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TREN CO'SG UNG DUNG LY THUYET LOC KALMAN

EVALUATION OF HIGHLY MANEUVERING TARGET PARAMETERS
BASED ON THE APPLICATION OF KALMAN FILTER THEORY
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TOM TAT

Bai bédo trinh bay két qua xdy dung thudt toan loc vdi muc dich danh gia
céc tham s8 cia muc tiéu ca ddng cao, @€ hién thuc hoa luat dan tén Ita khi
tinh dén tham so clia muc tiéu co dong trén co s& (ing dung bd loc Kalman 3
trang thai. Thuat toan cd cdu tric don gian, @0 hdi tu cao va bén viing. Két qua
md phang cho thay thuat toan c6 d6 tin cdy cao, dé dang hién thuc hda trong
thuc té, dap (ing duoc yéu cdu cla cdc ludt dan hién dai nham nang cao hiéu
qua tiéu diét muc tiéu va do chinh xac dan.

Tirkhéa: Ludt ddn, muc tiéu, bd loc Kalman, co déng cao, ddnh gid.

ABSTRACT

The paper presents the results of building a filter algorithm with the
purpose of evaluating the parameters of a highly maneuverable target, in
order to realize the missile guidance law when taking into account the
parameter of a maneuvering target on the basis of the application of three-
states Kalman filter. The algorithm has a simple structure, high convergence
and stability. The simulation results show that the algorithm is highly reliable,
easy toimplement in practice, and meets the requirements of modern guiding
laws to advance the efficiency of target destruction and improve the accuracy
of the guidance.

Keywords: Guidance law, target, Kalman filter, hight maneuvers, evaluate.
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1.TONG QUAN

Trong luat dan tiép can ti l¢, gia téc cla tén Ifa n. ti 1é
VvGi toc d6 quay dudng ngam &, tilé vGi do truot y va ti lé
nghich vai binh phuong thai gian tu dan con lai tg, [3, 41:
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Vii Hitu Thich?, Nguyén Van Bang""

ne= N [y+ytyel = NV.G (1)
t5o

Thanh phan d6 trugt trong luat dan tiép can ti 1é (1)
khéng c6 tham s6 mé ta su co déng clia muc tiéu. Diéu
nay khong c6 nghia luat dan ti€ép can ti 1& khéng ban
tring muc tiéu, ma c6 nghia la luat dan nay khéng téi uu
véi muc tiéu co dong.

Néu muc tiéu ca déng la ham theo thai gian, chidng ta
c6 thé tinh dé trugt mét cach chinh xac va tao ra mé hinh
luat dan mdi la luat dan tiép can ti lé nang cao [1, 2, 5, 7].
Biéu thuic toan hoc khi nay ctia dé trugt c6 chdra thém
thanh phan co déng clia muc tiéu la gia téc ctia muc tiéu
Yr-

nc=tglo[y+ytgo+;'yTtéo]=NVcc'5+;NyT 2)

Luat dan tiép can ti 1& nang cao (2) gébm hai thanh
phan, thanh phan th nhat ti [& véi téc dé quay dudng
ngam ¢ va thanh phan th hai ti 1& véi gia toc clla muc
tiéu y. .

Khi muc tiéu co doéng dang phuc tap, néu biét duoc
dang co déng clia muc tiéu, ta cé thé xay dung dugc
mot luat dan t6i uu ngay ca khi muc tiéu co dong & dang
phuc tap.

Mét trong céc gidi phap dé nang cao kha nang tiéu diét
cac muc tiéu co dong phtc tap la cai thién luat dan theo
huéng thém vao biéu thic cta luat dan cac tham s6 cda
muc tiéu bao goém gia téc muc tiéu, dao ham gia téc muc
tiéu va tan s6 co déng clia muc tiéu.

Tuy nhién, trén cac thiét bi thuc hién nay méi chi xac
dinh dugc vi tri va van t6c muc tiéu ma chua xac dinh dugc
gia t6c muc tiéu, dao ham gia t6¢ muc tiéu va tan sé co
doéng ctia muc tiéu. Do do, dé hién thuc héa luat dan hién
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dai [6, 8, 9, 11] thi ta can do dugc hodc danh gia dugc céc
tham s6 trong biéu thuc cta luat dan. Ngoai cac tham sé
giong nhu luat dan tiép can ti lé thi ta can phai danh gia
dugc cac tham sé nhu gia t6c¢ clia muc tiéu, su thay déi gia
téc clia muc tiéu (dao ham gia toc clia muc tiéu) va tan s6
co dong clia muc tiéu.

Trén co s& Ung dung ly thuyét loc Kalman, bai bao dé
xuat mot phuong phap nham xay dung thuat toan loc dé
danh gia gia téc ctia muc tiéu co déng cao.

2. XAY DUNG THUAT TOAN DANH GIA GIA TOC MUC
TIEU CODONG CAO

Dé danh gia kha nang tng dung cla bé loc Kalman,
trudc tién can xem xét vong diéu khién tu dan & dang ly
tuéng (bac 0) [2, 10, 12].

Hinh 1. B8 loc Kalman trong vong diéu khién tu dan

Trong vong tu dan nay, ta chi do dugc vi tri tuong doi
tén Itia - muc tiéu y" do 6 nhiéu v va cé gang udc lugng vi
tri tuong d6i tén Ia - muc tiéu y (tdc la c6 gang udc lugng
gia tri thuc khéng cé nhiéu), van toc tuong doi tén Ia -
muc tiéu y va gia toc phap tuyén ¥, cla muc tiéu. Luc
nay, gia tc clia tén Itia n. dugc coi la da biét (do luat dan
quyét dinh), con gia toc clia muc tiéu y, dugc mé hinh
héa nhu nhiéu tap trang us théng qua khau tich phan.

Mat do6 phé clia tap trdng us c6 dang nhu sau:

n2

Q, =M% 3)
tF

Ntmax: MUc d6 co ddng cuc dai clla muc tiéu.

te: Thoi gian tu dan.

Phuong trinh vi phan biéu dién méi quan hé déng hoc
cUa hé thong cé dang [4, 51:

X=Fx+Gu+w

TU so dé cdu truc vong diéu khién tu dan hinh 1, ta c6
thé biéu dién dudi dang hé phuong trinh khéng gian
trang thai:

y1To 1 0][y] o 0
Yy [=[0 0 1|y |+-1|n+ O (4)
Y] [0 0 Oy, [O u;

Ma tran dong hoc ctia hé théng co6 dang:
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0 10
F=10 0 1 (5)
0 0O

Ma tran ca sG lién tuc c6 thé dugc tinh tir ma tran dong
hoc clia hé théng theo céng thic sau:

ot)=£" {[sl-Fr} 6)

Trong d6: 1 - Ma tran don vi va £' - Phép bién doi
Laplace ngugc.

Ta cé:
s -1 0
sl-F=|0 s -1|=A
0 0 s

detA=s>; A,,=s’,A,=0,A,;=0;

_ _ 2 _0- _ _ _ 2.
Ay=sA,,=5"A;=0; A;;=1A;, =5,A;; =5";

s s 1
[s,l-F]"=l3 0 s
S 2
0 0 s
11 ]
s s §3
®(s)=[sI-F'=| 0 1 iz
s s
o0 4
- S_

Thay vao phuang trinh (6) ta cé:
1 t 05t
om=£"{[s1-FI'}=/0 1t 7)
0 0 1

Bang viéc thay bién thai gian t bang thai gian lay mau
T,, nhan dugc ma tran co sé& dang rdi rac nhu sau:

1 T, 0,5T2
®=[0 1 T, (8)
00 1

Phuong trinh do dugc biéu dién & dang rai rac nhu
sau:

Yk
yi=[1 0 0] v, |+V, (9)
Y.

Do d6 ma tran do rdi rac cé dang:
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H=[1 0 0] (10)

Tu hé phuong trinh khong gian trang thai ban dau ta
c6 ma tran diéu khién G lién tuc:

0

G=|-1 (11)
0

Ma tran diéu khién Gy rai rac dugc tinh bai:

T |1 t o5t|[0] |-05T;
G=[OWGHdt=[|0 1t [-1dt=| T, |12
0 %0 0 1 |lo 0
T BoleKaman |

’l‘ A .
Gidtrjdo 3"+ B0 Lujtdin
sk, .
| - |
l I
} o :
I xk-l g
l H, N -l
| |
|
Tinhigg | !
diuvio Ui G M=0p 0+0,
I k-1 1!
} Kk=Mka](HkMka7+Rk) i
|
| |
| |

Plf=(I'Kka]Mk

Hinh 2. Sa d6 t6ng quat b loc Kalman rai rac

Theo thuat toan loc Kalman rgi rac [3, 10], ta cé
phuong trinh bé loc Kalman rgi rac dugc tinh theo cong
thuc:

X =0 X, +Gu, K, (y; -H O, % ,-HGu, ;)

Tu hé phuong trinh khéng gian trang thai va thay thé
cac ma tran thich hgp vao phuong trinh (13), ta cé:

(13)

Yol 1 1 0512] Y | [-05T2
Yo 5[0 1 T Yir [* T INg +
Y, 0 0 1 Yi, 0
1 T, 05T Yis
*_ 2 (14)
< y.-[t ooJo 1 T |V,
1 00 1 |&
K2 * ka-1
K -0,5T;
-[1 o o] -T. |n
[ ] s Ck-]
0

Tu (14), ta c6 thé khai trién dé tao thanh bd loc Kalman
tuyén tinh 3 trang thai nhu sau:
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RES, ZY; ')A/k»1 'Tsyk_1 'OI5T52 (yTH 'nck>1 )
)A’k Z)A/k-1 +Tsyk-1 "'0'51-52 (VTH 'nck_1 )+K1RESk (15)
)+K,RES,

Y=Y+ T Ne,

Jy, =, +KRES,

Hé s6 khuéch dai Ky nhan dugc ti viéc giai hé phuong
trinh Ricatti. Phuong trinh Ricatti dau tién cé dang:
T
Q« - Ma tran nhiéu qua trinh dang r&i rac dugc xac dinh
theo biéu thuc:

TS
Q =| ®HQO(t)dt (17)
0

Q - Ma tran nhiéu qua trinh va Q dugc tinh theo cong
thuc [7, 111

Q=E(w w') (18)
Véi:
0
w=| 0 (19)
uS
Thay biéu thirc (19) vao biéu thic (18) ta c6:
0 0 0O
Q=E(w w')=E|[| 0 [0 0 u]|=05{0 0 0](20)
U 00 1
Thay biéu thiic (20) vao biéu thic (17) ta cé:
20 8 6
T4 T3 T2
Q=035 5 s 21)
kTl 3 2
3 2
T
6 2
Thay cac tham s6 vao biéu thic (16) ta co:
1T T, 05T2(P; Py, P3| 17 0 O
00 1 Ps Py P3o5T2 T, 1
T T @
20 8 6
4 3 2
Y L
8 3 2
T
_6 2 S_
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Pong hinh hoc tuyén tinh

B9 loc Kalman

Luét din tiép cin
ti 1€ ning cao

|
|
| .
. DY trugt = y(tr) Nhiéu i i 3 trang thai
Vr s +ty O |
o % |
—>(+ )—»y 1/D,, —»{ Ly miu » k D. ™=
A-

e

Hinh 3. B3 loc Kalman 3 trang thai trong vong diéu khién tu dan v6i ludt dan tiép can ti 1é nang cao

Ping hinh hoc tuyén tinh

2 1

t t Jhe-CA
6l | |04 g
[T][T € ]

2 3 1,

t t, t t,, &
+6-80 6 80 49580 1y g0
MRl AR e

Véi N=

o o
T _36°T

I
N =T2[’37”+e7-1j

B0 lgc Kalman
3 trang thai

Luat din t6i uu

Hinh 4. Bd loc Kalman 3 trang thai trong vong diéu khién tu dan v6i luat dan t6i uu

Phuong trinh Ricatti thir 2 dugc dung dé xac dinh cac
hé s6 khuéch dai ctia b loc Kalman:

_ T T 1
Ky = My Hi [H My HE +Ry | (23)

Rk - Ma tran nhiéu do lién hé véi véc to nhiéu do theo
biéu thuc sau:

R, =E[v, v,"]=0? (24)

n
o7 - Phuong sai cia nhiéu do ludng.

V&i so d6 cau truc hinh 1, Re la ma tran 1x1, vi thé
ching ta cé thé tinh dugc cac hé s khuéch dai Kalman Ky
c6 dang nhu sau:
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K.= My,
1 2
M, ,+o;,
M
Ky=——12 (25)
M, +o;,
K M;3
37 2
M, 1+o;,

Phuong trinh Ricatti thi 3 dugc dung dé xac dinh ma
tran tuong quan sai sé ugc lugng trang thai sau khi cap
nhat do luong cé dang:

P =(1-Ky Hy )My (26)
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C6 thé dé dang viét dudi dang sau:

(1-K)My, (1-K)M;, (1-K )My
P=| M;,-KoMyp Moy -KoMy,  Mys-KoMyg (27)
M13'K3M11 Mza'K3M12 M33'K3M13

V6iz' biéu dién sy tré ma c6 z'yi = yi1. Trong mé hinh
trén ta do géc dudng ngam 0;: do ¢6 nhiéu do dau tu
dan gay ra. Chung ta tao ra mét thiét bi do vi tri tuong déi
y;; nhd phép nhan cda géc dudng ngam 0; véiculy tén
[fa - muc tiéu Dy, Pau ra cha bd loc Kalman sau dé sé
cung cap cac danh gia toéi uu vé vi tri tuong doi )7k ,van
téc tuong déi f/k va gia téc clla muc tiéu jA]Tk , tr d6 hinh
thanh nén luat dan.

3. KET QUA MO PHONG

M6 phong thuat toan loc Kalman tuyén tinh 3 trang
thai trong vong diéu khién tu dan vai luat dan tiép can ti
&, ti€p can ti 1é nang cao, t6i uu.

Tham sé dau vao hé théng:

Bién d6 co dong clia muc tiéu: nt = 3g (m/s?)

Van téc tén Ita: Vi = 900 (m/s)

Nhiéu do dau tu dan: onoise = 1 (Mr) Va Onoise = 10 (Mr)

Van toc tiép can: V.= 2700 (m/s)

Hang s6 thoi gian: T=0,5 (s)

Tan s6 ca déng clia muc tiéu: w = 2 (rad/s)

Thai gian tu dan (thoi gian bay): te = 10 (s)

Thai gian 1dy mau: T, = 0,01 (s)

Luat dan (2) [3,7, 8, 121:

5

w
I

Target Acceleration (g)
N

o
T

Actual

Evaluation - Noise 1 Mr

L ' L L ) ) Evaluation - Noise 10 Mr

0 1 2 3 4 5 &8 7 8 9 10
Time (s)

Hinh 5. Danh gid gia toc muc tiéu

Thuat toan danh gid dugc gia tdc muc tiéu vdi sai s6

nho (hinh 6, 7). Khi cudng d6 nhiéu thap thi sai s6 gan nhu

bang 0 va gia toc dugc danh gia c6 dé chinh xac cao
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(hinh 6). Khi cudng dé nhiéu tang thi sai s6 danh gia gia
téc muc tiéu cling tang lén, nhung khéng dang ké (hinh 7).

4 Case: Noise 1 Mr

Evaluation error
M — — — -+ Theoretical noise

R s - Theoretical noise
9 \
P \
2 2
g \
2 ~
=} T
© 1 1 1 1777
g N \
©
3 o \ !
5 % o
I
2 -1 )
@
Q
©
-2
[0}
>
<
=3

-4

0 1 2 3 4 5 6 7 8 o °
Time (s)

Hinh 6. Sai s6 danh gid gia toc muc tiéu véi nhiéu Tmr
4 Case: Noise 10 Mr

3 ’\;]\/\\ \/\ ‘
2 0 ~ =

/ M I I s

YAV /

Evaluation error
+ Theoretical noise
- Theoretical noise

Target acceleration evaluation error (g)
o
<
<

Time (s)
Hinh 7. Sai s6 danh gid gia téc muc tiéu vdi nhiéu 10mr
Thuat toan c6 d6 hoi tu cao va bén viing, giai doan dau
qua trinh danh gia thi sai s6 I6n (vGi nhiéu Tmr mat 2s,
nhiéu 10mr mat 4s), con cudi qua trinh dan thi sai s6 gan
nhu bang 0 (hinh 5). K&t qua gan nhu hoan hao. Dam bao
sai s6 dan nhd, nang cao hiéu qua tiéu diét muc tiéu.

1

1 Mr Noise
, ) , ) ) . | = — —-10 Mr Noise
0 1 2 3 4 5 6 7 8 9 10
Flight time (s)

Hinh 8. Hé s6 khuéch dai Kalman va nhiéu do
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Hé s6 khuéch dai ctia bé loc Kalman giam khi nhiéu do
tang (hinh 8).

4. KET LUAN

B6 loc Kalman 3 trang thai cé kha nang udc lugng
dugc cac tham s6 nhu vi tri tuong d6i, van téc tuong doi
va gia t6c cilia muc tiéu. Do vay cac luat dan tuang tng co
thé dugc sir dung két hgp vdi bd loc Kalman 3 trang thai
tao thanh vong diéu khién tén Ilra 1a luat dan tiép can ti
1&, luat dan tiép can ti 1é nang cao, luat dan toi uu.

Két qua md phdng cho thdy su anh hudng dang ké
cla cac dang muc tiéu co dong khac nhau dén dé chinh
xac xac dinh toa do hé toa d6 gdéc muc tiéu. Vai viéc
danh gia dang co dong ki€u hinh sin cang tang thém dé
tin cdy cua két qua khao sat khi ma moé hinh nay khéng
dugc tinh dén trong qua trinh tdng hgp bd loc toa do
pha muc tiéu, day la co s& trong viéc cai thién chat lugng
hé toa do goéc muc tiéu.

TAI LIEU THAM KHAO

[1]. H. Jin Kim, Min-Jea Tahk, Fast Adaptive Guidance Against Highly
Maneuvering Targets. Korea Advanced Institute of Science and Technology
(KAIST) Daejeon, Korea, 2008.

[2]. Moon J., Kim K., Kim Y, “Design of missile guidance law via variable
structure control,” Journal of Guidance, Control, and Dynamics, 24, 4, 659-664,
2015.

[3]. Neil F. Palumbo, Ross A. Blauwkamp, Justin M. Lloyd, “Modern
Homing Missile Guidance Theory and Techniques,” Johns Hopkins APL
Technical Digest, 29, 1, 1367-1385, 2010.

[4]. Liu T., Xie Y, “A relative navigation algorithm for a chaser tracking a
non-cooperative maneuvering target in space”, Journal of Astronautics, 31, 5,
1338-1344, 2016.

[5]. Ming-Hsiung Hsueh, Chin-I Huang, Li-Chen Fu, “A Differential Game
Based Guidance Law for the Interceptor Missiles,” in Industrial Electronics
Society, IECON, 33rd Annual Conference of the IEEE, 665-670, 2017.

[6]. Jiyuan L., Jun Z, Yingying L., “Applying auto-adaptation filter to
tracking of maneuvering target in special relative navigation,” J. Northwest,
Polytech. Univ. 4,013, 2018.

[7]. Le X.R,, Kilkov V.P., “A survey of maneuvering target tracking:
Approximation techniques for nonlinear filtering,” in Proceedings of SPIE
conference on signal and data processing of small targets, 537-550, 2014.

[8]. Li X.R., Jilkov V.P., “Survey of maneuvering target tracking-part V,”
IEEE transaction on aerospace and electronic system, 41 (4), 1255-1321, 2015.

[9]. Xu B. “An adaptive tracking algorithm for bearings-only
maneuvering target,” International journal of computer science and network
security, 7 (1), 2017.

16 | Tap chi Khoa hoc va Cdng nghé Trudng Dai hoc Cong nghiép Ha Noi

[10]. Yang C. C, Tsung T. K., “An interactive dynamic multi-objective
programming model to support better land use planning,” Land Use Policy, 36,
13-22, 2016.

[11]. Qian G.H., Li Y., Luo R.J., “One maneuvering frequency and the
variance adaptive filtering algorithm for maneuvering target tracking,” J.
Radars, 2(6), 258—264, 2017.

[12]. Paul Zarchan, Tactical and Strategic Missile Guidance, six edition,
Vol.2, Progress in Astronautics and Aeronautics. American Institute of
Aeronautics and Astronautics, Inc., Washington, D.C, 2012.

AUTHORS INFORMATION
Vu Huu Thich?, Nguyen Van Bang'
1Air Defence - Air Force Academy, Vietnam

2Hanoi University of Industry, Vietnam

Tap 61- S0 5A (5/2025)



