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TONG HOP THUAT TOAN XAC DINH TOA DO GOC
MUC TIEU CO'DONG TREN CO'SG NG DUNG KY THUAT

DIEU KHIEN HIEN DA

SYNTHESIZED ALGORITHM TO DETERMINE THE MANEUVERING TARGET ANGLE COORDINATES
ON THE BASIS OF APPLYING MODERN CONTROL TECHNIQUES
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TOM TAT

Hé xdc dinh toa do gdc muc tiéu toi uu la m hinh gia toc phap tuyén khdng
dai dién cho moi chuyén ddng co dong ctia muc tiéu [3, 4]. Vi vdy, sai s6 danh gid
toa do goc muc tiéu sé tang khi chuyén dong thuc té ctia muc tiéu khdng phu hop
v6i md hinh gia toc phap tuyén gia dinh. D& khac phuc nhuoc diém dd, bai bao
nay dé xuat mgt phuong phdp nham nang cao do chinh xdc xac dinh toa d9 gdc
clia muc tiéu trén co s& tng dung va phét trién cac thudt toan loc thich nghi,
nham dép ting véi su co dong ctia muc tiéu. Khi muc tiéu co dong, dong hoc clia
nd tac dong truc tiép tdi bo loc dénh gid toa do goc duong ngam. Do do, van dé
nang cao dd chinh xdc dugc thuc hién khi st dung thudt toan thich nghi trong bd
loc danh gid toa do goc duting ngam.

Tir khod: Muc tiéu, co dong, toa dd gdc, thich nghi mo.

ABSTRACT

The optimal target angular coordinate determine system is a non-
representative normal acceleration model for all target maneuvers [3, 4].
Therefore, the target angular coordinate evaluation error will increase when the
actual motion of the target does not match the assumed normal acceleration
model. To overcome that drawback, this paper proposes a method to improve
the accuracy of determining the angular coordinates of the target on the basis of
application and develops adaptive filtering algorithms to respond to maneuvers
of the target. When the target is maneuvering, its dynamics directly affect the
line-of-sight angle coordinate evaluation filter. Therefore, the problem of
improving the accuracy is realized when using the adaptive algorithm in the line-
of-sight angle coordinate evaluation filter.
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1. MO HINH KHONG GIAN TRANG THAI TOA PO GOC
MUC TIEU

M6 hinh khéng gian trang thai toa do6 gdéc muc tiéu
dugc xay dung nhu trong hinh 1.
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Hinh 1. Tuong quan gilia tén Ifta va muc tiéu
$,,0, dugc danh gia bdi bo loc riéng da dugc tng
hop [4];

9, @, dugc danh gia bai b loc riéng da duoc téng hop
(3,45

¢, w, khong dugc danh gia ma tién hanh danh gia o,
va w,,.

M6 hinh khéng gian trang thai ban dau @, va w,:
q)m(k) = (pm(k_1)+Twm(k_l) 1 (Pm(o) = (me

W (k)= (1-Tag )y, k-1)+&, (k-1),0,0)=w,, (1)

G(K) =K [om (k) =@, (k)] + &, (k) @)

2. THUAT TOAN XAC PINH TOA PO GOC MUC TIEU CO
PHAT HIEN CO PONG TREN CO SG NHAN DANG THAM
S6 MO HINH TRANG THAI

Qua trinh nhan dang la tao ra danh gia (i)ij cla D - Khi
muc tiéu khéng co dong, ci)ij trung vai gia tri tién nghiém
@y bd loc danh gia toa d6 goc dudng ngam la bd loc
Kalman thong thuong. Khi muc tiéu co dong, (i)ij khac @ i
<f>ij sé thay thé cho @, trong thuat toan loc[1, 21.

Quy tdc phdt hién thdi diém co déng

|(IDij - (iJU- >\

j» trong d6; A - Nguéng.
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trong d6; Q; - Trong s6; A, - Ngudng.
Thudt todn nhdn dang tham sé mé hinh trang thdi

Qué trinh: x, (k) = @, (k- DE, (k1) + &, (k1) (3)
Véc to danh gia:

alk) = [ @y (k-1), @y (k-1 D (k- 1) ] (@)
Quan sat: z(k) = M, (K)a(k) + € , (k) (3)

Phuong trinh trang thai cla a:

a(k)=a(k-1)+&,(k-1) (6)

Ap dung thuat toan loc Kalman cho quéa trinh (6) va
quan sat (5) sé nhan dugc thuat todn nhan dang ma tran .

Thudt todn ddnh gid toa dé géc dudng ngdm

Thuat toan danh gia ¢,, w,, dugc xac dinh bai [4]: véi
S =1; Van dé con lai la tim thuat toan nhan dang O. Véc to
tham s6 ctia mé hinh:

a' (k) =[®,k-1) @,k-1) @,k-1) ®,k-1)] @

- Khi muc tiéu co déng, quy luat thay ddi cta a(k) c6
dang:

ak)=a(k-1)+&,(k-1) (8)
Phuong trinh quan sat cé dang:
=[¢,0  @,K] =Mk a(k)+& K (9)
M(k){cpm(k-n @, (k-1) A 0 A 0 } (10
0 ¢, k-1 w,(k-1)

g =[€ k-1 &k-n] (11)

Ap dung thuat toan nhan dang tham s6 mé hinh trang
thai, nhan duoc:

D, (k) =D, (k-1)+K,,,Az, +K,,,Az, ; (0) O, =1

D, (K =D, (k-1)+K Az, +K ,,Az, ; D, (0)= D, =T
D, (K) =D, (k-1)+K Az, +K ,,Az, ; ci> (0)=d, =0

D, (k) = D,, (k-1)+K_, Az, +K_,,Az, ; d,,(0) = D,, = (1-Ta,)
Az, =§,(0-, k-1D, (k-1)-&, k-1)D,, k-1)

IZ

=0, (K)- @, (k- 1D, (k-1)- &, (k-1)D,, (k-1)

3. THUAT TOAN XAC PINH TOA DO GOC MUC TIEU CO
PHAT HIEN CO PONG TREN CO SG SU DUNG HE THIiCH
NGHI MG

Phuong phap nhan dang O (cda thuat todn trén) con
tén tai mot sé van dé, nhu:

- Su thay d&i cila ma tran ® phu thudc vao viéc ap dat
ma tran D, va Q,. Noi cach khac, ma tran khuéch dai K,
trong thuat todn nhan dang ma tran ® khong tinh t6i su co
ddng nhanh hay cham clia muc tiéu.

26 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - S6 1 (02/2023)

- Qua trinh thich nghi ma tran ® khong st dung thong
tin tién nghiém vé sy co déng nhanh hay cham clia muc
tiéu.

Bai bao dé xuat moét thuat toan nhan dang ma tran O trén
co s& N ma tran O" (n =1, 2,.., N) biét truéc va dugc tao ra tu
hai I6p mé hinh muc tiéu, méi @ phu hop véi mic do co
dong nao doé. Viéc xac dinh muic d6 dnh hudng cla ting mo
hinh (®") t6i két qua nhan dang © dugc thuc hién bai bd
diéu khién logic ma.

2(k) ® )

K —Q >
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Hinh 2. So d6 cau triic bd loc danh gia toa @ goc dudng ngam st dung hé mo

Lép 1 gébm N, moé hinh vai kich thudc bang 2, cac mé
hinh chi khac nhau béi tham s6 co dong o . Lép 2 gom
N, = N - N, mé hinh vai kich thudc bang 3, cac mé hinh chi
khac nhau béi tham s6 co dong a" . BO loc danh gia toa do
géc dudng ngam gom hai “khéi”:

- Khéi danh gia toa dé pha clia dudng ngam: S dung
b6 loc Kalman.

- Khéi nhan dang ma tran ®: St dung bd diéu khién
logic mo.

Ma tran ® dugc xac dinh sao cho du béo trang thai do
no tao ra bang téng trong s6 cac du bao trang thai duoc
tao ra b&i cac mé hinh gia thiét.

N
1 T it z g"
n=N;+1
N, N
=0 1—TZB"a"m tz B (12)
n=1 n=N;+1
N
0 0 z B"(1-ta
L n=N;+1
"k-1)+K y"
B”(k):B—VY (13)

1+K,

Pé xac dinh y" (véin =1, 2,..., N), s&r dung bo diéu khién
logic m& va@i dau vao la sai léch ctia danh gia trang thai so
vGi du bao trang thai Ag(k), Aw(k) va Aw(k). Hé mg dam
bdo tang hiéu qua ctia mé hinh dugc xem la hgp ly nhat
dén mé hinh nhan dang. Néu mé hinh thid n la hop ly thi y"
nhan gia tri 1én con y' (i # n) nhan gia tri nho.

Khdau mo hoa xac dinh d6 hgp ly cda ting mé hinh gia
thiét theo tiing thanh phan phan sai s6 du bao; thiét bi hop
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thanh xac dinh d6 hgp ly clia cac mo hinh tir cac luat mgo; o7
mdi luat ma xac dinh mbéi mo hinh gia thiét chiém uu thé; osf
khau gidi ma xac dinh dé hop ly ctia méi mé hinh. A
4. KHAO SAT, DANH GIA KET QUA % ol
- Bo loc ddnh gid tog do géc dudng ngdm c6 phdt hién co g oz
ddng trén co s& nhdn dang tham s6 mé hinh trang thdi 5 °
o A o G - o
0.06 0.1 F \\/ i
0.04 A -0'20 5 10 15
Thoi gian (s)
— 0.02 7 N . N s s N A e A
cg ) MWWWWW Hinh 6. Sai s6 dénh gid toc d6 géc @,
2 002 W - So sdnh cdc bé loc ddnh gid tog d9 géc dudng ngdm
E -0.04 | thich nghl
“ 0.06 4 r ‘°>’ ™ " he A
i | e e s |
0.08 ‘g A,‘
8 5 i f {-Nhan dang tham s6
s 5 o 10 15 g a i -3 ",.-"’.
Thoi gian (s) g’ > } ‘I ’A‘:
Hinh 3. Sai s6 danh gid toa do goc @, § - I‘ B b & Joead
| ( Vo :
o a’ \ v
0.4 Jml & e Thoi gian (=) © ae
Z o3 | Hinh 7. Sai s trung binh binh phuong toa d6 géc ¢,
2’ 0.2 \ — [
g o1 5 a e Gonp Thers as
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Hinh 4. Sai s6 danh gid t6c d9 goc &, e
L L L . Hinh 8. Sai s trung binh binh phuong tdc d6 goc @ |
TU két qua mo phdng thay rang, sai s6 danh gia ca toa

d6 goc va téc do géc déu nhé. Mé phéng cdc hé xdc dinh tog dé géc muc tiéu

+ Trudng hgp muc tiéu chuyén déng thang déu.

Tham s& muc tiéu: V,, = -350[m/s], 9,, = 1% j,, = 0.

- Bo loc ddnh gid toa do géc dudng ngdm c6 phdt hién co
doéng trén co sd st dung hé thich nghi mo

Bang 1. Tham s6 bd loc st dung hé thich nghi mo

Lop1 Lop2 Tham s6 khac | S |
N1 am NZ am Bn Ymax owm
4 0001|033 oes| 1| 4 | 1 |oes|033]o001]025] 09 [0,002
K&t qua mé phong chi ra rang, sai s6 danh gia khi st
dung hé mg thich nghi nhé ngay ca khi muc tiéu chuyén i
déng véi tée do goc thay déi. "®nol glan te1'° - =
o Hinh 9. Sai 50 trung binh binh phuang @,
0.08 M = 107
0.06 / \ -
2T e \ NP P £ -
g -0.02 \/J i 1.6 l
< -0.04 s
-0.06 § !
I L . . N

Thoi gian (s)

Hinh 5. Sai 50 dénh gid toa dd goc @
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Hinh 10. Sai s6 trung binh binh phuong w,
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+ Trudng hgp muc tiéu co dong. Tham s6 muc tiéu:
V,, =-350[m/s], 3, = 1°

x 107
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Hinh 11. Sai s6 trung binh binh phuong o,
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NSE dach gia toc o goc
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Thoi gian [s)

Hinh 12. Sai 6 trung binh binh phuong w,

Thuat todn loc thich nghi c6 phat hién co déng trén co
s nhan dang tham s& mo hinh trang thai do ma tran du
bao lién tuc dugc nhan dang nén du bao trang thai sé
chinh xac hon va do khong thuc hién tang hé sé khuéch dai
nén khong lam tang anh hudng clda nhiéu quan sat toi
danh gia trang thai. Vi vay, do chinh xac danh gia trang thai
clia thuat todn dugc nang cao. Tuy nhién, do viéc thich
nghi ma tran chuyén trang thai chua st dung théng tin tién
nghiém vé muc d6 co dong khac nhau ctia muc tiéu nén do
chinh xéc nhan dang déi véi cac trudng hgp co déng khac
nhau la khac nhau.

Thuat todn loc thich nghi c6 phat hién co dong trén co
s st dung hé thich nghi md nhd viéc kiém soéat d6 hop ly
cta tiing mo6 hinh thanh phan va tang trong s6 ctia mé
hinh hgp ly nhat trong mé hinh nhan dang nén do chinh
xac nhan dang dugc cdi thién trong cac trudng hgp muc
tiéu co dong véi muc dd khac nhau. Bang viéc ap dung bd
diéu khién mg thich nghi da nhan duoc thuat toan don
gian hon, tranh dugc ky thuat danh gid da mé hinh rat
phtc tap.
5. KET LUAN

Trong hé xac dinh toa dé goc muc tiéu t6i uu nhiéu
vong bam, yéu té co déng clia muc tiéu dugc tinh t6i nhs
mo hinh gia téc phap tuyén cla muc tiéu j,.. M6 hinh nay
dugc dac trung béi tan suat co dong a, Vvacuong do co

dong o} .Thamsé a, va o) chidugc lya chon bang hang

s, nén né khong dai dién cho moi chuyén déng co déng
clia muc tiéu; sai s6 bam sat sé tang khi chuyén déng thuc
té€ ctia muc tiéu khong phu hgp véi mé hinh gia thiét.
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Hé xac dinh toa d6 géc muc tiéu trén co s& nhan dang
mo hinh trang thai va hé xac dinh toa d6 gdéc muc tiéu trén
cd s& hé thich nghi m& da khac phuc dugc cac nhuge diém
cla hé xac dinh toa d& goc muc tiéu t6i uu, dap Ung duac
Vi sy co dong da dang cla muc tiéu nhd viéc thich nghi
ma tran chuyén trang thai. Dac biét vdi viéc sit dung hé ma
ma tran chuyén trang thai dugc thich nghi trén co s& céc
mo hinh gia thiét, nhd dé n6 c6 kha nang nang cao dé
chinh xac nhan dang.
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