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Hoc vién Ky thuat quan sy

Tém tit:

Bai bao nghién cuu xdy dung thudt toan thich nghi
cho hé xac dinh toa d6 goc muc tiéu ra da trong diéu
kién c6 yéu td bt dinh trong phuong trinh trang théi
muc tiéu. Yéu t bit dinh thé hién & truong hop
khong ¢6 dugc mé hinh trang thai chuin xac (mé hinh
bat dinh v& by tao hinh tir tap tring ngdu nhién),
nhung giéi han xét hé hé lién tuc va gidi ndi. Bai bao
deé xuat giai phap khic phuc thong tin bat dinh dya
trén tiép can xay dung bo loc thich nghi t6i wru cac qua
trinh giéi ndi st dung tuyén tinh hoéa theo chudi
Taylor va mang no ron két hop vai toi uu hoa tin hiéu
dién ap diéu khién truyén dong bam goc quay ang ten
ra da. Phin mo phong so sanh hiéu qua cta thudt toan
méi voi cac thudt toan trudc day s€ dugc trinh bay
trong cac bai bao khéac.

Tur khéa: bd loc thich nghi, mang no ron, toa do gdc,
muc tiéu ra da, trang thai bat dinh.

Abstract:

The research paper presents the a synthesis of
adaptive algorithm for radar tracking system to
determine the angle 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
servo tracking system of antenna angle.

Keywords: adaptive filter, neural network, angle
coordinate, radar target, uncertain state.
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1. Patvan deé

Xét dat van d& cho bai toan tong hop thuat toan thich
nghi cua hé xac dinh toa d6 géc muc tiéu ra da trong
diéu kién c6 yéu tb bat dinh trong phuong trinh trang
thai muc tiéu ra da trén mot mat phang nam ngang
(hodc mat phang thang ding). Hé xac dinh toa do goc
tuan theo phuong trinh trang thai dang tong quét sau
day [1,2,6]

&) = f(x,t)+ Bu+ &, (1) + B,g, (x(t),z, (1)),
&(t) = f, (X(1),2,(t),2,(t)), z,(0)= 2y,
&(t)=f, (X(1),z,(), 2,(1), 2,(0) = 2,
Kénh quan sat
Uy (D)= U 60+ §, () + m
x(0) = X,
Hoic biéu dién ¢ dang twdng minh cho phwong tinh
trang théi mo rong x =[x, %, |

Ko = T (oo 1) + & + Bioior (X 1),z (1) (2)

%, =1, (x,,t)+8, +By g, (x,(t),2, () +Bu  (3)
Trong do, Xy - vecto trang thai n; chiéu dic trung

cho cac thong so tac dong chinh dinh; X - vecto trang

thai n, chiéu dic trung cho cac théng sé dwoc chinh

dinh; x =[xy, Xo] " - vecto trang thai mé rong n, = n,+

n, chiéu;

Nhu vay: x=[x,.x,J I D, R™,z 1 D, I R™ va

@)

z,1 D, 1 R™ la cac trang thai ciia h¢ thong,

D,.D,,D,, lacac tap dong, f(x): D, ® R™ 1a mot

oT OT)
§1, & )lJ
B,

B, =€ 0 U ma trén cac hé s6 da biét, u_(x())la
Biyu
ham véc to da biét,
f, (xz,,2,):D,” D, D, ® R™va
1 1 2

ham phi tuyén da biét trong mién D;f (x,t)= & g
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f,,(x2,,2,):D,” D, D, ® R*1a cic ham chua
biét rd mé hinh, c6 dau vao la cac qua trinh dong hoc;
z,(t),z,(t) an chua biét 15, x,(t) va z,(t) - cac tap
trang;

9,(xz,) = [glotT(Xot’Zl)vle(XY'Zl)j :D,” b, ® D,
14 ham chua biét r6 md hinh, z, ¢6 giéi han trén Z
va U, (t) 1a mot vector cac gia tri do luong duoc.
n,=n, +n, kich cd chiéu chua biét cia dong hoc
chua rd md hinh, nén n= n,+ n, ciing la chua biét;
m — hang s6.

Chwar

o

H.1 M6 hinh Radar do goc -
Cu thé hda cac tham sb cua hé phuong trinh (1) qua
quy chiéu theo nguyén ly hoat dong rit gon cua hé do
goc O, nhu 13 mot thanh phan cau thanh cta tram ra
da (hmh 1) [2, 3, 4]. H¢ do Oy phai bam sat muc tiéu
Owmr €O toa d6 goc & tuong ddi véi hudng da dinh
Oy X, voi diéu khién goéc quay anten ¢,. Két hop
phuong trinh (1) toa d6 gdc muc tiéu ra da nay co
phuong trinh trang thai dang cu thé sau:
&= - ke +x, )+ Ba,(xO.20) @
O day k, — hé s6 ty l¢ da biét; Eat(t) — tap tl’ang c6 ky
vong toan hoc bang 0 va mat do phd mot chiéu Geot:
Heé do goc co phan thiét bi dan dong ang ten dé quay
gdc ang ten sao cho huéng can bang tin hiéu ang ten -
OyXa — di chuyén bam theo géc muc tiéu véi toc do
g6c theo phuong trinh
=b, u

e Uer ®)
O day g, — gOC quay Cua ang ten tuong dbi véi truc
O, X,; Ugr — dién ap diéu khién va thé hlen thanh phan
vec to diéu khién u trong (1); by — h¢ s6 ty 18. O dang

ma tran-vec to, co thé biéu dién:

T =[x x]=[ea | F =[ ga O]BT =[0b,, ]

& (to) va sra(to) la cac dai luong €. va g, vao thoi
diém ban dau do to. Trong bai bao, phuong phap xac
dinh toa d6 goc dugc xét 1a phuong phap bién do don
xung dinh hudng muc tiéu, trong d6 khao sat trong
mot mat phang nam ngang (hoic mat phang ding) hai
gian do dinh huéng F,(B) cua ang ten (hinh 1); goc B
dugc tinh twong dbi véi cac hudng O ,O1 va 0,0,
(huéng cuc dai cua gian d6 dinh huong) Céac gbc
gitta hudng can bang tin hiéu va cac huéng 0,0; va
0,0; la Bo. Phuong phép bién d6 don xung st'I dung
hai gian d6 dinh huéng cung hai kénh may thu trir va
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cong tin hiéu dé c6 cac dién ap dau ra may thu co
dang [2,3,4]:

=U[R,(5, +A¢)-F (4 - Ae)lcos[a(t-20 1 ) + g, ]+ £, (1)

U, U[F (B, +Ae)=F, 1 (B - Ae)]cos[a(t=2/ | ¢) + ¢ ]+ £ (1)
Trong d6 U — bién d0 cua tin hiéu trong hudng
cuc dai cua gian d6 dinh huong; o — tan sé séng mang
lién tuc cua tin hiéu ra da chiéu xa; R — khoang cach
tir diém Oy dén muc tiéu Owyr; @o — pha ban dau; Ae —
goc giira huong muc tiéu va hudng can bang tin hiéu;
S, va g, (t)-tap trang c6 ky vong toan hoc bang
0 va c6 va mat do phd mot chiéu Gy va G ¢, - Nhitng
tap nay duogc coi la khong twong quan véi nhau va ta
c6 ma tran nhiéu kénh quan sat

e _[Guw O
“7 0 G,

Néu biéu dién tirng ham sb F,(B) thanh cac chudi liy
thira ddi véi cac gia tri nho Ae 1an can goc p = B, va
chi gitr lai dén thanh phan tuyén tinh caa chudi, ta
duoc:

u ipl = kp (gr - gra) COSW(t) + é,ul (t) (6)

u,,, =Ugcosy(t)+2,(t) (7
oF
6aay k=20 (5= p)

v (1) = ot —%Z) +o,

U, =2UF, (%)

Cac dién ap may thu u,, va may thu u,, duoc goi
twong wng la cac tin hiéu kénh “trir” va kénh “cong”.
Khi giai bai toan vé téng hop hé do goc tdi uu, cac dai
luong pha y(t), hé sb Ko va dién ap Uy dugc coi nhu
da biét. Cac phuong trlnh kénh quan sat (6) va (7) cd
thé biéu dién dudi dang phuong trinh ma tran - véc to
Sau:

U.,p (t)=Hx+E, (1) +m ®)

Trong d6: Upp (t) = (Unpl ,Unpz);

He k,cosy -k cosy '
0 0 ’

T .

S.(® () =[¢.®, ..M

=[0 U, cosy]

D¢ giai quyét bai toan dat ra, bai béo s& xay dung
thuat ton bo loc bo loc tuyén tinh can t6i wu thich
nghi (dung mang no ron), dong thoi véi xac dinh cau
tric h¢ kin bam goc myc tiéu ra da véi dién ap phan
hoi toi vu diéu khién goc quay ang ten ra da.
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2. Xay dwng thuat toan thich nghi dung
mang no ron cho hé xac dinh toa do goc
Muc tiéu ra da

Loi giai bai toan xay dung thuét toan thich nghi dung
mang no ron tong quét cho 16p cac hé bam vo tuyen
dién tir ¢4 duoc trinh bay trong cong trinh [6]. Hé xac
dinh toa d6 g6c muc tiéu ra da trong didu kién c6 yéu
t6 bat dinh trong phuong trinh trang thai muc tiéu la
mot trudng hop riéng cu thé cua 16p cac hé bam vo
tuyén dién tir néu trén. Do vay, bai bdo nay duya trén
cach tiép can va két qua ¢ [2,6] dé phat trién thuat
toén thich nghi ding mang no ron cho hé xac dinh toa
d6 géc muc tiéu ra da.

Theo [2,6], dang tuyén tinh hoa cua phuong trinh

trang thai (1) va (3) nhu sau:

) = FR)x +f(X) - FRX + Bu +&, +B,g,(x(®,Z()  (9)

Trong d6:

N . & (R, )Y
- Ham véc to: f(X,)= &~ ‘W
gf (%0
. F.E. O 1;1
- Ma tran khéi: F(x,t)=§¢* "
) %0 g O f(Xy,t){j
Oy Fy= elaDlo =g
Xt
N 1107211 S
F (%, )= — (x, =%,)
y

La ma tran chuyén vi Jacobi kich thudc (npnp) va
(nxny), 01 va 0, 1a ma tran s6 khong kich thudc (nyny)
va (nleZ)- .

Khi trién khai day du:

gﬂ fotl()A(otlt) ﬂfotl()’\(m’t) ﬂfotl(xotit) 3
g ﬂxotl ﬂxotz ﬂxotnz 3
&Moo Rort) T (Ror ) T (X )
Fut()’\(ot't): g ﬂxotl ﬂxotz ﬂxomz 3
& u
%]fomz(kotvt) ﬂfotnz(kotlt) ﬂfomz()‘zot't)ﬁ
8 ﬂxoll ﬂxotz ﬂxolnz H
g’ﬂfyl()"(yi) ﬂfyl(ﬁy!t) ﬂfyl(xyvt) 3
g ﬂxyl ﬂxyz ﬂxynZ 3
ey ) Ty The(%0
F &, 0= g Xy TXy2 MXyn2 3
g U
€ u
%ﬂfym(ky,t) Fpna(Xy. 1) ﬂfynz(x DY
& ﬂxyl ﬂxyz ﬂxynz ﬁ

Theo [2,6], kénh quan sat phi tuyén ) xap xi gan
dung boi phuong trinh tuyén tinh (tuyén tinh héa tai
diém wdc lugng X .

U ® =HRXx+u,(Xt)-HXX+&,()+m (10)
Trong d6: H(X) = ﬂuc(x,t)‘ = ﬂuc(z(,t) - la ma tran
% | 9%

chuyén vi Jacobi ;
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oug (X.t) oug (X.t)
0%, %
HE=| ... (11)
g, (X,1) g, (X,t)

Véi cac budce tuyén tinh héa nhu trén, bai toan co cac
ham phi tuyén tuong minh f(x), uc(x) co thé dua dugc
vé dang sir dung két qua cua ly thuyét loc tdi uu tuyén
tinh.

Céc thanh phan bét dinh trong phuong trinh trang thai
(2) va (3) s& dugc wdc lwong xap xi ding mang no ron
theo cac sai s6 dong hoc dugc trinh bay nhu sau.

Ap dung dinh Iy 1 trong [1] : xét véc to trang thai n,
chiéu x(t) ciia hé phi tuyén quan sat duoc :

k=1 (x(t)
Uy ()= (x(1)) +m
Xét cac toa do x(t) nam trong khdi cau n, -
kinh T thugc R™ .

B, = {x(t) e R™ x(t)<T}

Gia dinh dau ra (Iugng quan sat) ciia hé thong

(12)

chiéu ban

Uy, (t) € R™ c6 vi phan dén bac (n,-1) 1a gi6i noi.

Khi d6 véi sb& >0 , s& tdn tai mot tap cac trong )
gi61 ndi va co thoi gian tré ~duong: d > 0 sao cho ham
f(x(t)) trong (12) c6 thé xap xi héa trén tdp dong By
bang mang noron tham s tuyén tinh.

f(x(1) = MTo(u(®) + e(u(®),[M|_ £ M”
Voi Mg <M7g(u(t)), <

Str dung véc to dau vao :

p(uy (1)) =[ AU, (1)..A0 MU, ()] R
()] <4

Trong d6 cac ky hiéu thanh phan vi phan (sai phan)
hitu han xac dinh baoi:

APz (£) 0 Uy (1)

(13)

Y (t-d)

k=1,2,...vau*>01Ia gigi ndi va don di¢u trong B.
Str dung dinh 1y 1 trén d€ xem xét xap xi ham g, (X, z;)
dung mang no ron dugc xac dinh trén tip dong.

D, :{(x,zl): xeD, <R™;z €D, < R"“}
Vi D, va Dy la cac tép dong.
9 (X’ Zl) =M To-(lu(t)) + 5(#0))

: * (14)
Ml <M Je(u)] <&



Héi nghi toan quéc lan thir 3 vé Piéu khién va T dong hod - VCCA-2015

Trong d6 M* ky hi¢u gi6i han trén da biét cua chuan
Frobenius cua cac trong so trong phuong trinh (14), p
la vector cac thanh phan vi phan hitu han cua gia tri
do luong u,, (t)trong (13); o(u(t))- ham sigmoid

cho mang no ron o(X )=
ang (x) e

Ap dung 1y thuyét loc t6i wu tuyén tinh cho cac
phuong trinh trang thai tuyen tinh hoa (7) va xap xi
h?m bat dinh baoi Mang no ron (14), nhéan duoc so do
tong quét cua bd loc toi vu thich nghi nhu sau:
K=F(%,t)+Ky[uy, (t)-u, (% )-m | +Bu+B,.9,, (t) (15a)
X=F(%)%+K,, [y, (t)-u, (X t)-m|+Bu+B,.9, (t) (15b)
Trong d6: K, =2DH"(X)G,, la ma tran cac h¢ sd
khuéch dai cua bo loc, D 1a ma tran ham tuong quan
hau nghiém, Gz, 14 ma tran cuong d¢ tap trang kénh
quan sat, 9, (t)=MTo(u(t)) 1a véc to dau ra mang
no ron thuc hién xip xi héa ham bét dinh gy(x, z,),
M — u6c luong cua trong s duoc chinh dinh online.
Luat chinh dinh mang no ron cho M 1a:
M (®) =T {o (1)), (1) +K, (T, (1)) M (t)]
Trong dé: U, Ou,(t)-0,(t).k, -
chinh, (xem (2) var,, >0- tbc d6 hoc cua mang no
ron.
Ky hieu e(t)d x(t)—X(t)ta c6 thé dua ra sai sé dong
hoc cta bo loc nhu sau :
e(t)=f (x(t))- F (%(t))+Bg (x(1). 2. (t))-
- Bl‘gad (t)_ KM |:unp (t)_uc ()A(’t)_ m:|
Thay thé 4., (t)= MTo(u(t)), phuong trinh (14) vao

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

e(t)= f (x(t))= F (X(t)+BM () (u(1))+
+BE(u(t)) =Ky [y, (1) = U (R,t)—m]

M (®) =Ty, {o(1(1))y, () +k, (g, ()M (0} (18)

Trong phuong trinh b loc thich nghi (15), thanh phan

ma trin phuong sai hau nghiém D dugc tim tu

phuong trinh Ricatti sau :

D = F(X)D+DF' (X)- 2DHT (X)D +0,5G,,

Trong d6 G, - ma tran cuong do tap trang &,(t) ;

Era &y €ra

(16)

hé s6 luat

(17)

(19)

phuong sai hau nghiém ;
Bai toan xac dinh dién &p téi wu diéu khién truyén
dong dng ten u,, dugc tim tir diéu kién téi thiéu hoa
phiém ham chit luong :

t
| =My (e -2 ) + AU @drt ()
t
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O day, M, {.} — ky hiéu phép toan liy ky vong xac
suét trong diéu kién quan sat the hign U, (t) (x Iy tin
hiéu quan sat). Trong diéu kién bai toan nay véi
nhitng phuong trinh trang thai, quan sat 1a tuyén tinh
va véi tiéu chuan chat lugng dang (20), thi ta c6 the
tim dicu khién t6i wu theo phuong phip nguyén Iy
cuc dai Pontraghin cho diéu khién cuc bo (local
control) va tim duoc vec to didu khién téi uu U, nhu

da trinh bay trong [2]:

b, = =
u=u, = (gr € (21)
K
Trong d6 €., €, la nhitng gia tri udc lugng goc e, va

€ra-
Thay cac gia tri vat ly cua cac ma tran va véc to cla
hé xac dinh gdc muc tiéu nhu trong cac cong thuc &
phan dit van dé cua bai bao vao cac biéu thuac (15b)
va (19) va trién khai twong minh dudi dang vo huéng
ta nhan duoc :

Phuong trinh khéi danh gia ciia bo loc tao
lap cac wdce luong can tdi uu xac dinh goc muc tiéu ra

da €, vagdc quay ang ten g,

‘ée = _kz;éz + Dsr chl + D«:‘,L‘,a chZ + Bllgad (t) (22)

(23)
(cac diéu kién ban dau cho (22) va (23) la cac goc
81"(':0) Vé Sra(to))'

Trong d6 :

Zy,+ Zg4, - céc dai lugng v6 hudng tao thanh vec to
Z4. Cua bd phan biét

2k cosy o
Zyy = G—[unpl (t)-kp (¢, —&,,)cosy)
&ul

Sea = bu'auaIr + Da,ara Zdul + Da,a ch2

(24)

Zyr =2y (25)

Phuong trinh khdi chinh xac cua bo loc tao lap cac

phuong sai hau nghiém cua sai 6 loc
-2k,D, —k3(D, -D,, )’

: e’ 40,56, (26)
r Giul Lot
—k.D__ +k*(D, -D._)D, -D,
Dg . — € E€pp P ( & €€y )( € £ ) (27)
rera Géul
_k2 D -D 2
. = p( Era Eréra ) (28)
ra G

Trong cdc phuong trinh (24) - (28) tat ca cac thong
S0 déu da biét, trir cac phuong sai ban dau khi
t=t,-D, (t,).D, (t,)vaD,, (t,). Cac diéu ki¢n
ban dau nay can xac dinh tir ¥ nghia vat ly thuc té.
Sau khi giai dugc cac phuong trinh nay, co thé tim ra
quy luat bién doi cuiaD, , D, vaD,, theo thoi gian
va dudi dang cac chuong trinh tuong Gmg dua vao cac
bo khuéch dai vei cac he s6 truyenD, , D, vaD,,
(hinh 2). So @6 céu trac dong hoc (hinh 2) cua hé
thich nghi ding mang no ron dé xac dinh toa do goc
muc tiéu ra da trong diéu kién bat dinh ctua phuong
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trinh trang thai myc tiéu ra da duoc tong hop co két
hop v&i mach tao géc bam sat €, toi wu.

- Bétinh |
_________________ toans gTiéu
X khin
Tan hinh Upy
b,

k_cosy o —=
a A
i
1 R ) S I
| i
i i
] — 1
! K !
:I____T_ I R | € :
| Dii framy | !
| diéu khign | ! £,(ty) :
i . i i A w2 Lo i
i téng quat i i €, & n i
! H fna | {Dee, | —= !
] ] ] > 1
e TP - ! P Ug,
i HE truyen o | |
L | g ang | a e
i t \
I L. oy —
! :
j ia 200 T O et i
i i
Lt
i i

= (T-:)
H.2 So do cdau tric déng hoc cia hé thich nghi

dung mang no ron dé xdac dinh toa dé goc muc
tiéu ra da trong diéeu Kién bat dinh cua phuwong
trinh trgng thai

3. Két luan

Diém mai dong gop vé mat khoa hoc ciia bai bao so
VvGi cac cong trinh da duoc cong b 1a dé xuat va xay
dung dugc cAu trac hé xéc dinh toa do goc muc tiéu ra
da don xung trén co s tong hop thuét toan bo loc
tuyén tinh can tSi wu thich nghi voi chinh dinh dung
mang no ron theo thong tin tir kénh quan sat dé khéc
phuc yéu té c6 thanh phan ham bét dinh trong phuong
trinh trang thai. Thuét toan loc thich nghi duoc xay
dung ¢ day khong chi dua ra cac udc luong cho goc
muyc tiéu &, gbc quay ang ten &, , ma con két hop
ddng thoi v6i xay dung dic tinh phan lap t6i wu [6], t6
hop dugce voi dién ap diéu khién téi wu goc quay ang
ten dé nang cao chat lugng toan hé¢ thong. Dan dit
chimg minh cac két qua thuat toan trong bai bao khi
thuc hién riéng biét cong doan xay dung bd loc thich
nghi va cong doan xdy dung dién ap diéu khién toi wu
truyén dong dng ten c6 co so khoa hoc tin cay dua trén
dinh 1y phan tach riéng hai cong doan ti wru hoa nay
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(loc t6i wu va diéu khién t6i uu) ma khong anh huong
dén tinh khoa hoc tong quat (dung cho cac hé tuyén
tinh ngau nhién). Do noi dung ctia bai bao da kha 16m,
nén phan md phong so sanh hiéu qua cua thuat toan
mdi véi cac thuat toan trude day sé duoc trinh bay
riéng biét trong cac bai bao khac (ndi dung mé phong
cung c6 dung luong kha l6n do co nhiéu diém tinh té
nén can duogc giai trinh chi tiét, tin cay cac ludn cir
khoa hoc). Phuong huéng nghién ciru phat trién tiép
theo clia céc tac gia 1a mo rong giai quyét bai toan xay
dung hé thich nghi dung mang no ron dé xac dinh toa
d6 goc muyc tiéu ra da don xung véi dic tinh phi tuyén
cua bd phan biét.
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Lé Hai Ha sinh nim 1973, tot
nghiép chuyén nganh Tén Ilua
phong khéng cua Hoc vién K¥
thuat Quan sy nam 1998. Tur nim
1998 dén nay anh la giang vién
cta B6 mén Ty dong va Ky thuat
tinh, Khoa Ky thuat diéu khién,
HVKTQS. Huéng nghién ctru chinh 1a thiét ké va thyuc
hién, khai thac cac hé¢ théng do luong, diéu khién
trong quan su, cac hé thdng nhing va hé théng mang
cbng nghiép.
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