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TONG QUAN PHUONG PHAP XAC BINH THONG SO
CUA MAY BIEN BONG BO KICH THICH NAM CHAM VINH CUU,
DE XUAT KY THUAT DUA TREN BO QUAN SAT

VO MO HINH BAC HAI

OVERVIEW OF PARAMETER ESTIMATION FOR THE PERMANENT MAGNET SYNGCHRONOUS MACHINE,
PROPOSAL OF AN OBSERVER-BASED TECHNIQUE WITH SECOND ORDER FORM

TOM TAT

Gid tri cac thong s6 mo hinh clia méy dién la di liéu dau vao quan trong
trong thiét k& diéu khién, van hanh va gidm sat trang thai clia hé thong. Bai
hao gidi thiéu tong quan mang tinh dinh hudng vé céc phuong phap xéc dinh
thong s6 md hinh clia may dién dang b6 kich thich nam cham vinh ctu. Tl d6
@& xuat mot phuong phap mai st dung bd quan sét phi tuyén dé xéc dinh tling
thong sd clia may. BO quan sat dugc thiét ké cho hé thong ¢ mé hinh don gidn
béc hai dya trén dau ra la thanh phan ngang truc clia dong dién stato. Két qua
m0 phdng trén may tinh cho két qua udc lvgng tot, xac nhan tinh hiéu quaclia
phuong phép. Xac dinh thong s6 ¢d thé thire hién tryc tuyén, la thong tin dau
vao hitu ich trong gidm sat trang thai clia may.

Tir khoa: B quan sat phi tuyén, giam sat trang thai, may dién dong bo kich
thich nam cham vinh cltu, wéc long thong s6.

ABSTRACT

The values of model parameters of electric machine are essential inputs in
the control design, operation and condition monitoring of the system. The paper
introduces a pilot overview of parameter esimation methods of permanent
magnet synchronous machine. Next, a nonlinear observer-based technique is
proposed to estimate each parameter of the permanent magnet synchronous
machine. The observer is simple since it is desgined for second order systems
with the output of the quadrature axis stator current. Computer simulation
results show that good estimation can be achieved that confirms the
effectiveness of the proposed method. The parameters are online estimated and
can be useful in the condition monitoring of the machine.

Keywords: Nonlinear observer, condition monitoring, permanent magnet
synchronous machine, parameter estimation.
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Vii Hoang Giang

1.GIOI THIEU

Trong nhitng ndm gan day, may dién dong bo kich
thich nam cham vinh ctru (MPBB-KTVC) duoc st dung ngay
cang pho bién. Vé cdu tao, ro to clia may dugc ché tao tir
nam cham vinh clru nén khdng yéu cau cung cip dong
dién cho mach r6 to. Nho d6 rd to clia may c6 cau trdc don
gian, tén hao trong rd to bé nén hiéu suét ctia may duoc
nang cao. Hon nita do khéng can dong dién kich tir nén
may lam viéc v6i hé s6 cdng suéat cao, cho phép giam cong
suét clia cac bo bién d6i trong cac bo truyén dong. O ché
dd may phat dién, MDDBB-KTVC dugc sir dung trong hé
thong dién gi6é véi bd bién doi toan cong suét (full-rated
converter). Cung véi cdu hinh st dung may phat dién
khong déng bd ngudn kép (DFIG), day la cdu hinh phd bién
nhét trong cong nghé phat dién bang ning lvong gio6. O
ché d6 dong co dién, MPDB-KTVC dugc sir dung pho bién
trong cac linh vuc nhu xe dién, rd bét,... nhe vu diém lam
viéc 6n dinh, hiéu sudt va mat do cong suét cao.

Trong qua trinh van hanh, thong s6 mo hinh ctia may
can duoc xac dinh va giam sat dé diéu khién duoc thuc hién
chinh xéac hon. Vi du, diéu khién véc to la thuat toan thwong
duoc str dung trong diéu khién nang cao cho cac bo truyén
déng MPDB-KTVC; trong dé cac thdng s6 clia bd diéu khién
duwoc tinh toan theo gia tri clla thdng s6 mé hinh clia may.
Hon nita, cap nhat giéa tri clla cac théng s6 mo hinh cling c6
thé giam sat dwoc tinh trang clia may.

Bai bao téng hop duoc cac phuong phap thuong dwoc
sl dung dé xac dinh thong s6 m6 hinh clia may. Qua dé co
thé cung cadp cho nguoi doc tham khao hiru ich dé lva chon
xé&c dinh théng s6 ctia may trong giai doan dau bt dau st
dung may cling nhu la trong su6t qua trinh van hanh. Tiép
theo dé, dé xudt duoc phuong phéap xéac dinh théng s6 moé
hinh bang (*ng dung bd quan séat phi tuyén cho hé cé cau
trdc béc hai.
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2. TONG QUAN VE CAC PHUONG PHAP UOC LUQONG
THONG SO CUA MAY PIEN DONG BO KiCH THiCH

Trong Iinh vec nghién clru xac dinh théng s6 cua
MDPDB-KTVC, ¢6 thé phan nhém cac phuong phéap theo
diéu kién ap dung & trang thai dirtng may (offline) hay trang
thai may dang van hanh (online). Trong nghién ctru nay,
cac phuong phap xac dinh duwgc phén loai thanh: phuong
phap dua trén cac phép do; phuvong phép thuc hién khi
dirng may; phwong phap thuc hién tryc tuyén.

Thong s6 clia may cho trén nhan mac va tai liéu s dung
di kém la thong tin co ban ban dau cho nguoi st dung. Dé
c6 gia tri chinh xac clia cac thong s6 nay can ap dung cac
phuong phap xac dinh khac nhau, sé dwgc tong hop trong
muc nay.

2.1. X&ac dinh thong s6 dién ctia MPBB-KTVC thong qua
do dac

Trong tinh toan thong so clia cac bd diéu khién, gia tri
cla théng sé mo hinh la dau vao quan trong va mang tinh
quyét dinh. Cu thé la theo phwong phap diéu khién véc to
¢6 dinh huéng tir thong théng so clia bd diéu khién dong
dién kiéu tich phan ty 1é (PI) duvoc xac dinh nhw sau [1]:

K, = 26w, —R.K, = wiL )

Trong do, w, la tan s6 dao dong ty nhién cla vong diéu
khién dong dién, & 1a hé s6 ham. Do dé théng tin vé cac
thong s6 mo hinh can c6 bao goém: Bién tré pha clla may R,
Pién cdm pha clia may L (hodc dién cam doc truc Ly va
ngang truc L),

Ngoai ra cac thong s6 khéc cling can xac dinh nhw: hang
sO dién K, (V.s/rad), day la thdng s6 dwgc st dung cho cac
b6 quan sat; s6 doi cuc p (thvdng duwgc cho theo catalogue
clia may), dé tinh goc va téc dd clia may. Cha y rang trong
treong hop chua biét gia tri clia p thi ¢é thé xac dinh bang
phép do dong dién khi may duoc diéu khién V/Hz. Khi dé p
duoc tinh bang:

60.f
= — 2
p N 2

Trong dé, n la téc dd quay, tan s6 f dwgc xac dinh theo
chu ky T dwa vao tin hiéu dong dién do dugc.

Doi v6i bo diéu khién téc do, thong so clia bd diéu
khién PI duoc tinh theo cac théng sb co ctia mé hinh nhw
hang s6 quéan tinh J va hé s6 ma sat F,. Mot trong céc
phuong phap tinh thong so la [1]:

Kpm = 2(:0)0)0@\],'Kim = (Dg'] (3)

Trong do, my, la tan s6 dao dong ty nhién cda vong
diéu khién dong dién, &, 1a hé s6 ham. Tuy nhién cac théng
s6 co nhu hdng s6 quan tinh J it thay d&i va thuong duoc
cho trong ho so clia may.

a) Xac dinh dién tré

Pién tr& cta cudn day la mot théng sé phu thudce vao
nhiét do:

R =Ry(1+a.At) 4)
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a la hdng s6 nhiét do, déi voi day dong o = 0,004 (KY),
dién tré tdng 20% khi nhiét do tang 50°C; Dién trd co thé
duoc xac dinh bang cach st dung ddong hd van nang ky
thuat s6 (phu hop véi trvong hop cé dién tré 16n (>10Q))
hodc déng ho do RLC (trvtng hop dién tré co gida tri nhé).

b) Xac dinh dién cdm

Pién cam ctia MPPB-KTVC gobm dién cdm doc truc L, va
dién cam ngang truc L,

Do cau tric cia may, loai MPDB-KTVC ki€u chim
(Interior Permanent Magnet Synchronous Motor (IPMSM))
c6 hai gia tri dién cdm nay khac nhau trong khi do loai
MDDB-KTVC ki€u bé mat hai dién cadm co gia tri xap xi nhau.

Pién cam L dwoc xac dinh theo mach do, tir d6 c6 thé
xac dinh dwoc gia tri clia cac dién cdm doc truc va ngang
truc nhu sau:

Ly = (2/3)L v6i 6, = 0; L, = (2/3)L v6i 6, = 90°; (5)

Trong do, 6, 1a géc rd to, 6, = 0 khi truc ctiia pha A tring
véi truc ctia ro to.

¢) Xac dinh tlr thdng

Tir thong thuong duoc ky hiéu la A, co thé xac dinh
theo dién ap day khong tai khi MBBB-KTVC dwgc quay boi
dong co ndi truc bén ngoai voi téc dd w, Do thuong
khong lay dugc diém trung tinh nén thay vi st dung dién
ap pha thi trong thi nghiém do dién ap day.

Hang sd dién &p co thé tinh theo biéu thirc sau:

Ud
ke = N (6)

Trong do, Uy 1a dién &p day va o, duoc tinh theo chu ky
T, cUa tin hiéu dién ap hinh sin do duoc.

Trén day la mé ta ngan gon vé phuong phap xac dinh
thong s6 clia MPDB-KTVC bang céach do truc tiép dién ap,
dong dién va toc dé quay clia may. Co thé thdy wu diém
cla phwong phap nay la cé thé xac dinh chinh xac gia tri
cla thoéng s6 dé sir dung cho thiét ké diéu khién clia may.
Tuy nhién han ché l1a ¢é nhitng théng s6 khéng thé giam
sat truyc tuyén khi may dang lam viéc.

2.2. Phuong phap thyc hién khi dirng may

!
\_/
K3

Q

+

Vae "——

Hinh L. So do ndi day dé do cac dién cam doc truc va ngang truc clia MPDB-
KTVC [4]

Thi nghiém v&i dong dién mot chiéu tat dan cé thé xac
dinh duoc cac dién cdm da dugc thyc hién tir kha lau [3].
So d6 thuc hién dwoc thé hién trén hinh 1 tng voi diéu
kién truc cla rd to tring vai truc clia pha A (doc truc). Dé
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thi nghiém & diéu kién rd to & vi tri ngang truc, nguoén
duwoc nbi toi cac dau cudn day pha B va C, cudon day pha A
dé hé mach.

Nhu vay, thi nghiém (ng véi diéu kién may & vi tri doc
truc (d) va ngang truc (q) dwoc thrc hién & ché do ngén
mach cia cubn day. Dong dién tit dan trong mach duoc
biéu dién dudi dang téng clia thanh phan mot chiéu va ba
ham mii c6 hdng s6 thoi gian khac nhau. Uu diém cla
phuong phap nay la don gian va dé thrc hién nhieng da bod
gua ton hao clia mach tir trong qua trinh lam viéc binh
thuwdng va van ton tai sai s6 dién cam.

Thi nghiém v&i may & trang thai ding yén khi cho kich
thich bang ngudn dién xoay chiéu hinh sin mét pha cho
phép xac dinh dién cam cla cac cudn day stato va hd cam
gitta chuiing, tir d6 cé thé xac dinh duoc dién cdm doc truc
va ngang truc trong mo hinh ctia may [5].

Phrong phap dua thém tin hiéu vao dé xac dinh thong
s6 clia may duoc str dung kha pho bién [6, 7, 8]. Tinh chinh
X&c trong xéac dinh théng s6 da dwoc xac nhan bang két qua
tinh toan str dung phan mém phan tich phan t hitu han
(FEA). Tac gia trong [6] d& xuat phuong phéap xéac dinh dién
tré va dién cdm clla may, & dé ban do dién cam theo khdng
gian céc truc dg va ba pha da duoc xay dwng cé xét dén hién
bado hoa va twong tac dién tir. M6 hinh sai s6 trong hé truc dg
c6 xét dén tinh phi tuyén ctia bo nghich lvu va phwong phap
bt khéng phu thudc vao thdng sd ctia bd nghich lvu, dua
trén phép ndi suy Hermite. M6 hinh tong tré twong duong
tan s6 cao duoc dé xudt trong [7], trong d6 tin hiéu tan so
cao dugc duwa vao ca hai truc d va g. Phuvong phap nay cho
phép xac dinh dién tré va dién cAm & ca trang thai dirng may
va khi may dang lam viéc; xac dinh duoc hang s6 tir thong
khi mdy dang lam viéc. Trong [8], tin hiéu diéu hoa cta dién
ap dwogc dua vao truc ofp dé xac dinh cac dién cam doc truc
va ngang truc; tin hiéu dién ap mét chiéu dwgc dua vao truc
o dé xac dinh dién tra. Cac thong s6 da duoc sir dung trong
so d6 diéu khién khéng cam bién v6i bo quan sat goc.
Phuong phap kich thich bang séng hai va phwong phéap
Gauss-Newton st dung m6 hinh Hammerstein [9]. Thong s6
clia MDDB-KTVC ¢ thé xac dinh dva trén bé loc Kalman [10],
& dé so do cé xét dén tinh phi tuyén clia b bién déi ngudn
ap trong bo truyén dong.

2.3. Phrvong phap thuc hién truc tuyén

Nhu da dé cap & trén, tin hiéu bd sung cé thé dwa vao
may dé xac dinh thong s6 & trang thai ngirng hoat déng.
Nghién cru da qua cho thay, ky thuat nay cling cé thé ap
dung tryc tuyén trong qua trinh may dang van hanh [7].
Ngoai ra cach ti€p can thuc té€ cho cac phuong phéap thuc
hién truc tuyén la 4p dung cac thuat toan quan sat hay wéc
lwvgng thdng s6 vao hé thdng. Cac bd quan sat thuong gdp
dva trén mo hinh tham chiéu (MRAS) hay thuat toan binh
phuong cuc tiéu.

Phrong phap binh phuong cuc tiéu [11, 12, 13] 1a ky
thuat dya trén cac phép do cac bién trang thai la dong dién
va dién ap dé xac dinh cac théng s6 ctia mé hinh dya trén
mo hinh toan hoc binh phwong cuc ti€u. Tac gia trong [13]
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dé xudt s két hop hai thuat toan binh phuong cuc tiéu
toan phan dé quy (RTLS) duoc ap dung cho cac hé théng
(rng v6&i thanh phan doc truc (d) va ngang truc (g). Phuong
phap TLS la phién ban céi tién cta thuat toan RLC chuan cé
xét dén sai léch cla cac dau vao va dau ra dong thoi. Do dé
TLS duwoc sir dung dé woc lvgng thong so va tao cac bd loc
thich nghi. Mac du vay, thuat toan nay can xt ly thém van
dé 1ap ky di (singular). Tuy nhién phrong phap c6 mot s6
nhuoc diém nhu cac bd wéc lvong thdng sé co hang s6
khong ddi nén dd chinh xac wéc lwgng khong dugc dam
bdo va lam anh hudng dén chat lvgng lam viéc cla hé
thong do céc sai léch thdng so.

M0 hinh vy
> tham chiéu d
v = f(uw)
u
MG l\’mh' Co ché
> thich nghi thich nghi
yi=fwx)

X |
Hinh 2. Cau trdc x&c dinh thong s6 dua trén md hinh tham chiéu

Phrong phap dwa trén md hinh tham chiéu (MRAS)
dugc ap dung dé xac dinh dién trd, tir thong va dién cam
doc truc ctia MPBB-KTVC [14]. Cau tric ciia MRAS duoc thé
hién trén hinh 2. Trong [15], dién tr& va dién cam duoc uéc
lvong dya trén mod hinh ctia may dién trong hé toa do hai
truc cla stato (ap). Sw anh huédng cla tinh phi tuyén ctia bd
bién d6i ngudn ap da dugc xét dén va dé xuat phuong
phap bu dé nang cao dé chinh xac clia két qua wéc lvong.
Ngoai ra, phwong phap véc lugng théng sd con dua trén
bd loc Kalman [10] hay b quan sat Luenberger [16].

3. PHUONG PHAP UOC LUONG THONG SO CUA MAY
DPIEN BONG BO KiCH THICH DUA VAO BO QUAN SAT
PHITUYEN

3.1. M6 hinh ctia MBBB-KTVC

M6 hinh toan hoc thu gon clia MPBB-KTVC bé mat
(SPMSM) trong hé toa dd dong bd (dqg) dugc mod ta béi hé
phuong trinh sau [17]:

d. R. .

ald :EVd —Eld +p(l)|q

ii —Ev ——i, —poi _k ®

gra Ve TP TP @)
im:}(Te—va—Tm)

dt J

T, =15pAi,

Trong d0, iy, iy thanh phan dong dién stato theo cac
truc d va q; vy, v thanh phan dién ap stato theo céc truc d
va (; o: tdc dd gdc clia roto; A: bién dd cua tir thong cla
réto cam (ng sang cac pha cla stato; R: dién tr& clia cudn
day stato; L: dién cdm pha ctia cudn day stato; p: s6 cap cuc;
T.: md men dién tl; T, md men co trén truc clla may dién;
J: hdng s6 quan tinh; va F,; hé s ma sat.
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So db clia hé théng cé diéu khién sir dung MPDB-KTVC
dugc thé hién trén hinh 3 [18]. Trong dé c6 hai vong diéu
khién: vong diéu khién ngoai cho toc d6 quay cua réto va
vong diéu khién trong cho dong dién stato.

Ve
—_—>
o -
Tao xung Bo
PWM  [] nghich luu

VdcT I 4+

Cam bién goc
(Encoder)

Hinh 3. So 6 mach diéu khién MP PB-KTVC

3.2. Thiét ké bd quan sat

Qua phan tich trong muc 2 cé thé thdy phuong phap
wéc lvgng thong s6 rat da dang va tuy thudc vao (rng dung
cu thé ma chang duwgc lva chon tuong tng. DE xac dinh
thong so ban dau dé trién khai ’ng dung MDDB-KTVC thi
cac phuong phép offline thwong duoc sir dung dé xac dinh
thong s6 nho' vu diém c6 so dd don gian va dé thuc hién.
Tuy nhién dé giam sat thdng s6 tric tuyén trong qua trinh
lam viéc thi c&c phwong phap dwa trén cac bd quan séat
thurong duoc siv dung giéng nhu trong cac hé diéu khién
khong cam bién ma & dé phan hoi dwoc quan sat dya trén
cac dai lvgng san cé hoac sé it cac do dém.

Khéng ndm ngoai xu hwdéng chung, muc nay gidi thiéu
mot phrong phap wéc lvgng cac thong sé clia MDDB-KTVC
dva trén bd quan sat ap dung cho hé c6 mé hinh bac hai.

Trong qué trinh lam viéc, thdng s6 clla PMSM cé thé
thay doi do cac tac déng khac nhau ctia moi trwong lam
viéc va si gia cbi sau mot thoi gian phuc vu. Vi vay, van dé
wéc lvgng thong s6 clia may dién ndéi chung va doi voi
PMSM néi riéng dwoc quan tdm nhiéu trong cac nghién clu
da qua. Ba thdng s co ban clia trong mo hinh (1) dwgc wéc
lvgng la R, L va hang s6 mémen K; (hay tir théng cla ro to
A, ty & thuan véi K;) xem [19, 20] va céc tai liéu tham khao
trong do.

a) B6 quan sat dién tré

Lay y twéng tir thiét ké bd quan sat dién tr& cho may
dién khéng dong bo [21], cAu trac cla bd quan sat dién tré
cho PMSM ciing dwoc xay deng nham xac dinh théng s6
dién tr& cia may thuc té.

DPé xay dung b6 quan sat woc lwgng dién tro vai gia
thiét cac théng s6 khac (dién cadm L va tir théng A), mo hinh
dugc lva chon vai chl y mot s6 hé théng diéu khién clia
PMSM sir dung thanh phan ngang truc dé diéu khién téc
do trong khi d6 thanh phan doc truc khéng st dung va cé
gia tri dat bang 0. Khi d6 mé hinh hé théng dugc chon la:

ii = —ii R+£v —poi —&pw
dt ¢ L L@ 4L
dr o

dt

®)
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Hé (8) co thé duoc viét dudi dang ma tran nhw sau:
f

6o =) ¢

: [
trong do: x, =i X, =R; a,(t)= _fq :

~

¢ 1 S
I :qu —p(D|d —fp(ﬂ .
Tac gia trong [21] d& chirng minh duoc v6i cau tric co

dang (9), b6 quan sat cé thé thiét ké véi cau trdc sau:

(S (2t

y=X1
Trong d6, K la ma tran hé s6, duogc xac dinh theo tan s6
dao dong tv nhién w, va hé sé hdm & nhv sau:

_ 28wy,

()|

Hinh 4 thé hién két qua mé phang tir khi khdi ddng may
cho dén khi mang tai. Téc do dat la 1000; 600 va 1500
vong/phut tvong tng trong cac khoang thai gian (0-1)s; (1-
2)s va (2-3)s. Ngoai ra gia tri md men tai duoc thiét 1ap tang
dan tai cac thoi diém Os; 0,5s; va 0,7s; giam tai thoi diém
1,5s va tang trd lai tai thoi diém 1,7s. K&t qua la thanh phan
ngang truc ctia dong dién stato bién thién nhw trén hinh 4
(hinh trén). Hinh 4 (phia du6i) cho thay uéc lugng dién tré
stato c6 két qua rat tot trong diéu kién c6 sy bién dong
manh vé diéu kién van hanh.

O i 1 L i 1
0 0.5 1 1.5 2 25 3

(10)

t[s]

04
5 02f 02855 -
& 0.285
I T

BT 16 18
g2 ; ‘ ‘ ‘ ;
0 05 1 15 2 25 3

t[s]

Hinh 4. Két qué quan sat dién trd stato

Twong tv nhe b6 quan sat dién trd, hé théng dé thiét ké
b6 quan sat dién cdm va tlr thdng duoc viét lai & dang phu
hop duéi day.

b) B6 quan sat dién cAm

Hé thong dé thiét ké bd quan sat dién cam duoc viét lai
& dang:

d. . 1 .
a|q = (Vq _qu —pmk)t—pmld
E(E):o

dt\L
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BO quan sat c6 cau tric (10) duoc st dung, trong do
X1 = ig Xo = UL f =—poig a, (t) = v, —Ri, —pok . KEt qua
guan sat dién cam dwgc thé hién trén hinh 5.
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Hinh 5. Két qua udc leong dién cam cla stato

M6 phéng duoc tién hanh trong diéu kién twong tu nhw
trweong hop woc lwgng dién tré va thu duoc két qua nhu trén
hinh 5. Mac du gia tri wéc lugng cla dién cdm nhay cam hon
voi st thay doi clia thanh phan ngang truc clia dong dién
stato nhwng két qua uéc lvong 1a co thé chap nhan.

c) Uéc lvgng tir théng

Hé thdng dé thiét ké bo tir thong c6 dang:

ii __2 w—iﬂR+£v —poi

gta PO Va POl

p (12)
— =0

dt

BO quan sat c6 cau tric (10) duoc st dung, trong do
i
Xp = g X = A fl=—pmid;ocl(t)=—fR +%vq —poiy. Kt

gué quan sat dién cam dwoc thé hién trén hinh 6.

4 T T T
< 2_“—)f~_—', mf
o

o ; i i i i

0 0.5 1 1.5 2 2.5 3

gx10° ts]
w
> 790 R R )
<

7.80 0.5 1 2 25 3

1:5
t [s]

Hinh 6. Két qua md phdng uoc lugng tir thdng clia nam chamvinh ciu

Diéu kién m6 phdéng duwoc ap dung giéng nhu trudng
hop wéc lvgng dién tré va dién cam. Kt qua wéc lugng tlr
thong cia nam cham vinh ctru rat hoi tu nhw dugc thé hién
trén hinh 6.

Tom lai, két qua mo phdng cho thay cac thong s6 co thé
duwoc xac dinh véi dap ng rat chinh xac dac biét la déi voi
dién tré va tir théng trong diéu kién thay déi clia tée do yéu
cau va twong ng véi sy thay doi clia thanh phan ngang
truc clia dong dién stato.

4. KET LUAN

Nhiéu phuong phap xac dinh théng sé khac nhau cla
MDDB-KTVC da duoc gidi thiéu nham dinh huéng Iya chon
trong trong cac (rng dung khac nhau. Tiép theo dé, mot bd
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guan sat cho hé bac hai da duoc dé xuat dé woc luvgng
thong s6 cia may. Uu diém clia b6 quan sat nay la cdu trdc
don gian va dé &p dung. Tuy nhién nhugc diém 1a méi xac
dinh duogc tirng théng sb riéng 1&. Két qua thu duogc co y
nghia nhat dinh khi tirng théng s6 phu thudc vao nhitng
yéu t0 nhat dinh nén co thé coi nhu cac thong s6 khac da
biét va can giam sat mot thong s6 dé giam sat tinh trang
clla may.

Trong céc nghién clru ti€p theo, mo6 hinh clia hé théng
sé duoc ti€p tuc phan tich dé cé thé dé xuét phuong phap
wéc lvgng dua trén sw lién két gitta cac bd quan sat thanh
phan hoac ap dung mét cdu trdc clia bd quan sat pht hop
dé woc lwong nhiéu thong sb khac nhau.
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