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Tém tit: Bai bdo dwa ra gidi phdp ddnh gid tham sé muc tiéu co dong dé hién thuc
héa ludt dan t6i wu trén co sé danh gid thich nghi da mé hinh. Pdy la phirong dn déap vmg va
thay thé c6 hiéu qua cdc gidi phdp triée khi gidi quyét bai todn thich nghi da mé hinh chuyén
déng ciia muc tiéu di dong véi 5 trang thdi chinh xdc hon va thoi gian nhanh t6i wu hon cho

cac bai toan truoc ddy trong cung nghién curu.

Tir khéa: Dén duong, diéu khién, loc Kalman, muc tiéu.

I. Dit vin dé

Trén co s& phat trién ctia nén khoa
hoc trong nudc ciing nhu trén thé gidi, viée
{mg dung va phat trién cho timg nhiém vy
va giai phap khac nhau nang cao chat luong
nghién ctru ung dung dé dat hiéu qua cao,
trong d6 ddy manh cac phuong phap danh
gia qualy thuyét b0 loc Kalman la lua chon
t8i wu vao nhiém vu. bap tng dugc muc
dich ctia nghién ciru “Danh gia tham sb cua
muc ti€u co dong dé thuc hién héa luat dan
t6i uu trén co s6 loc thich nghi da mé hinh”.

Trén co s& nghién ciru 1y thuyét va
ung dung b loc Kalman cho viéc danh gia
tham s6 cho muc tiéu co dong nhom tac
gia nhan thiy mé hinh 5 trang thai khéc
phuc dugc cac nhugce diém cua cac mod
hinh trang thai da nghién ctru cho bai toan
cu thé. Tuy nhién, khi muc tiéu thay ddi
cudng d6 co dong hay thay ddi tan sé co

dong thi hi¢u qua bd loc nay bi suy giam.
Mot giai phap dugc dua ra la sit dung mét
ngan hang bo loc, mdi bo loc s& twong tmg
v6imot gia tri cudng do hay tan sé co dong
cua muyc ti€u, qua dé s€ nang cao hi¢u qua
danh gia tham s cia muc tiéu co dong.
V61 tng dung thuat toan loc Kalman, viéc
danh gia cac muc tiéu co dong véi gia te
khong d6i da dugc giai quyét.

I1. Co'sé 1y thuyét xay dung bj loc
Kalman danh gia tham s0 ciia muc tiéu
co dong

Ngoai nghién ctru co so 1y thuyét co
ban két hop vé6i cac tai liéu k¥ thuat dé
1am rd mé hinh d6i tuong, thiét ké bo didu
khién, bén canh dé con dua trén phuong
phap thong ké, khao sat giai tich két hop
v61 moO phong trén may tinh danh gia cac
tham s6 ctia myc tiéu co dong.

* Khoa V6 tuyén dién tir, Truong Si Quan Khong Quan

+ Vién Thiét ké tau quéan su, Té)ng cuc CNQP
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2.1. Bj loc Kalman 4 trang thdi.

Xét vong diéu khién tu dan v6i muc tiéu co dong dang hinh sin [1]:
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s + RN y y+X Ty
o O™ ] ?—' [l
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Y

_a)Z -

V" vi tri twong doi khi co6 nhiéu, v: nhieu

Hinh 1. Mo hinh vong diéu khién tw dan véi muc tiéu co dong hinh sin

Gia thiét dau vao ham truyén 1a tap Tu hinh 1, ta ¢c6 cac phuong trinh
trang u, gia toc tén Ita n, va tan sb co mb ta vong diéu khién ty din voi muc tiéu
dong ctia muc tiéu o dugc biét trude va co dong nhu sau:
khong phai udc luong. o

B6 loc Kalman tuyén tinh 4 trang y_y
théi s& udc lwong dugc vi tri tuong ddi v, Y=Yr—n.
van tdc tuong ddi ¥, gia téc ctia muc tiéu Vr =7 M

¥, va toe d6 thay déi gia toc ciia muc tiéu 5=+
tire 1 dao ham gia toc ciia muc tiéu V. Vr Vr s
Biéu dién trong khong gian trang thai:

y O 1 0 Oy 0 0
y 0 0 1 O0fy -1 0
y = y + n. + )
Vr 00 0 1|y 0 0
'y [0 0 ~’ Olly;] [O] | ou, |

Qua cac phép bién d6i, ta thu dugc phuong trinh bd loc Kalman tuyén tinh 4 trang thai:

£ A ~ l1—cosx - X—Ssinx .
RES, =y, =~ Ty, ———— ¥ ————V; +05T7°n,
(0] (0]

A oA 2 l—cosx » X—sinx >
Vi =Via Ty + pe Yr, T e Yo~ 0.57; e, T KRES,

A A sinx » 1—cosx x
YVe=Vka T Yr, t >V, —Iin. +K,RES, )
10 10

Yy =cosx(yy )+

A

Yy =—wsinx(y, )+cosx(¥, )+K,RES,



Véi x=wl, (T: thoi gian ldy
mau)

Trong d6 K, 1a hé¢ s6 khuéch dai
Kalman dugc tinh todn trong khi bd loc
dang hoat dong tir phwong trinh Ricatti.

2.2. By lgoc Kalman mo rong 5
trang thdi.

St dung md hinh vong diéu khién
tu dan voi muc tiéu co dong dang hinh sin
& hinh 1, dau vao coi 1a tap tring u,. Cac
phuong trinh mé ta vong diéu khién tu dan
v&1 myc tiéu co dong nhu sau [1]:

y=y

j}zj}T — N

e @)
Yr=Vr

e 2 ..
r=—0 Yy +oug

Ta can thém mot phuong trinh thé
hién tan s6 co dong cua muc tiéu. Coi dao
ham cua tan s6 co dong ctia muyc ti€u la
tap trang u

w=U,
Qua céac phép bién ddi, ta thu duoc

phuong trinh bg loc Kalman m¢é rong 5
trang thai dang don gidn nhu sau:

RES, = y; - .);k—l
JA/k = j>k—1 +K1RESk
)7k - yk—l +K2RESk

A A Q)
9 =9, +K,RES,

A

ka =Vr, T K,RES,
@, =o, ,+ K;RES,
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I11. Phwong phap nghién ciru

Qua trinh nghién ctru dugc tién hanh
theo phuong phap nghién ciru 1y thuyét

gan voi mo phong thir nghiém.
3.1. Nghién ciru ly thuyét:

- Xay dyng mo6 hinh danh gia céac
tham s6 muc tiéu co dong theo 1y thuyét

b0 loc Kanmal;

- Ung dung 1y thuyét bo loc Kanmal
4 trang thai va 5 trang thai phan tich sy 6n

dinh cua bai toan dat ra.
3.2. Nghién ciru thwce nghiém:

- Kiém chimg két qua bai toan va
hiéu qua mo hinh hé théng vO1 muc tiéu co
dong thong qua mo phdng trén may tinh.

IV. Két qua md phéng, danh gia

Str dung md hinh hé théng dan dbi

v6oi muc ti€u co dong dang phirc tap nhu
hinh 2.

Ta s& mo phong mo hinh hé thong &
hinh 2 trén Matlab v6i cac truong hop: b
loc Kalman tuyén tinh 4 trang thai; bd loc
Kalman m¢ rong 5 trang thai; thuat toan
loc st dung ngan hang bd loc Kalman

tuyén tinh 4 trang thai.
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co dong
—O— s > 1D,

\

LAy miu —>( )—» B9 loc
Y Kalman

ﬂk

Y

Luét din

¥

Hinh 2. B loc Kalman trong mé hinh vong diéu khién tw dan véi khdau tén lira la khdu quan
tinh bac mot

Va cac gié tri danh dinh dau vao hé thdng sir dung mé phong trén Matlab:

Céc gia tri danh dinh dau vao hé thong

Tham s6 Pinh nghia Gia tri
n, Cuong d6 co dong cua myc tiéu 3g (96.6 ft/s?)
V., Vin tdc tén lira 3000 ft/s
i Nhiéu do dau ty din 0.1 mr
V. Vin tbe tiép can 9000 ft/s
T H:Q“lng §6 thoi gian hé thong diéu khién bay 0.5s
® Tan s6 co dong cua muc ti€u T 1+10 rad/s
te Thoi gian ty dan (thoi gian bay) 10s
T Thoi gian ldy mau 0.01s

4.1. Danh gia hiéu quda bo loc
Kalman mo réng 5 trang thai

T hinh 3 c6 thé thiy rang trong
truong hop tan sd co dong thuc té cua
muc tiéu 1a 2 rad/s va néu danh gia ban
dau veé tan s co dong cua muc tiéu la 3
rad/s (sai s6 danh gia ban dau 1 rad/s), bd
loc Kalman mé rong 5 trang thai co thé
danh gia t6t tan s6 co dong cua muyc tiéu
sau hon 4 giay.

Tuy nhién, néu danh gia ban dau vé

tan sO co dong cua muc tiéu 1a 4 rad/s (sai

s6 danh gia ban dau 2 rad/s), danh gia cua

b6 loc Kalman mé rong 5 trang thai vé tan

s0 co dong cia muyc tiéu s€ sai voi thuc t&

va c0 sai sb dang ké. (hinh 4)
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Hinh 3. Danh gia cua bo loc Kalman
mo rong vé tan s6 co dong cua muc tiéu
khi tan sé thuc té 1a 2 rad/s, danh gia 3

rad/s (sai sé 1 rad/s)

4.2. Danh gia hiéu quda bo loc
Kalman 4 trang thai

Néu tan sd co dong cua muc tiéu da
biét, bd loc Kalman tuyén tinh 4 trang thai co
danh gia rat tot vé gia tc ctia muc tiéu sau
mot khoang thoi gian ngan. (hinh 5)
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Hinh 6. Panh gia cua bo loc Kalman 4
trang thai khi tan s6 thuc té 1a 2 rad/s,
danh gia I rad/s.

Acceleration and Estimate (G)
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Hinh 5. Panh gia cua bo loc Kalman
tuyén tinh 4 trang thai khi tan so thiee té

la 2 rad/s, danh gia 2 rad/s

Tuy nhién néu thong tin veé tan so co
dong cua muyc tiéu la sai, danh gia cua bo
loc Kalman tuyén tinh 4 trang thai vé gia

toc cuia muc tiéu s€ thuc su xau di.
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Hinh 7. DBanh gia cua bo loc Kalman 4
trang thdi khi tan so6 thuc té la 2 rad/s,
danh gia 4 rad/s.

4.3. Danh gid hiéu qud thudt todn loc thich nghi da mé hinh

Xét trudng hop trong d6 ngan hang bd loc c6 ba bd loc Kalman tuyén tinh 4 trang thai. Voi

gid dinh rﬁng mdt trong ba bd loc 1a thuc sy chinh xac nghia 1a dugc gia dinh chinh xac tan s6 co

dong ctiia muc tiéu trong thuc té.



52

Mo phong véi tan sé co dong cua
muc tiéu trong thuc té 1a 2 rad/s. Bo loc
thir nhat trong ngan hang bo loc duogc gia
dinh véi tan sb co dong cuia muc tiéu la 1
rad/s, bd loc thtt hai dugc diéu chinh 1én 2
rad/s va bd loc thir ba duoc diéu chinh ¢ 4
rad/s. Do d6 bo loc chinh xac ¢ day 1a bg
loc thtt hai véi tan s6 2 rad/s.

Trén hinh 8 c6 thé thdy sau khoang
thoi gian hon 2 gidy thuat toan chi ra ring
bd loc chinh x4c nhiéu kha nang la bd
loc duoc gia dinh ¢ tan s6 2 rad/s. Va sau
khoang thoi gian hon 3 gidy thuat toan gan
nhu chic chin bd loc tan sb 2 rad/s 1a bo
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Hinh 8. Banh gia cua thudt toan loc thich

nghi vé bo loc co tan so chinh xac
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Hinh 10. Banh gia cua thudt toan loc
thich nghi da mé hinh vé gia toc cia muc

tiéu

Frequency (rfs)

loc chinh xac, xac suat chinh xac cua bo
loc bang 1 con xac suat chinh xac cua hai
b0 loc con lai tien ve 0.

Hinh 9 cho ta thdy mat khoang hon
3 gidy dé thuat toan hoan toan chic chin
bd loc nao trong ba bd loc 1a chinh xac,
diéu d6 duoc thé hién danh gia vé tan sd
co dong ctia muyc tiéu 12 bang vai tan sé co
dong cua muyc tiéu trong thuc té.

Hinh 10 ciing cho thay rang viéc két
hop cac danh gia trang thai cua ba bg loc
trong ngan hang b loc s€ mang lai danh
gia rat tot vé gia tdc cua muc tiéu sau
khoang thoi gian hon 3 gidy.
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Hinh 9. Banh gia cua thudt toan loc thich nghi

da mo hinh v’é‘ 1an sé co dong ciia muc tiéu

V. Két luan

No6i dung bai bao da chung minh
thuat toan loc thich nghi da m6 hinh st
dung mot ngan hang bo loc Kalman tuyén
tinh 5 trang thai c6 thé duogc st dung cho
muc dich danh gia tan s6 co dong cia myc
tiéu. N6 cho thiy rang viéc két hop cac
dau ra cua bo loc & dang xac suét s& mang
lai cac danh gia c6 do chinh xac cao vé
tan sb co dong cua muc tiéu va cho két
qua khong hé thua kém céc thuat toan loc
Kalman khac trong viéc danh gia cac tham
s6 ctia muc tiéu co dong.
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ASSESSMENT OF EVERY PARAMETER OF EVERY PERFORMANCE
MONITORING PRACTICE OPTIMIZATION LAW ON THE BASIS OF
MULTI-MODEL ADJUSTABLE FILTER

Vu Duc Hoan?, Vu Van Hieu®

Abstract: The article proposes a solution to evaluate the dynamic objective parameter

to realize the optimal conduction rule based on the multi-model adaptive evaluation. This

is an effective response and replacement of solutions before solving the problem of mullti-
model adaptation of moving targets with five more accurate states and faster optimal time for

different problems from previous calculations in the same study.

Keywords: Navigation, control, Kalman filter, target.
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