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TOM TAT

Bai bao trinh bay giai phdp ing dung cdc phan tir do vi co quadn tinh va bé loc Kalman dae
xac dinh tham so ciia chuyén dong quay. Pong thoi ciing diea ra gzal phép xdc dinh tham s6 mé
hinh ciia mot s6 doi twong chuyén dong quay thwong gap trong cdc khi tai quén sir.

Tir khoa: Loc Kalman; Vi co quan tinh; Tham s6 mé hinh; Chuyén dong quay.
1. MO PAU

Trong céc khi tai quén sy, thuong cd cac co ciu chuyen dong quay (bé phdo, bé tén lura, b¢
cac rada, bé cac khi tai quan sat). Dé dleu khlen cac co cau quay nay dat chat luong cao, dat d§
chinh xac, d¢ tac dong nhanh theo yéu cau cin phai c¢6 thong tin vé mé hinh mo ta ddi twong nay.
Céu tric ciia md hinh c¢6 thé xac dinh nho cac phwong trinh toan 1y. Tuy nhién, tham 50 ciia mo
hinh dbi tuong nay co thay doi trong cac lan sir dung khac nhau (do cac yéu t6 nhur thoi tiét, do
bién doi cuia cac 6 truc) va co thé thay d01 bién thién trong mdi lan hoat dong nhu: Momen quén
tinh cua kénh huong phu thude vao goc tam (goc quay tam va huéng phu thudc vao quy dao muc
tiéu cua dbi phuong). bay 1a yéu t6 co tinh ngau nhién, khong phu thu¢c vao chu thé didu khién.
Chinh vi vy, can phai hiéu chinh tham sé mo hinh trong qué trinh hoat dong cua cac khi tai co
hé quay. Viéc hiéu chinh tham s6 mé hinh s& giup cho viéc hiéu chinh tham sé bo diéu khién
(luat diéu khién), tir 46 nang cao chét luong diéu khién.

Nhu vy, can phai giai quyét van dé nhan dang (xac dinh) tham s6 mo hinh. C6 thé dua vao
thong tin tin hidu didu khién va dau ra cta d6i twong dé xac dinh tham sb mé hinh. Tuy nhién,
viéc doc thong tin vé hai tin hidu nay ludn ¢ nhidu va cac yéu t6 khac cua thiét bi do nén doi hoi
phai c6 cac giai phap mang tinh hoc thuat. Viéc dung cac thiét bi do vi co quéan tinh dé do dac
dugc nhidu tai lidu dé cap [1-3]. Dé sir dung thiét bi vi co quan tinh do luc va tbc do chuyén
dong, cac tac gia trén da Gmg dung bd loc Kalman dé két hop thong tin ciia nhidu phwong tién do
khac nham khir yéu t6 troi vé nhidu. Tuy nhién, d6i v6i vat chuyén dong quay (tam khéi bat
dong) thi can phai c6 giai phap khac. Viéc xay dung thuét toan nhan dang cho cac ddi tugng pho
quat da dugc trinh bdy ¢ gido trinh [4]. Tuy nhién, dbi véi ddi tuong chuyén dong quay c6 sb
phuong trinh it hon s tham sé can nhan dang, can phai co phat trién tiép theo.

2. NOI DUNG CAN GIAI QUYET
2.1. Xay dung giai phap xac dinh tham s6 mé hinh
Xét mot hé chuyén dong quay hudng (quay xung quanh mot truc thang ding), goi  1a toc do
quay, J 1a Momen quan tinh cta hé, p 1a h€ s6 can. Phuong trinh co ban cua hé quay sé€ la:
d
]2+ pw(t) =M (1)

Trong do, hai tham sé J, p thay d(f)i trong qua trinh hoat dong, tirc la chiing ta c6 hé tuyén tinh
khong dung. B¢ thiet ké dugc bo dicu khién tao ra mé men M dat yéu cau thi can phai c6 danh
gia (nhan dang) dugc gia tri J va p.

Gia str phuong trinh (1) dugc roi rac héa vai budc At ching ta sé c6 phuong trinh:

38 T. X. Khanh, T. D. Thudn, “Xdy dwng gidi phdp xdc dinh tham sé ... chuyén dpng quay.”



Nghién ctru khoa hoc cong nghé

J o2+ pw(i) = M(i) )

Hoac:
D pw(i) = M(D) 3)

Hoac:
J(w(@ — w(i - 1)) + p. Atw (i) = At. M (i) (4)

Tu phuong trinh (4) ta nhan thay neu do duoc céac gia tri w(i), M () va xac dinh dugc At thi
ching ta c6 phuong trinh v6i hai an s6 J va p. Vé mit toan hoc, hai an sb véi 1 phuong trinh s&
cho ta vo s6 nghiém J va p. Bé giai dugc, ching ta xay dung phuong trinh thir 2.

D& dang nhan thay, & mot thoi diém k khéc i ching ta s& c6 phuong trinh véi hé sé khac tir
phuong trinh (4):

J(w(k) — w(k — 1)) + p.Atw (k) = At. M (k) (5)

V& mit ly thuyét tir hai phuong trinh (4) va (5) s& cho nghiém duy nhét véi J va p. Céc gia tri
w(i) va M (i), w(k) va M(k) la cac sb do duoc nho cac thiét bi do. Tuy nhién, thiét bi do cho ta
gia tri khac vai gia tri thuc do cac nguyen nhan vé thlet bi do va phuong phép do. Nhu vay, gia
tri ] va p nhan dugc cling ¢6 sai s6. Bé khic phuc van dé nay, ta dé xuat giai phap sau. Lay mot
s6 luong N vi tri cac sb lieu w(i), M (i), sau d6 1dy cé4c gid tri trung binh. Pat:

Aw =w() —w(@i—-1) (6)
Phuong trinh (4) c6 dang:
1 onN . 1 oN . 1 oN .
J G Ziz1 Aw (D) + p(At - Xisq w(D)) = At. =3y M(D) ()
bat]=x,p=yva
=23 Aw@) = 23X, 0@) - 2 w(i - 1) ®)
b=AtETE 0@ (©)
c= AtEZth(l) (10)
Vay ta c6 phuong trinh:
ax+by=c (1)
Tiép tuc thuc hién N 1an lay sé liéu tiép theo, ching ta s& c6 phwong trinh thir hai:
a.x+b.y=c (12)

O ddy, ay, by, ¢; dugc xédc dinh tuong tu (8), (9), (10). Tur phuong trinh (11), (12) c6 thé xac
dinh duogc x,y tic 1a J, p. D¢ dang nhan thay, dé hé (11), (12) c6 nghiém duy nhat thi can phai
théa mén:

a,.b #a.b; (13)

Tuc la:

6= a;.b—a.b; (14)

& cang lon thi do chinh xac khi xéac dinh J, p cang cao. D& c6 dugc diéu nay thi ham Momen
M (i) va M (k) cua hai lan thyc nghiém phai khac nhau.

Nghiém x sé duogc xac dinh nhu sau:
c.by—c1.b

' enas o
__aci—ag.
p= a.bi—aq.b (16)

) Dé tao ra M (1), M (k) khac nhau can dua chuong trinh thay dbi dién &p cip vao dong co quay
doi tuong hai lan thi nghiém véi hai chuong trinh thay doi khac nhau.

Tap chi Nghién ciru KH&CN quin su, 90 (2023), 38-44 39



K7 thugt diéu khién & Dién tiv

Tur céc cong thuc (8), (9), (10) cho thdy, dé xac dinh duoc céc hé sb a, b, ¢, al, b1, ¢l can
phai do hodc bang giai phap nao d6 xac dinh dwoc day s liéu w(i) va M(i). Van d& nay dugc
giai quyét bang cach dwa cac phan tir vi co dién tir (con quay vi co va gia toc ké) vao co cau
quay.

Con quay Vi ¢6 cho ta thong sb c6 dang:

O=w+b+pu, (17)

Trong do:

w - T6c d6 quay that;
b - Gia tri d6 trdi (Phu thudc vao nhiét ¢ moi treong);
- Gia tri nhidu do ¢ dang 6n tring.

Gia toc ké cho ta thong tin:

A=A+, (18)

Trong do: A la gia téc cla fiiém dit gia toc ké va co phuong tring voi phuong cua gia toc ké;
Ug 12 gid tri nhiéu do c¢6 dang on trang.

Nhu vay, khong thé ¢ thdng tin w va A tir viée doc tryc tlep théng tin tir gia téc ké va con
quay vi co. Dé giai quyét van dé nay dé xuat giai phap dat cAc phan tir ¢ nhu sau:

Al

0 @— —o A2

Hinh 1. Bé tri cac phan tir vi co hé quay.
Gia tdc ké Al cho ta thong tin vé Momen lyc M;), con gia toc ké A2 cho ta thong tin vé gia
tdc phép tuyén cua chuyén dong quay. Tuc la:

Ay = 0P + gy (19)
Ay = My + Uas (20)
Gia str c6 thdng tin A;p;; ¢ thoi diém roi rac thi tir (20) co téng sau:
1 ~ ., 1
Nzlivzl A (D) = N LiMQ@) +~ Zl 1 Ha1 (@) (21)
Theo ly thuyét xac suat khi u,41a 6n tring va
1 .
;2?’:1 a1 (@) ~ 0 (22)
Khi d6:
~¥N Ay () = - X M) (23)

Nhu vay, tu thong tln cua gia téc ké A4, chung ta co thong tin dé giai phuong tr1nh (11) va
(12) xéc dinh cac tham sé do J, p ciia md hinh, con thong tin vé w(i) s& duoc giai quyét trén co
s¢ ap dung bo loc Kalman.

T phuong trinh (17) cé:

W@y = 0@ — b= He (24)
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Vi b 1a @6 troi, bién d6i cham va gan nhu khong thay ddi nén cé thé coi:

by = b(i-1) (25)
bat: X1 = w, x=b (26)
Ta c6 hé phuong trinh:
{x1(i) = @) — %) — U (27)
x(0) = (i — 1) (28)
bat:
X=(x;x)T (29)
Khi d6:
X =F(X@{— 1)+ Guc() (30)
Ta cd thé viét lai cong thic (28) la:
_ fi _ a(i) — x,(0)
F= (fz) = ( %, (i) ) (31)
6=(y) (32)
T phuong trinh (19) c6 thé dat phuong trinh sau:
z(i) = rxf (D) + Haz (33)

Hai phuong trinh (30 va (33) 14 co s& dé xac dinh luat loc Kalman.
2.2. Ung dung phuwong phap loc Kalman cho viéc thu thap dir liéu
Xét qua trinh cong nghé dugc mo ta bdi hé phuwong trinh dong hoc dudi dang rdi rac nhu sau:
X)) =FX(k-1)+Gewk-1) (34)
Z(k) = h(X(k)) +v(k) (35)
Trong d6, X (k), X(k — 1) la trang thai cua vecto trang thai X (vecto n chiéu) & budc thir k va
budc thir k+1;
Z (k) 1a gié tri cia vecto dau ra (vecto m chicu, thuong m=n); o
w(k — 1), v(k) la vecto nhicu dong lyc va nhiéu do c6 dang nhicu trang vei ky vong
toan hoc bang 0: w(k)~N,gy ; v(k)~N(or);
F(X(k — 1)) la vecto ham sé budc thir k-1:

F=(f,fo " (36)
h = (hy, by, o, hyy)T (37)

Trong do, fi, f>, ... f, 12 cac ham phi tuyén véi biéu sb cua vecto X.
hy, Ry, ..., By, - Vecto ham sé h.
Ma tran hiép phuong sai ctia vecto sai s6 danh gia trang thai vecto X nhu sau:
P = e([X (k) = XUO][X (k) = X(O] (38)
Trong d6, € la ky hiéu ky vong toan hoc.

Thu tuc cua thuét toan danh gia trang thai X trén co s& vecto quan sat Z theo Kalman [5, 6]
nhu sau:

R_(k) = F(R,(k - 1)) (39)
Ok — 1) = 2 |y_g, ge-1) (40)
2(k) = h(X_(k)) (41)
H(K) = 52 x—2_) (42)
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P_(k) = ®(k — 1)P,(k — DT (k — 1) + G(k — 1)Q(k — DG (k — 1) (43)
K(k) = P_(k)H" (k) (H(K)P_(k)H" (k) + R(k))~* (44)
X (k) = X_(k) + K(k)(Z (k) — Z(k)) (49)
Py (k) = (I = K(k)H(k))P-(k) (46)

Trong do, I - Ma tran don vi.

Nhu véy, dé tién hanh loc Kalman trén may tinh, can xac dinh vecto ham F(.) (tirc 1a cac ham
fi far - fn), ham h() (tac 1a cac ham hy, hy, ..., hyy) va cac ma tran Q(k) va R(k) (dac trung
nhiéu dong hoc va nhiéu do).

Tu (31) va (40) ta co:
aF 0 -1
Ok =1 =35 lx=2,0-1) = (o 1 ) 0
Tir (37) va (42) ta co:
oh X
H(k) = ox lx=2_00 = <2TX6(K) 8) )

3. MO PHONG, TiNH TOAN, THAO LUAN

3.1. Xac dinh tham s6 mé hinh J, p
Xét tin hiéu dau vao o va M c6 dang tin hiéu nhu sau:

—= = = =
=] ha - =]

e
Momen quay [N.m]

Tbe db goc [dd/s]

| ‘ ‘ ) 0s ’ 15 > 25 3
) 0.5 1 15 2 25 3 Thoi gian [s]
Thoi gian [s]
Hinh 2. Tin hiéu toc dé géc w. Hinh 3. Tin hiéu Momen quay M.
Tir phuong trinh (15) va (16), thong qua qua trinh 1ap ta ¢ két qua md phong J, p nhu sau:
1.45 . ‘ ‘ ‘ . 02 . ‘ . ‘ .
0.195

M 019}
g‘ 0.185
fus @
= g 018
£ £
el ‘E 0.175
< 131 juny
g 0.17
=

1.25F 0.165 [

0.16[
12 ! ‘ ‘ : ; 0.155 ‘ : ‘
o 0.5 1 1.5 2 25 3 o 0.5 1 15 2 25 3
Thoi gian [s] Thai gian [s]
Hinh 4. Gi& tri Momen quéan tinh J. Hinh 5. Gid tri hé s6 ma sdt p.
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3.2. Sir dung loc Kalman dé x4c dinh o tir phwong tién do
Xét tin hiéu do dugc cua o khi tinh dén nhiéu tap va nhiéu troi.
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12
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2 8r

S

‘E 4t Tin hiéu thuc
ol

1] 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3
Thoi gian [s] Thai gian [g]
Hinh 6. Gia tri sai so giira tin hiéu thyc va tin Hinh 7. Tin hiéu thuc va tin hiéu do khi co
hiéu do khi c6 nhiéu va troi. nhiéu va troi.

Khi str dung bo loc Kalman dé loc tin hiéu e tir con quay.
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Hinh 10. Tin hiéu téc dé goéc c6 va khéng cé loc Kalman.

o 0.5 1 15 2 25 3

Hinh 9. Tin hiéu thuc va tin hiéu sau loc Kalman.
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Nhdn xét: Qua dd thi hinh 10 cho tha"iy nhd bo loc Kalman di xac dinh duge tham sb tdc do

gdc voi do chinh xac cao khir dugc d6 trdi do nhiéu gay ra.

4. KET LUAN
Bai bao tap trung xay dung giai phap xdc dinh tham s mo hinh d6i twong chuyén dong quay

J, p thong qua vi€c xdc dinh toc do quay ® va Momen M bang viéc doc tin hiéu tir con quay vi

cOo

va gia tbc ké A1, A2. Bai bao ciing da dua ra giai phap tmg dung phuong phap loc Kalman dé

x4c dinh chinh xac gia tri doc duoc tir con quay vi co do anh huéng ciia nhiéu va do tréi. Cac
thuét toan nay s€ c6 gia tri dé xay dung cac thuat toan di€u khién dat chat lwong cao nham nang
cao do chinh xac bam muc tiéu co dong.
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ABSTRACT
Building a solution to determine the model parameters of rotational motion object

This paper presents a solution for applying inertial micromechanical measurement
elements and a Kalman filter to determine the parameters of rotational motion object. At
the same time, it also provides a solution to determine the model parameters of some
rotational motion objects commonly encountered in military equipment.

Keywords: Kalman filter; Inertia Microechanical; Model parameters; Rotation.
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