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TOM TAT

Bai bdo trinh bay cdc két qua nghién ciu, tong hop phwong phdp dan tiép can ty 1é tang
cuong co tinh to1 lwong bu dich tam diém ngdm muc tiéu cho I6p tén hia phong khong ti dan
hong ngoai. Tién hanh phan tich va xdy dung lénh bu dich tam diém ngam thich nghi theo muc
tiéu trong pha cudi ciia qud trinh tw dan tén lira dé tang cuong xdc sudt tiéu diét muc tiéu. Céc
két qua nghién Ciru, m6 phong da ching t6 cdc wu diém vuwot tréi cua ludt dan méi so véi ludt
dan tiép cdn ty 1é truyén thong.

Tir khoa: Tén lira phong khong tu din hdng ngoai; Dan ty 18 ting cudng; Bu dich tim diém ngim muc tiéu.
1. DPAT VAN DE

Hién nay, phuong phap dan tiép can ty 18 (PN - Proportional Navigation) duogc s dung phé
bién trong diéu khlen tu dan cho 16p tén lira (TL) phong khong tu dan hong ngoai [1-3]. Trong
qué trinh bay tlep can muyc ti€éu (MT), b toa d0 bam sat cua TL c6 xu hudng bam sat theo diém
phét nhiét 16n nhit cia MT chang han nhu ludng phut xa ra tir dong co thay vi trong tim ciia MT
bay. Pdi v6i 16p TL phong khong tu din hong ngoai ¢6 cu ly tac chién ngan, luong nd chién dau
nho thi d truot muyc tiéu tirc thoi nay 14 16n, tir d6, lam giam xac sudt tiéu diét MT.

Mot trong nhimg phuong phap dé tang cuong xac suét tiéu diét MT cho l6p TL loai nay la cai
tién phuong phap dan tiép can ty 18 truyén thong bang cach thém vao luat dan mot 1€nh bu dich
tam diém ngam thich nghi theo muc ti€u. Tham s6 1énh bu dich tam diém ngam nay s€ lam thay
dbi vi tri diém ngdm MT tir diém ngim cii tai ludng phut dong co sang diém ngim méi tai trong
tdm ctia MT bay (hinh 1a).

Bai bao nay s& trinh bay cac két qua nghién ctru, xdy dung phuong phap dén tiép can ty 1¢ ting
cuong (APN - Augmented Proportional Navigation) cho 16p TL phong khong tu din hong ngoai
¢6 tinh dén bu vi tri diém ngém muc tiéu trong diéu kién muc tiéu co dong. Khao sat, m6 phdng,
danh gia va so sanh cac két qua vé& do truot tirc thoi ciia phuong phap dan ty 18 ting cuong voi
phuong phap dan ty 1é truyén thong trong cac truong hop ban dén va ban dudi MT co dong.

2. LUAT DAN TIEP CAN TY LE TANG CUONG CO TiNH TOI
LUQNG BU DICH TAM PIEM NGAM

Xét bai toan ty dan TL-MT trong mot mit phing thang dung Oxy, twong quan dong hinh hoc
(PHH) ty dan giita TL va MT co tinh t6i su dich chuyén vi tri diém ngam MT dugc thé hién trén
hinh 1b. Céc tham s6 trong hinh 1b duge dinh nghia nhu sau: O — Vi tri cia TL; P — Diém ngim
tai ngudn nhiét & ludng phut dong co ciia MT bay (diém c6 cudng do birc xa hdng ngoai manh
nhit dugc phat hién béi dau tu dan TL); Q — Piém ngdm mdi tai trong tAm ciia MT trong lut
dan tiép can ty 1é tang cuong; R, = PQ — Khoang cach dich chuyén diém ngam; D,, ¢, -Culy

tuong ddi va goc dudong ngam TL-MT trong luat dan tiép cn ty 18 truyén thong; Dy, ¢4 —Culy
tuong ddi va goc duong ngdm TL-MT trong luat din tiép cén ty 16 ting cuong; 1 — Goc sai léch
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gitra truc quang va truc doc TL; 6, — GOC nghiéng truc doc TL; 6, — GOC nghiéng quy dao
MT; V,, — Van toc ctia TL; V,,; — Van toc ciia MT.

“~. Danty 1¢

tang cudng
D
O
Hinh 1a. Thay doi vi tri diém ngam Hinh 1b. Tuwong quan DHH tw dan TL-MT
trén MT. véi dich chuyén diém ngdm.

Trong phwong phap dan tiép can ty 1& truyén thong, gia toc phap tuyén cia TL ty 1& véi toc do
quay cua duong ngam TL-MT [2, 3]. Phuong trinh dan c6 dang:

Wi =NV, 1)

Trong do: W;, — Gia toc phap tuyén ciia TL, c6 phuong vudng goc véi duong ngam TL-MT;

N — Hé¢ sddan (N=3+5); V= —Dp — Van tc tiép can TL-MT; ¢, — Van tbc gbe clia duong
ngam TL-MT.

Phuong ’phép dan tiép can ty 18 truyén thong (1) c6 do chinh xéac ,dﬁn cao khi MT c6 kha nang

co dong thap hodc khong co dong (W,,; =0), quy dao TL dugc nan thang khi tiép can MT [3,

4]. Khi MT c6 kha nang co dong cao, thi luat dan (1) s& gay ra sal sO lon. Trong truong hop nay,

ngudi ta thuong ap dung phuong phap dan ty 18 co tinh téi tham sb gia toc caa MT. Phuong trinh
dan luc nay c6 dang:

. N
Wr =NV, + ?WMT 2
Trong d6: W,,; — Gia tdc phap tuyén ctia MT.
Muc dich cua ludt dan tiép can ty 1é ting cuong 1a t(f)ng hop dugce 1énh bu dich tim d~iém ngém
trong vong di¢u Khién bam sat con quay (hinh 2) va két hop véi luat dan ty 1€ (2) dé dan TL dén
diém ngam Q 1a trong tam cta MT bay (hinh 1a).

Pp

@

B¢ gioi
han

A (bq

Hinh 2. So d6 vong bam sdt con quay c6 tinh t6i lénh bt dich tam diém ngdm.

Trong hinh 2: A¢,, — Lénh bu dich tdm diém ngim thich nghi theo muc tidu; ¢, — Tdc do
goc duong ngim TL-MT; ¢,, — Toc d6 goc duong ngdm TL-MT & dau ra khau bam sat con
quay; (b;s — Tbe do g6c duong ngém TL-MT tai du ra bd gidi han tde do goc; Ky —HéE s6 dan
dong con quay; T,y — Hang sb thoi gian din dong con quay.
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Ta co tuong quan vé goc cua hai dudng ngam TL-MT tai P va Q trong hinh 1b dugc viét nhu sau:
Rqsin(@, —Our)

sin(o, o) = 5 3)
q
LAy dao ham hai vé ctia (3), ta co:
. R .. D, .
Qg =Pp — D, COS((sp _(Pq) ((Pp —Our )COS((Pp —Our )—E:SIH((PD _eMT) 4)

Trong do: ¢, Dq tuong tng 13 téc d6 goc dudng ngdm TL-MT va vén tdc tiép cdn MT khi
¢6 l1énh bu dich tam diém ngém thich nghi theo muyc tiéu.

Trong (4), sai léch goc 49 =¢, —¢, nho nén Cos((pp —(pq)z 1. Trong pha cubi tu din thi
biéu thie D, /D, s& trd 1én vo ciing 16n so voi hiéu téc do goc (¢, —Oyr ). Khi do, (4) cd thé
twong duong véi bi€u thire sau:

R,D

(qu(pp+ ngSIH((pp_eMT) (5)
q

Trong pha d4u va pha giita clia qua trinh tu dan, cu ly trong d6i TL-MT D, 16n nén sai 1éch
goc do=0,— ¢, rat nho. Vi vay, qua trinh din trong hai giai doan nay twong tu nhu luat dan ty
1¢ truyén théng. Tham sb Dq / qu s& 16n trong pha cudi tu dan do D, tién dan t6i 0 khi TL tiép
can gan dén MT. Do do, phuong phap dan tiép can ty 1 tang cuong chi phat huy hiéu qua ¢ pha
cuoi cua qua trinh ty dan.

Trong (5) thi goc nghiéng quy dao muc tiéu 0,,; khong thé quan sat dugc khi MT khong co
dong [5]. Vi vay, ta phai bién ddi sai léch goc ¢ o —Our vé dang khac. Tir tvong quan DHH trén
hinh 1b, ta c6 mdi quan hé vé géc dé TL trang MT la:

Viur Sin((Pq _eMT)szL sin((pq _eTL) (6)
Phuong trinh (6) c¢6 thé duoc bién ddi vé dang sau:
Vi Sin| (04 =9, )+ (0, =Our ) | = Ve sin| (0,0, ) +2.] )
V6i gia thiét sai 1éch goc Ag = ®, — @y nho, thi (7) dugc xap xi nhu sau:
. V.
sin(@, —0yr )~ =—"=sin)
(05 ~0ur )= ®)

Thay (8) vao (5), ta thu duoc 1énh bu dich tim diém ngim thich nghi theo muc tiéu A¢,, c6 dang:

RyD, V.
APy =g =, =— = TEsink 9)
t ‘ P Dc? VMT

Trong (9), cac tham sé Ry, V;, , A d biét hodc co thé do dugc qua bo toa dd con quay. Tuy

nhién cac tham s Dy, Dq , Vur khong thé do duoc qua bo toa do cua TL tu dan héng ngoai. Vi

vily, trong trudng hop ndy ta can phai udc luong cac gia tri nay 15q , Dq , \7MT . Tuy nhién, cac
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cdng trinh [5, 6] da ching minh rang khi str dung phuong phép dan ty 1¢ truyén thong cho lop TL
héng ngoai voi chi mot kénh do toc do goc dudong ngdm TL-MT thi khong thé woc luong dugce
céc tham s ctia muc tidu khi MT khong co dong. Nguyén nhén 1a do trong hé thong diéu khién
ctia 16p tén lira nay thiéu kénh do cu ly.

Dé tang tinh quan sat dugc cho hé théng diéu khién, mot giai phap dua ra 1a bo sung thém
thanh phéan tan s6 dao dong cua vector duong ngam TL-MT vao phuong trinh dan [6]. Khi nay,
phuong trinh dan (2) dugc viét lai nhu sau:

. N
Wi =NVio, +?WMT +FD,o, (10)

Trong (10), tham s6 F 1a hang sb duong, tuong tmg voi tﬁn s6 dao dong tu nhién cua dudng
ngam TL-MT khi TL coﬁc}ng trong qua trinh ty dan. Tan sO dao ddng nay xué§ hién do sai so
dan ban dau cua TL ty dan hong ngoai ngay ca khi MT khong co dong. Trong vé phai cua (10),
s6 hang thir ba (FDp(p p) duogc coi 1a tin sé dao dong cta duong ngdm TL-MT.

Két hop (10) vé6i 1énh bu dich tim diém ngim (9), ta s& thu duoc phuong trinh luat dan tiép
can ty 1€ tang cuong nhu sau:

S\ N .
WTL = NV’[C ((Pp + A(ptn)"'?WMT + FDq(Pp (11)

Trong d6, cac tham s6 Vtc, D WMT 1a cac gia tri wdc lugng tuong trng dugc xac dinh tir bd

udc luong trang thai st dung b loc Kalman mo rong [7]. Phuong trinh dan tlep can ty 1€ tang
cuong (11) sir dung thanh phan tn s dao dong cua vector dudng ngam TL-MT dé nang cao tinh
quan sat dugc cho b uwdc luong trang thai trong pha dau va pha gilta cua qua trinh tu dan. O pha
cudi ty dan, tham sd 1énh bu dich tim diém ngam sé& lam ting x4c suét tiéu diét MT bang cach di
chuyén diém ngam dén trong tdm cia MT bay.

3. MO PHONG VA BiNH LUAN
Viéc md phong, gia hi¢u qua lam viéc cua phuong phap dan tiép can ty 16 tang cuong duoc
xem xét trong thanh phan cua vong di€u khién kin quy dao TL-MT. So do khoi md phong su
dung Matlab/Simulink dugc thé hién trén hinh 3.
e

Boéng hinh hoc TL-MT
S-function
Do trugt Trang thai

K[ W_tar
Tf-s+1

ht_DoTruot

Loc Kalman M& Réng

Missile_Target_Inter
S-function1

Loc théng thép-

Gia tbc muc tiéu
EKF_Estimator
Nhiéu trdng_MT K1 Noise_Meas.
Tl -s+1 P(k-1) 1 P(K)
Nhiéu tréng_ EvT——" z
0c thon ap-
Po Nhigu doglwmfg x1) Delayt % )

Luat Dan Ty Lé
Khéi ty dong lai Truyén théng
Khau dao ddng bac 2

v — f W*_mis W_missile  State_Input [« Sel.
e
Sat. Index . -3

W_mis’

_ State [«

- w3 s Luat Dan Ty Lé
Bu dich diem ngam Téing cudmg

Hinh 3. So do khoi vong diéu khién kin tén hira tir dan trong Simulink.
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Trong hinh 3, m6 hinh PHH TL-MT cho béi phuong trinh vi phan sau [3, 7]:

. 2D 1
¢, =_p(Pp +_(WMT _WTL) (12)

D, D,

Khdi tu dong 1ai (Autopilot) 1a khau dao dong bac hai c6 ham truyén:
WTLa K

G,(s)= = 2
w() W 1+2(T,s+T/s? (13)

Trong d6: K, 1a hé s 1énh ciia TL; T, 1a hing s thoi gian ctia hé ty dong 14i.
B6 loc Kalman mo rong dugc st dung dé uoc lugng cac tham ) trang thai trong (11) voéi véi
vector trang théi [7): X =| D, D, ¢, @, Wy | vathoi gian trich miu T =5-107*(s) .

Gia tc ciia MT co dong dugc mo ta dudi dang mo hinh Singer v6i b loc thong thap co
phuong trinh vi phan nhu sau [8]:

Wy = —=AeWor + Eur (14)

Trong d6: Ay, 1a hé sb c6 tinh t6i tinh chit co dong ciia muc tidu (A, =0.3 (1/5)); & la
tap tring voi phuong sai nhidu o3, =15(m/s?%) .

Céc tham s6 mo phong ciia TL va MT duoc cho nhu sau: van toc cia TL V;, =450 (m/s);
van toc ctia MT Vyr =250 (m/s); hé s6 din N =4; tin s6 dao dong riéng cua vector duong
ngam TL-MT F =3; khoang cach dich chuyén diém ngam R, =8(m); bién d6 lénh bu dich
diém ngim duoc gidi han trong khoang 15% cua tdc do goc 16n nhat ciia con quay dau tu dan:
|A(pm|S 2(deg/ sec) [9].

Dé danh gia chat lugng cua phuong phap dan ty 18 ting cudng, ta tién hanh mé phong voi hai
truong hop dong hoc TL-MT nhu sau:

3.1. Trudng hop bin dudi MT

Céc tham s6 md phong khi bén dudi MT: D,(0) =2500 (m); ¢,(0)=25"; X (0)=0;
Yyr (0) =2000(m); 0, =35°; 0,; =10°; K, =3; T, =0.75(s) ; tai thoi diém t=1(s) MT co
dong voi gia toc W,,; =10 (m/s?). Két qua mo phong véi luat din tiép can ty 1é ting cuong
trong truong nay duoc thé hién trén hinh 4.

Do cao bay [km] Téc d6 goc [Deg/sec Gia téc tén Itva [m/sec?]
3
/ 2 2 ? /
T s~ .
2 o \ \ - /
g . 0 =
A(i)!n ~ -
1 :
—— Muc tieu \
------------- Ten lua 0 -20
0 o2 3 0 2 4 6 8 0 2 4 6 8
Cu li ngang [km] Thoi gian [sec] Thai gian [sec]
a. b. C.

Hinh 4. Két qud mé phong ludt dan ty 1é ting cuong khi bdn duoi MT:
a— Quy dao TL-MT; b — ddc tuyen lénh bu thich nghi khi ban duoi; ¢ — Gia toc cua TL.
3.2. Truwomg hop bin don MT

Cac tham sb6 mod phéng khi ban dén MT: D,(0)=3600(m); ¢,(0)=20°;
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X 7 (0) =3000(M) ; Y7 (0)=2000(m); 0, =25°; 0, =170°; K, =5; T, =0.5(s); tai thoi
diém t=1(s) MT co dong véi gia tbc W,,; =10 (m/s®). Két qua mo phong trong truong hop
nay dugc thé hién trén hinh 5.

Do cao bay [km] Téc do goc [Deg/sec] Gia téc tén Itra [m/sec?]

L|—— Muc tieu
3 2 20

&
------ Ten lua 2 RS J-
0 . - : e

1
1 i ‘o A‘i’m /
et \ 20

0 1 2 3 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Cu li ngang [km] Thoi giag [sec] Thoi gian [sec]
a. . C.

Hinh 5. Két qua mé phong ludt dan ty 1¢ tang cwong khi ban dén MT:
a— Quy dao TL-MT; b — Bdc tuyén lénh bu thich nghi khi ban don, ¢ — Gia toc cua TL.
Viéc danh gia chat lugng ctia phuong phap dan ty 1¢ ting cudng so véi phuong phap dan ty 1¢
truyén thong dugc tién hanh qua viéc so sanh do trugt MT tuc thoi h(t) [1, 3]:

2

D
h(®) = "6, (15)

tc

Céc két qua so sanh gia tri d¢ truot tirc thoi cua hai phuong phap (‘ﬁm tuong ung voi hai
truong hop ban dudi va ban don MT cho 16p TL phong khéng tu dan hong ngoai [9] duoc thé
hién trong bang 1.
Bdng 1. So sanh dj truot tirc thoi.

N b9 truot h(t) [m], b truot h(t) [m],
T Ph hap da A . C
Hons PRap can ché d6 Bén dudi MT | ché o Bén don MT
1 | Tiép can ty 1€ truyén thong - PN 4.1 4.7
2 | Tiép can ty I¢ ting cuong - APN 2.2 2.9

Nhan xét: Cac két qua mo phong trong bang 1 cho thiy, ca hai phuong phap dan déu c6 thé dua
TL &n gip MT, do truot nam trong khoang cho phép [9]. Tuy nhién, do trugt tirc thoi tai diém va
cham cua luat dan tiép can ty 18 ting cuong nho hon so véi luat dan tiép can ty 1é truyén thong.

Trong db thi trén hinh 4b va 5b, ta thdy rang 1énh bu dich tdm diém ngam thich nghi theo muc
tiéu c6 gia tri 16n va cyc dai tai pha cudi ciia qua trinh tu dan. D6 thi gia toc phap tuyén ctua TL
trén hinh 4c, 5¢ cho thay sy co dong ctia TL can c6 dé ting kha ning quan sat dugc cho hé théng
diéu khién trong qué trinh ty din.

4. KET LUAN

Bai bao da trinh bay phuong phap téng hop luat din tlep can ty 1€ tang cudng cho 16p tén lua
phong khong tu dan hdng ngoai, glup tang cuong xac suat tiéu diét muc tiéu. Cac két qua mé
phong dé chimng to phuong phap dan tiép can ty 1¢ ting cuong c6 nhitng uu diém vuot troi so voi
phuong phap dan ty 1¢ truyén thong nhu do trugt tirc thoi nho, it nhay cam voi sy co dong cua
MT va tang tinh quan sat dugc cho bo udc lugng trang thai cia hé thong diéu khién cua 16p tén
lira tw dan hdng ngoai chi c6 mot kénh do téc d6 goc duong ngam TL-MT.
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ABSTRACT

Synthesis of the augmented proportional navigation with lead bias aim point
adapted to target for self-guided infrared missile

The paper presents the research results of augmented proportional navigation with
taking into account a lead bias command aim point adapted to target for an infrared
self-guided surface to air missile. The lead bias command in the terminal phase is
proposed to engage the target kill probability. Simulation studies have demonstrated
outstanding advantages of the proposed guidance law is compared with pure
proportional navigation guidance.

Keywords: Infrared self-guided surface to air missile; Augmented proportional navigation; Lead bias command aim point.
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