc tiéu dé quy va thuat
toan Kalman khéng tuyén tinh da dugc thuc hién trong
bai toan udc lugng lugng théng sé dién dung va dién trg
ndi tiép tuong duong cua siéu tu. Két qua cho thay, thuat
toan UKF c6 thé cung cdp thong tin véi sai léch nhé va én
dinh dé gidam sat tinh trang cua siéu tu. Viéc st dung hé
s8 quén thich nghi cé thé nang cao d6 én dinh trong udc
lugng théng sé trong diéu kién bién dong trang thai.

Trong nghién cuu tiép theo, viéc st dung mé hinh chi
tiét sé dugc ap dung dé mo phéng day du hon céac qua
trinh va udc lugng théng s6 trong diéu kién dé ky vong
sé cai thién sai s6 udc lugng va phu hgp thong s6 thuc té
cua siéu tu.
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