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Tém tit

Bai bao nghién cuu xay dung thudt toan thich nghi
cho hé xéc dinh toa d cu ly myc tiéu ra da trong diéu
kién c6 yéu td bat dinh trong phwong trinh trang thai
muyc tiéu. Yéu t bat dinh thé hién & truong hop
khong c6 dugc md hinh trang thai chuin xac nhung
gi61 han duoc x¢ét 1a hé hé lién tuc va gidi ndi. Bai bao
dé xuat giai phap khic phuc thong tin bat dinh dya
trén tiép can xay dung bo loc thich nghi t6i wu cac qua
trinh gi¢i ndi su dung tuyen tinh hoa theo chudi
Taylor va mang no ron két hop véi ti wu héa tin hiéu
dién 4p diéu khién vi tri xung ctra bam cy ly muc tiéu
ra da. Piém mai ctia nghién ciru nay so véi cac cong
trinh da dwgc cong bd 1a: a/ thuat toan thich nghi tdi
wru duge chinh dinh bing mang no ron theo thong tin
tir kénh quan sat dé khic phuc yéu té c6 thanh phin
ham bit dinh trong phuong trinh trang thai dé xéac
dinh toa d6 cyu ly muc tiéu ra da; b/ dé xudt cu tric hé
kin thich nghi bam tga d¢ cu ly ciia muc tiéu ra da véi
dién 4p phan hoi t6i wu diéu khién vi tri xung cta
trong hé. Phan mo phong so sanh hiéu qua cua thuat
toan mdi voi cac thudt toan trude day s€ dugce trinh
bay trong cac bai bao khac.

Tir khéa: hé bam ra da thich nghi, loc thich nghi ti
uu, mang no ron.

Abstract

The research paper presents the a synthesis of
adaptive algorithm for radar tracking system to
determine the range coordinate of radar target in
systems with linear process models acted upon by
uncertain state inputs. The uncertain state inputs
represent the effect of unmodeled disturbances acting
on the system and but are assumed to be continuous
and bounded. The neural network is trained online to
estimate the uncertain inputs. The paper solution
presents an approach for construction of adaptive
optimal filter with adaptive state estimation for a class
of bounded process based on combination of
linearization by Taylor series approximation, of
augmenting linear system by neural network adaptive
element, and of using optimal voltage control for the
target range tracking system. The novel results of

VCCA-2015

paper in comparison with other publications: a/ the
optimal adaptive algorithm augmented by neural
network with information extracted from observer
channel to improve the state estimation in condition
of uncertain state process for determining range
coordinate of radar target; b/ the proposal of close
feedback structure scheme for adaptive radar tracking
the target range with optimal voltage signal to control
the position of window pulse in the range tracking
system of radar target.

Keywords: adaptive radar tracking system, adaptive
optimal filter, neural network.

1. Phin mé diu
Xét dat van dé cho bai toan tong hgp thudt toan thich
ng‘hi cua hé’ xac dinh toa d¢ cu ly muc ti€u ra da voi
dieu kién bat dinh trong phuong trinh trang thai muc
tiéu ra da. H¢ xdc dinh toa d cu ly tuan theo phuong
trinh trang thai dang tong quat sau day [1,2,6].
&) = f(x, )+ Bu+ x, + Bg (x(t), z,(1)),
&(t) = £, (x(1),z,(1),2,(1)), 2,(0)= z,
H(t)= f, (x(1), 2,(1), 2,(1)), 2,(0) = 7,
Kénh quan sat
U, (1) = U (x,t) + x,(t)
X(0) = X,
Hoic biéu dién & dang tuong minh cho phuong trinh
trang thai mé réng X = [Xor, Xy]T

Xor = for (XOTvt)"“fOT +Bior Gior (XOT (t)!zl(t))
x, = f ( )+§ +Blygly(x (t) z,(t))+Bu

trong do, X, - vecto trang thai n, chiéu dic trung cho
cac thong sb tic dong chinh dinh; Xor - vecto trang
thai n, chiéu dic trung cho cac thong sb duoc chinh
dinh; x = [XYJ XOT]T - vecto trang thai mo rdng
n, = Ny+ N, chicu;

Nhu vay:

x=[or. %] I D, f R*,z1 D, I R™ va

1)

z, i DZl I R™ 1a cac trang thai cua hé théng, Dy, Dy,


mailto:nguyenvuhoainam.mta@gmail.com

D, 1a céc tap dong; f(x): D, — R™1a mdt ham phi

’ , . f
tuyén d biét trong mién DX[ f(x,t) = { or (or )D ;
fy(xy)

_ Bor O A i 1A A sy A,
B = ma tran cac hé so da biet; U _(x(t))
0 By
1a ham véc to da biét,

. (LN
f,,(x,2,2,):D,xD, xD,, > R™ va
f,,(X,2,2,): D, xD, xD,, > R™1a cac ham chua

biét rd mo hinh, 6 dau vao 1a cac qua trinh dong hoc;
Z4(t), Z5(t) an chua biét 1o,

0:(x,2) = [gloT (Xor+21), Gy (X, Zl)j D Dzl ® Dg1
12 ham chua biét rd mé hinh, z; c6 gidi han trén 7, vVa
U, (t) 1a mot vector cic gid tri do ludng duoc.
n, =n, +n, kich c& chiéu chua biét cua dbi tuong
dong hoc chua rd mo6 hinh, nén n=n,+n, cling la
chua biét.

Cu thé héa cac tham s6 cua hé phuong trinh (1) qua
quy chiéu theo nguyén 1y hoat dong rat gon cua hé
xac dinh toa dd cu ly muc ti€u ra da R. Xét phuong
trinh trang thai dang cu thé sau:

R=-kyR + & +B,g,(x(1). (1)) 3)
O day: k12 hé sb hang; £ 1a tap trang tao hinh véi
ky vong toan hoc bang khong voi mat ¢ phé mot bén
cho truée G,,. Cu ly R tai thoi diém bat dau do o 1a
R(ty). Tir cong thirc (3) c6 thé thdy dai lwong
T =1/k,,didc trung cho hing sb thoi gian cta loc tao
hinh tan thap v&i cac tham sé dau vao va dau ra tuong
ung la x, vaR.

Mot thanh phéln dugc dinh dapg chl'{c nang dat trude
cho bai toan tong hop 1a bd diéu khién vi tri xung cura
bam cu ly muyc ti€u ra da v6i chire néng diéu khién
thay doi gia tri tham s6 xung ctra R,. Tham s6 R, phan
anh vi tri xung ctra cy ly - theo thoi gian hoat dong -
can bam phai trang v6i vi tri xung ra da phan xa thu
dugc. Tham s6 R, cia b didu khién vi tri xung cira
bam cy ly dugc thay dbi theo biéu thirc sau:

R, =b,U, (4)
Trong d6: by, 14 hé sb ty 18 bang toc do thay ddi cua R,
khi uy co gia tri bang mot. Tai thoi diém ban dau t,, cu
ly tai thoi diém ban dau la R,= Ry(to).

Pé biéu dién dudi dang véc to — ma tran cho (3) va
(4) ta st dung cac ky hiéu ma tran va véc to sau:

R k, O 0

<[5 el o) el

u=u, 'é:I :[ér 0]

Xét tin hidu thu vé 1a chim cac xung vo tuyén véi
song mang 13 tin hiéu didu hoa va chum xung duoc
diéu ché bién do v6i dudong bao dang hinh chudng
(bién do xung 1a U,,; chu ky ldp xung - T; d6 rong
xung tuong duong 7, va tan sb mang  clia cac xung
d6 1a biét trudce). Luc nay, ung véi do dai cia mot
xung vudng c6 bién do U,, va dién tich ding bang
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dién tich xung cua chum xung chuéng dang xét. Xung

v tuyén thu duoc vé6i chi sé i (i=1, 2, ..) tai cu Iy R
[2,3,4]:
u ol =U exp _L( |'|' _2_Rj

22’u C (5)

xcos[a)(t —Z—R)} +&,
c

Trong d6: &, la tap tring véi ky vong toan bang
khong va mét d6 phd mot bén cho trude 1a G ” .Ngoai
ra, ta cling gia thiét rang, bo diéu khién vi tri xung ctra
R, 1a mét khau khong quan tinh c6 dién 4p ra la:

Unpo = Ky Ry +&4 (6)
Trong do: k;, 1a hé so truyen dat cua bo dicu khién vi
tri xung cira R, con &, 1a tap trang voi ky vong toan
bang khong va mat d6 phd mot bén cho trude Ge,.
bién 4p U,,; va Unpz tao ra véc to quan sat U,,. Bai
bao x¢ét bai toan tong hop dbi v6i hé tuyén tinh, nén
mdi lién hé gitra dién ap U,, voi cu ly R can phai
dugc tuyén tinh héa theo chu01 Taylor tai diém gia tri

uée lugng R cua cu ly R dudi dang tuyén tinh hoa sau

s auy(R .
s =t R+ 5 (R_R) 2, )
Trong do:
AN\2
Uy (R)=U,, exp —Lz(t—iTu —Z—RJ }
2 c ©)
X COS w(t_ﬁﬂ
c
6uclgF§) gy R=R)
R R
2
T
F oL ¢ (9)
{ 2R
t—iT, ——
T

. c
X C0S |:w(t 7BH +msin |:a)([ ,BH
c c
Két hop (6) va (7) ta s& nhan duoc phwong trinh kénh
quan sat dang ma tran — véc to sau:

u, (t) = Hx +&,(t)+u, (%)

Trong do:
RGN
H=l &R

ry y

‘fuT :[ém é:uy]

Dé giai quyét bai toan dat ra, bai bao s& xdy dung
thuat toan bd loc tuyén tinh cén t&i wu thich nghi
(dung mang no ron) ddng thdi véi xac dinh cdu tric
hé kin bam cy ly muc tiéu ra da voi dién ap phan hoi
ti wu cho bo diéu khién vi tri xung cira.



2. Xay dung thuat toan thich nghi dung
mang no ron cho hé xac dinh toa do
cuw ly muc tiéu ra da

Loi gidi bai todn xay dung thuat toan thich nghi dung
mang no ron téng quéat cho 16p cac hé bam vo tuyén
dién tir da dugc trinh bay trong cong trinh [6]. H¢ xac
dinh toa d6 cu ly muc tiéu ra da trong diéu kién cé
yéu t6 bat dinh trong phuong trinh trang thai muc tiéu
12 mot truong hop riéng cu thé ciia 16p cac hé bam vo
tuyén dién tir néu trén. Do vdy, bai bio nay dua trén
cach tiép can va két qua ¢ [6] dé phat trién thuat toan
thich nghi dung mang no ron cho h¢ xac dinh toa 46
cu ly muc ti€u ra da.

Theo [2,6], dang tuyén tinh héa cta phuong trinh
trang thai (1) va (2) nhu sau:

¥t) = F(R)x+ f(R)- F(R)R

+ Bu+ x, + Byg, (x(1),Z(1) (10)

&Y fori(Xor )
MRor1

TorKor, 1)
TKorz

D>~

XXX

For (Rort) ~
forn2 Kot 1)

ﬂfOTl()A(OT ’t) 0

ﬂ XOTHZ
XXX XX XXX

TfornaFor ) . IformeKor.t)

Trong do:- Ham véc to f (X,t) =

- Ma tran khéi

F(xt)—QOT(XOT't) I
e 2 fY(XY’t)E
O day
Tfor Ko, 1) .
&‘(XOT = %or)

or Xors ) = T

F, (o )= _ 1500 (y t)

(y T)

La ma tran chuyen vi Jacobl kich thudcn,’

n, va
n," n, 0; va 0; 1a ma tran khong kich thuéen,” n va
n’n,.

Khi trién khai day du:

[en e @){DX’DX’D

TRor1 Moz
fu&y, ) T, Kor ) " Tt (Ror, )Y
ﬂxy1 9%,z TRomn2

XX XXX XXX
fynz(),\(yvt) ﬂfynz(kylt) o0 ﬂfynz(kylt)
ﬂxyl ﬂ)’zyZ ﬂ)}Zynz

CDK‘D){DQ’D)@X‘DK‘D D>D~

F, (For 1)

coooooooo

voii=l+ny,j=l+ny,k=1+ nl,l—l n;.

Theo [6], kénh quan sat phi tuyen (1) xép xi gan dung
b6i phuong trinh tuyén tinh (tuyén tinh hoa tai diém
ude lugng % ).

U (1) = HEOX+ X, (1) + U (Xt)- HX)X (11)
Trong d6: H(X) 1a ma trdn chuyén vi Jaccobi

HE = T 2 Tu®

X leeny I (12)
(13)
éﬂuclgxt) ﬂucl(x t) 3
¢ 9% 1%,
H()?):g XK X X 3 (14)
Fup &) U Ry
§ % % 4

Vi cac bude tuyén tinh héa nhu trén, bai toan c6 cac
ham phi tuyén tuong minh f(x), uc(X) co the dua dugce
vé dang sir dung két qua cua 1y thuyét loc téi wu tuyén
tinh.

Céc thanh phan bét dinh trong phuong trinh trang thai
(5) va (2) s& dugc ude lugng xap xi ding mang no ron
theo cac sai s6 dong hoc duoc trinh bay sau day.

Ap dung dinh 1y 1 trong [1]: xét véc to trang thai n,
chidu x(t) cua hé phi tuyén quan sat dugc:

e f(x(1))

Uy, (1) = h(x(t)) 19)
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ﬂ )A(OTnZ

Yy
1Y)
Y
v
Y
y
Y
8

Xét cac toa do Xx(t) nam trong khdi cau n, chiéu, ban
kinh ¥ thude R™ .

B, = {x®1 R™ x()t 7}

Gia dinh dau ra (lwong quan sat) cua hé thdng
U, ()T R" va c6 vi phan dén bac (n,-1) 1 gi¢i noi.
Khi d6 voisé e > 0~t6n tai mot tap cac trong $6 gidi
ndi va co thoi gian tré duong: d>0 sao cho ham f(x(t))

trong (15) c¢6 thé xap xi héa trén tap déng By bang
mang no ron tham so tuyén tinh.

f(x(t))= MTs (m(t)+ e(m(1)),[M]. £ M

Vi [[Mlp < M, [le(u(®)lr < €
Str dung véc to dau vao:
DY, 0] 1 R™

m(U,, (t),d) = [DPug, (t) ....
. (16
[m@] £ m )

Trong d6 cac ky hiéu thanh phan vi phan (sai phan)
hitu han xéc dinh boi:

D¢, (t)@unp ®
(1) T (t)@ Unp (t)' u:p (t' d)

(k) T (t)@ gk T (t) D(k 1)(t_ d)




k=1,2,... va u*>0 la gidi ndi va don diéu trong By.
Str dung dinh 1y 1 trén dé xem xét xap xi ham g;(X,z;)
dung mang no ron dugc xac dinh trén tap dong:

o n, A Ny
D, ={(x,zl):x1 D, £ R";z1 D, £ R
Véi D, va Dy la céc tép dong
g,(621) = M"s (m(t)+ e(m(1))),

M- £ M7,
Trong dé6 M* ky hiéu gidi han trén dd biét cia chudn
Frobenius ctia cic trong sd trong phuong trinh (14), u
1a vector cac thanh phan vi phan hitu han cia gia tri
do luong un(t) trong (16); o(x)- ham sigmoid cho
mang no ron:

1

1+e™
Ap dung 1y thuyét loc tdi wu tuyén tinh cho cac
phuong trinh trang thai tuyén tinh hoa (10) va x4p xi
ham bat dinh boi mang no ron (17), nhan dugc so dd
tong quat ctia bd loc tdi wu thich nghi nhu sau:

£ F(R0)+ Ky $ O U KDY

17)

o(x)=

+ Bu+ BJ4(t) (18)
£=F(%)%+K,, [unp (t)-u, (f(,t)—m]+
Bu+B.9, (t) (19)
Trong dé: K,, = 2DH' (R)G,, 1a ma trin cac hé sb

khuéch dai cta bo loc, D 12 ma trin ham tuong quan
héu nghiém, G, 1a ma tran cuong do tap tréng kénh
quan sat, Jag(t) 1a véc to dau ra mang no ron thuc hi¢n
xap xi hoa ham bat dinh gy(x,z,), M la u6c luong cia
trong s6 duge chinh dinh online. Luét chinh dinh
mang no ron cho M 1a:

M) = G, § (m0)ury O+ k (B OMO}  20)
Trong d6:u,, @u,,(t)- U, (t)), k,- hé s6 ludt chinh,
(xem (2) va Iy>0 — toc dd hoc ctia mang no ron.

Ky hiéu e(t) @x(t)- R(t) ta c6 thé dua ra sai s dong
hoc ctia b loc nhu sau:

e®)= 1 (V) 1RO BoXO.10)

- By () Ky iy (©)- uc (RO

Thay thé J_ ()= M"s (Mm@®)), phuong trinh (14) vao

(17), thanh phan sai s6 cua cac trong sé mang no ron,
c6 thé viét lai sai s6 dong hoc e(t) dudi dang khac:

e(t) = f(x(®)- f(x(®)+ B, M(®)s (m(1))

(21)

+ Bx(mt)- K, énp(t) u (%, (22)

M) = - G, 5 (m©)a, O+ K, (@, (t))M o}
Trong phuong trinh bd loc thich nghi (18,19), thanh
phén ma tran phuong sai hau nghiém D dugc tim tu
phuong trinh Ricatti sau:

= F(X)D+ DF' (X)- 2DH" (X)D+ 0,5G,, (23)
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Trong d6 G, - ma tran cuong do tap tra’ing &(1)

D= gjll Dlzgz ng Drryg
8321 DZZH ?ryr Dry E

Trong d6 D - Ma tran cac phuong sai hau nghi¢m Dy,
Dry: Drry
Bai toan xéac dinh dién ap t6i uu cho bé diéu khién vi
tri xung ctra bam cy ly muc tiéu dugc tim tir diéu kién
t6i thiéu hoa phiém ham chit lugng:
t
I = M%(R- R,)’+ %(‘, u?(t )dt% (24)
tD
6] day, Mgd{.} — ky hi¢u phép todn lay ky vong xac
suat trong diéu kién quan sat thé hién Up(t) (xtr Ly tin
hiéu quan sat). Trong diéu kién bai toan ndy voi
nhitng phuong trinh trang thai, quan sat 1a tuyén tinh
va véi tiéu chuén chit lugng dang (24), thi ta c6 thé
tim diéu khién t6i uu theo phuong phap nguyén ly cuc
dai Pontraghin ngdu nhién cho diéu khién cuc bd
(local control) va tim duoc vec to diéu khién téi wu

U, nhu da trinh bay trong [2]:

u=u, = KB, (R- R)) (25)

Trong do: R, IQV 1a nhirng gia tri udc lugng cu ly muc
tieu R va cy ly xung ctra Ry

Thay cac gia tri vat Iy ciia cac ma trén va véc to cla
hé xac dinh cu ly muc ti€u nhu trong cac cong thic &
phan dat vin d& cta bai bao vao cac biéu thirc (19) va
(23) va trién khai tuong minh du6i dang vo hudng ta
nhan dugc:

- Phuong trinh khdi danh gia cta bo loc tao
1ap cac udce lugng cén tdi wu xac dinh cu ly muyc tiéu
rada R va cy ly xung ctra R,.

|§L= - k R+ Drzrcl+ Drcmrcz + Bl‘]ad (t)
B=D,,Z .+ D,Zy, + by,
R(t,). R, (t,)

ry“<rc2
Trong d6: Zy1, Zreo - cac dai lugng vo hudng tao thanh
vec to Z, cua b phan biét.

(26)
@7)

au, (R
rel = Gjﬂ u;é )[ npl cl(R):| (28)
2
2 =5 e Ky (R))] (29)

ﬁuy

- Phuong trinh khéi chinh xé4c cua bo loc tao
lap cac phuong sai hdu nghi¢m cua sai so loc

(23)
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A 2
= —2k,D, _i[@uClSR)} D2
G.,L @R
(30)
2kry 2
D}, +0,56,
W 2 [ou,®T
: U
Drry = _krl Drry _g[;—ﬁ} Dr Drry
) (31)
2D, D,
G ,
A 2 2 42
. 2k: D
b, = _i{@uclfR)} DR (32)
G
s L OR z,

Trong céac phuong trinh tir (28) - (32) tat ca cac thong
s0 déu da biet, trr cac phuong sai ban dau khi t=t,.
D, (t). D,y (). D, (t,) Céc di€u kién ban dau nay can

xac dinh tir y nghia vat 1y thyuc té. Sau khi giai dugc
céc phuong trinh nay, c6 thé tim ra quy luat bién ddi
cua D, (t),D,,(t),D,(t) theo thoi gian va dudi dang
c4c chuong trinh twong tmg dua vao cac bd khuéch
dai vé6i céc hé s6 truyén D, (), D, (t), D,, (t) (H.1). So
dd cau trac dong hoc (H.1) cua hé thich nghi ding
mang no ron dé xac dinh toa do cu ly muc tiéu ra da
trong diéu kién bat dinh trong phuong trinh trang thai
muc ti€u ra da duoc téng hop co Kkét hop véi bd diéu
khién t6i vu vi tri xung cira.

3. Kétluan
Diém méi dong gbp vé mit khoa hoc cua bai bao so
VvGi cac cong trinh da duoc cong bo 1a dé xuat va xay
dung duoc cAu tric hé xac dinh toa do cu ly muyc tiéu
ra da trén co so tong hop thuat toan bo loc tuyén tinh
can t6i wu thich nghi véi chinh dinh dung mang no ron
theo thong tin tir kénh quan sat dé khic phuc yéu t6 ¢
thanh phan ham bat dinh trong phuong trinh trang
thai. Thuat toan loc thich nghi dugc xay dung & day
khong chi dua ra cac udc lugng cho cu ly muyc ti€u ra
da R va cy ly xung ctra Ry ma con két hop ddng thoi
v6i xdy dung dac tinh phan lap ti wu [6], t& hop duoc
v6i bo didu khién t6i wu vi tri Xung ctra dé nang cao
chat luong toan hé thong. Dan dat chimg minh céac két
qua thuat toan trong bai bao khi thuc hién riéng biét
cong doan xay dung b loc tdi wu thich nghi va cong
doan xay dung bo diéu khién t6i wu vi tri xung ctra co
co sO khoa hoc tin cdy dua trén dinh ly phan tach
riéng hai cong doan t6i wru hoa nay (loc ti wu va didu
khién t6i wu) ma khong anh huéng dén tinh khoa hoc
téng quat (ding cho cac hé tuyén tinh ngdu nhién). Do
n6i dung cua bai bao da kha 1on, nén phan mé phong
so sanh hi€u qua cua thuat toan mdi voi cac thuat toan
trudc day s€ dugc trinh bay ri€ng biét trong cac bai
bao khac (ndi dung mé phong ciing cé dung lugng kha

VCCA-2015

16n do ¢ nhiéu diém tinh t& nén can dugc giai trinh
chi tiét, tin cdy cac luan ctr khoa hoc).
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Nguyén Vii Hoai Nam, sinh

e nam 1975, ong tot nghiép dai

| S— hoc nganh Tén Itra phong khong

va cao hoc ty dong hoa tai Hoc

vién Ky thuat Quan sy, nam

2000 va 2010. Ong hién la

) Giang vién tai Khoa K§ thuat

diéu khién, Hoc vién K§ thudt Quan sy. Hudng nghién

ctru chinh la: x®r 1y tin hi¢u ra da, loc ti uu thich nghi,
mang no ron trong xu 1y tin hiu.
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