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PIEU KHIEN PONG CO KHONG PONG BQ KHONG CAN CAM BIEN TOC bQ SU
DUNG LOC KALMAN TRONG CAU TRUC CO TACH KENH TRUC TIEP
SPEED SENSORLESS CONTROL OF INDUCTION MOTORS USING KALMAN FILTER
IN STRUCTURES WITH DIRECT DECOUPLING

Nguyén Dinh Hiéu, Nguyén Phing Quang
Truong Pai hoc Bach Khoa Ha Noi

TOM TAT
Bai viét gioi thiéu mot céu truc diéu khién téc dé quay dong co khéng dbng bo rotor 16ng séc

khéng str dung cdm bién téc do ap dung nguyén ly loc Kalman. Hé théng diéu khién duoc xdy dung
theo phuong phép tua theo ttr théng rotor véi cau tric co téch kénh truc tiép. BO loc Kalman thir nhét
$é woc luong ter théng rotor. Sau dé téc do quay cla dong co sé duoc bé loc Kalman thtr hai wéc
lwong dwa trén gid tri ttr théng thu duoc & trén. Viéc mé phdng kiém ching duoc thuc hién trén nén
phén mém Matlab & Simulink va PLECS. Két qué mé phdng cho thdy phuong phép diéu khién nay
dam béo duoc tinh 6n dinh ctia hé théng, dé chinh xéc cua viéc wéc luong tir théng va tée dé quay la
khé tét & ca qua trinh déng tai va dao chiéu.

ABSTRACT

The paper presents a speed sensorless control structure for induction motors with squirrel-cage
rotor using Kalman filter algorithm. The control system is designed by using the method rotor flux
orientation with direct decoupling structure. The first Kalman filter is used to estimate the rotor flux.
Then speed is estimated by the second Kalman filter using the estimated flux. The validation is carried
out by simulation with the software Mathlab & Simulink and PLECS. The simulation results show that
this speed sensorless control method preserves the system stability, and the accuracy of rotor flux and
speed estimation are good in both load imposition and speed reversal process.

Chir viét tit phai tim hiéu, thiét ké nhimg phuong phap dé
DCKPB  Pong co khong déng b6 c6 thé ap dung, cai dat né mot cach dé dang va
TTHCX  Tuyén tinh hoa chinh xac it ton kém vao cac hé diéu chinh TR dang
TR Tua theo tir thong rotor duoc ban trén thi truong.

I. PAT VAN PE Ngoai ra, PCKDPB c6 hai dic tinh phi

2 R , tuyén ma nguoi lam diéu khién can phai chi y
Trong cac hé thong truyén dong sir dung S A C ks IO
> s ooy e . do 1a cau trac phi tuyén va tham so phi tuyén.
DCKDB hién dai déu yéu cau c6 duong phan
hdi téc d6 cua dong co, do do viéc sir dung cam Trong tai liéu [ 1], cdc tdac gia da chi ra rang
bién téc do gan nhu la mot didu tat yéu. Tuy Zac ”’Zh phi tZy en thwhnhatdchz i{‘;lthe k};lan hyc
nhién diéu do c6 thé lam giam d0 tin cdy cua hé Loc bang phvong phap diet kien pht fuy en,
A o . - . . R con ddc tinh phi tuyen thw hai sé dwoc xur ly
thong dgc biét trong nhiing mot truong khor‘lg bang phirong phap nhdn dang va thich nghi. Va
than thi¢n va lam giam loi thé cua cz}c h¢ Eruyetn phuong phap diéu khién phi tuyen duoc cac tac
dong su dung DPCKDB. Chinh vi thé da dan dén gid lua chon la TTHCX.

y tuong loai bo khau do tbe do quay trong hé et o
Bai vict nay gioi thi¢u phuong phap dicu

théng. .2 X n A X A
i o khién ma khoéng can do toc do quay theo
. Cécq phuong thip de g{él quyét van qé nguyén 1y loc Kalman trén nén hé diéu chinh
“diéu khién khong can do toc do quay” rat TR v6i cdu tric ¢6 tach kénh truc tiép trong

phong pht va da dang. Tuy nhién, nhu ching ta [1,2].
d3 biét cac hé diéu chinh T*Rdad dugc tmg
dung rat rong rai trong thuc té. Vi vay, can thiét
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II. PHUONG PHAP DPIEU KHIEN SPEED
SENSORLESS THEO NGUYEN LY LQC
KALMAN

2.1 Nguyén ly lgc Kalman

Theo [3] nguyén ly loc Kalman la mot
nguyér] ly “du bao — hi€u chinh” sir dung thuat
toan hoi quy dé ude luong bién trang thai cua
h¢ thong da xét dén anh hudng cua nhicu do
cling nhu nhiéu hé thong.

Xét mot hé tuyén tinh véi khong gian
trang thai nhu sau:

Xer = AX +Bu +G &,

(1)
Y =CX+n,

voi: U, X,, Y, lan luot 1a vector dau vao,
vector trang thai va vector dau ra cua hé théng;
A B,,C,,G, lacac ma trin hing.

€., M. la vector nhi€u trang thai va
vector nhidu do dugc gia thiét 1a nhidu tring
Gaussian c6 ky vong 0 véi Var(g,)=Q,.
Var(n,) =P, 1a cac ma trén xac dinh duong

vaE(&, n/ )=E(X, & )=E(X, n;)=0.

bé udc luong cac bién trang thai cua hé,
bd loc Kalman thuc hién hai qua trinh hoi quy:
“di bdo” va “hiéu chinh”.

L’kﬂ

X1 k- Prt1k !

Dy bao (“Predict”)

Hiéu chinh (“Correct”)

(1) Dw bao vector trang thai
Xine = Akxk,k +B,u,
(2) Tinh phwong sai ciia gia tri dw bao
_ T 7
Pew = AP A +G,Q,G,

K

Xespor = X T Ko (Vi — G X))

i (5) Xac dinh ma tran phwong sai ciia sai 1éch wéc lrong
Xz 1, P _
k’k k’k Pk+1,k+1 - (I 3 Kk+1Ck+1 )Pk+1,k

k+1

(3) Tinh ma tran Kalman

_ T T -1
e Pk+1,ka+l (Ck+1Pk+1,ka+1 + Rk+1)

(4) Tinh vector trang thai

Hinh 1. Thudt toan co ban cuia nguyén Iy loc Kalman

Trong do:

%, = E(X,)la diém bat dau thuc hién thudt

toan dwoc hiéu nhw la gia tri woc lwong ban
ddu cua vector trang thdi.

Xy la gia tri ngogi suy cua X, tw gid iri

wdc luong truce do X, .

Xi1x1 = Kqa la gia tri woc luong cua X,

theo nguyén Iy Kalman tir 'y, _, .

Pesia =Pea=Var(e,,) la ma trgn

phuong sai cua sai léch €, ., =X, -X 4
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K la ma trdn Kalman. K duoc xdac dinh sao cho

J,=) E(e"e) min (e=x-X)

2.2 M6 hinh trang thai cia PCKDB

Theo [2] sau khi TTHCX mé hinh dong
cua DCKDB ta thu dugc md hinh dong méi co
dac tinh tuyén tinh la:

Isd - Wl (2)
Isq — WZ

Ta str dung thém cac phuong trinh cua tir
théng va mémen la:
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: 1. 1.

wr/d :T_Isd _T_wr/d (©)
My, _2 p II__mwrd sq_EZmez/}rd sq (4)
—d=m, —m, ®)

Zy

Cung véi két qua thu duoc sau khi
TTHCX: su tach kénh hoan toan giira thanh
phan tao tu thong (truc d) va thanh phan tao
momen (truc q), ta c6 2 mo hinh trang thai con
la:

e Phan dién:
{)’(l =AX, +Bu,
Y =Cx

Trong do

(6)

e Phan co:
X, =AX,+B,u, +D,n,
{yz =C,X,
Trong @6 :

o

0
L
J

2.3 Ap dung nguyén Iy loc Kalman cho
PCKDB

DPé uoc luong tir théng va tbc do quay
cua dong co ta can tién hanh cac budc nhu sau:
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e  Gian doan hoa mo6 hinh trang thai cla cac
hé con.

e Xic dinh cac ma sai

G,;R;;P;Q, (i=1,2).

trdan phuong

e  Thuc hién thuat toan theo nguyén ly loc
Kalman va hiéu chinh.
1. Gian doan héa moé hinh trang thai

Theo [4] khi tién hanh gian doan hoa mo
hinh trang thai st dung phuong phap tich phan
gan dung Euler ta c6 :

A,=1+AT B,=BT C,=C

trong d6 A,B,C 1a ma trdn ctia m6 hinh trang
théi lién tuc; A4, By, C,

hinh trang thai gian doan; | 1a ma tran don vi va
T 1a chu ky trich mau. Tt d6 ta thu dugc mo
hinh trang thai gian doan cua cac hé con la:

Phan dién:

14 ma trin cia mod

{xl(k +1) = A% (k) + B U, (K) @
y;(K)  =CyX (k)
Trong do:
100 50 0 = ], 00 [, )
10
AuL=|T T|.By= H; Cu=[ 0
T 1—Tr 0
Phan co
{xz(k )= Ao (0Bl (94 Dy K)
Yo(k)  =Cyx, (k)
Trong do :
0= 00 —[ue )
Y, (k) =[my, (K)] ; n, (k) =[m, (k)]
to KT
A, =Tz, l;dez 0 ;Cp=[1 0]

va coi mdmen tai m,, 1a nhiéu.
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2. Xac dinh cac ma trgn phwong sai

Thoéng thudng cac ma tran déu duoc chon
c6 dang duong chéo.

Theo [5] cac ma tran phuong sai
G,Q,R,P luén dugc xéac dinh bang qua trinh thir
va stra 16i (trial-and-error process). Gia tri cua
cac ma tran d6 s€ duoc chon sao cho binh
phuong sai léch gitra toc do wdc luong va toc
d6 thyc ctia dong co la nho nhét. Ciing trong tai
lidu ndy, cic tac gia ciing néi rang viéc chinh
dinh b'flng tay bd loc Kalman st dung qua trinh
thir va stra 161 dé xac dinh cac ma tran phuong
sai dugc thuc hién kha don gian. Tuy nhién qua
trinh d6 ton nhiu thoi gian va két qua phu
thudc rat nhiéu vao sy nd lyc va kinh nghiém
ctia nguoi van hanh. Néu nhu sy phan bd nhidu
luén khong biét duoc, thi khong thé suy ra duoc
mdi quan hé chung giita gia tri cac phén tir ciia
ma tran voi chét lugng cta bd loc Kalman phuc
vu cho viéc xé4c dinh cdc ma tran d6 dé dat dugc
két qua ude luong tde do tot nhat.

Ngoai ra theo [6] ta s& phai chon Q cd
gia tri nhé hon R dé qué trinh qua d6 nhanh
hon.

3. Thyee hién thudt todn

Trong [7] céc tac gid da dva ra giai phap:
st dung mo hinh con phén dién d€ udc lugng
gia tri tir théng con m6 hinh con phéan co phuc
vu vi€e tinh toan toc dg. Dong dién stator s&
duoc do, sau d6 chuyén sang hé toa do dq. Tu
thanh phan dong i, va W, ta s& tinh dugc tir
thong ¢y, . Tur thanh phan dong iy, va gia tri tir
théng ¢, tinh dugc ta s& thu duoc gia tri
moémen dong co M, . Vi gid tri momen nay
cing W, ta sé tinh duoc toc do quay w véi
viéc coi moémen tai m, 1a nhiéu cia viéc xic
dinh m,, .

e Udc luong tir thong tir md hinh con phan
dién

Thuét giai:
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)A(o = E(Xo)

o = Var(x,)

qv)

)A(k,kfl = AgXicris T Bali

Peis =AuP Ay’ +G,1Q,,Gry
Ke = Pk,kflcle (Cdlpk,k—lcle + er1
P = (1- Kdel)Pk,k—l

Xk =Xea K (Y —CyXia)
k=12,..,

(10)

Trong do :
= o e =00y, = 0]
Chon cic ma tran phirong sai -
P(0)=P,, = (1) ; R=[10""];
)

e Udc lugng toc do tir mo hinh con phan co :

Thuat giai:
)A(o =E (Xo)
Poo =Var(x,)

Kk = Ad Xk T Bd2uk—l

Pok1= AdZPk—l,k—lAdZT +G, Qi .Gy (1)
K =PeaCy zT (CdZPk,k—lCd 2T + Rk)il

Pk,k =(I _KdeZ)Pk,k—l

X =X T KV = CyoXie )
k=12,..,

Trong do:

my, (k)
w(k)

K=

;U =W, (K)T; v = [my, (K)]

Chon cac ma tran phuong sai :

10
PO =Py |1 o:R=[200
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10° 0
0

G=Q=

Két qua mé phéng

Qua trinh mé phong phuong phép diéu
khién speed sensorless theo nguyén 1y loc
Kalman duogc thyc hién trén Matlab & Simulink
va Plecs.

200 ! ! ] ;
: : /_oad imposed
150 [-ovceeneeneas e TS e beoneceneaes .
L 100F esff,f:je/ """"" Esfrﬁ-iatéa """"""""""""" a
£ H speed :
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B0 R R & o P PETEE FRTTTS [ R Seeeeea R .
L
& Real speet]
Ot 4
7 SRR S — SRS NS0 U O — .
00 [ AN e -
150 : : : :
0 0.2 04 0.6 08 1
Time{sec)

(b) Toc dd quay w

Hinh 2. Két qua mé phong trong trong hop van hanh Iy twéng

200 ; ,
: : L.oad im osed
/ P
L e T S e ;‘ """""" i
speed :
0 1110 RS N N S S S A | - S -
3 Real speéd :
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(b) Tdc dd quay w

Hinh 3. Két qua mé phong trong trieong hop vin hanh c¢é nhiéu
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(a) Dong iy va tir thong v,

KET LUAN

Bai bdo gi¢i thiu phuong phap didu
khién khéng sir dung cam bién toc do cua
DCKPB. Hé théng diéu chinh dwoc xdy dung
theo phuong phap fwa theo tir thong rotor su
dung cdu triic tach kénh tryc tiép. Céu trac tach
kénh tryc tiép 1a cdu triic diéu khién phi tuyén,
duwoc thiét ké theo phirong phdp tuyén tinh héa
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chinh x&c c6 ban chét 1a chuyén hé toa do trang
thai.

Két qua mo phong da cho théy trién vong
t6t dep dé dua phuong phap dleu khién khong
ding cam bién vao thuc té cong nghiép.
Phuong phép thiét ke theo nguyén ly loc
Kalman di dugc dé xuat c6 kha nhiéu wu diém
nhu kha ning khang nhiéu manh, dé mé rong
va con c6 thé cho phép ude luong dong thoi
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nhiéu bién trang thai hodc/va két hop véi viéc khin ¢ dai toc do thap cta truyén dong khong
nhan dang, thich nghi tham so. dung cam bién ciing chua khac phuc duoc , day
1a mét van dé con dé ngd, can dugc nghién cuu

Tuy nhién viéc ton tai sai léch tinh, khoi N A
sau thém nira.

luong tinh toan 16n van con 1a nhitng diém gon
cua phuong phap can dugc xem xét. Nhitng kho
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