Mo phéng & Piéu khién thiét bi bay

XAY DUNG LUAT DAN VA PIEU KHIEN TEN LUA HAI KENH
TIEP CAN MUC TIEU CO PONG TREN CO SO
AP DUNG LY THUYET PIEU KHIEN HIEN DAI

T6 B4 Thanh'", Trdn Xuan Khanh?, Hoang Van Long®, Tran Ptrc Thuan®

Tém tit: Bai bdo trinh bay két qua két hop hai cong trinh da dugc cong bé [9, 10] dé
xdy dung ludt diéu khlen cho hai cap canh ldi tén lita hai kénh tlep can muc tiéu co dong.
Bai bdo [9] da gidi quyét bai todn xdc dinh gia toc phap tuyén t6i wu dé tiép can muc tiéu
co dong, bai bdo [10] xdc dinh quy ludt thay doi hai cdp canh ldi dé cé gia toc phdp tuyén
mong muon.

1. PAT VAN PE

Xét 16p thiét bi bay (TBB) co6 cau trac nhu trén hinh 1. Ciing nhu céc thiét bi bay khac
dé diéu khién quy dao bay can tac dong vao cac canh lai (4 canh), nham tao ra goc tin va
goc truot canh dé co luc phéap tuyén. Luc phap tuyén & dy c6 ban chét 1a cac luc khi dong.
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Hinh 1. Thiét bi bay hai kénh cé co cau réllerén.
Quy udc cho hé toa do lién két cua tén lira hai kénh nhu sau (hinh 2): truc OX trung
v6i truc doc, mdt phang OXZ chtra canh 1ai B-B tao goc tan, mat phang OXY chtra canh
lai A-A tao goc truot canh.

Hinh 2. H¢ toa do lién két trén tén lita hai kénh.

Hai cap céanh lai A-A va B-B 1a may lai dang ro le, tirc 1a chi c6 thé tao ra hai goc
léch ¢ dang ngudng +8 hodc —8 (& =const). Viéc tao ra luat thay ddi hai cip cénh lai
nay dé dat mot gia tri gia tc phap tuyén theo yéu cau da duoc giai quyét tai cong trinh
[10]. Tuy nhién, vin dé& bam theo muc tiéu co dong trén khong chua duoc dé cap.
Trong c6ng trinh [9] c6 giai quyét van dé xac dinh gia tbc phap tuyén dé muc tiéu bay
bam theo muc tiéu ¢ giai doan sat muyc tiéu, xong chwa dé cap dén van dé ¢ céc giai
doan trude va chua cu thé hoa cho cac co ciu lai. Trong b4o cao nay, nhom tac gia s&
két hop va phét trlen hai cong trinh trén. Vi kénh d¢ cao, chuyén dong trong mit phang
thang dimg ciing giéng mat phang nam ngang vé mit toan hoc, nén chi xem xét chuyén
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dong trong mit phang nay, con dbi voi mat phang nam ngang sé co két qua tuong tu
(chi khac ¢ diém khi xem xét chuyén dong & mat phang thang dirng phai c6 thém thanh
phan gia téc trong truong).

2. XAY DUNG THUAT TOAN XAC PINH GIA TOC PHAP TUYEN
TOI UU KENH PQ CAO

Téng hop luat tu dan 13 bai toan tong hop luc phap tuyén tac dong vao tam khdi thiét
bi bay (TBB) dé duy tri mot tham sb nao d6 cua quan hé tuong dbi gitra muc tiéu (MT)
va TBB. Cin ¢t vao quy ludt quay duong ngim TBB - MT c6 thé chia nhém phuong
phap dan hai diém thanh: phuong phap « dan duoi phuong phap dan thang, phuong phap
dan tiép can song song, phuong phap dan tiép can ti 1& [1]. Hau hét cac TBB bay tu dan
s dung phuong phap dan tiép can ti 1¢ (TCTL). Viéc nghién ciu tong hop luat dan
TCTL d3 duoc nhiéu cong trinh de cap, két qua cong bd da chimg minh phuong phép
TCTL la mot phuong phap dan téi vu dam bao cuc tiéu do truot khi TBB tlep can muc
tidu. Bén canh d6, mot s6 cong trinh [3, 5-7] da s dung 1y thuyét diéu khién hién dai dé
tim luat tu dan cho TBB trén co s& phuong phap dan TCTL, tuy nhién, cac nghién ctru
nay da bo qua anh hudng cua cac yéu t6 nhu: su thay doi cua téc 46 TBB, su co dong
ciia MT va gia toc trong truong. Bai bao [4] da ing dung ly thuyet diéu khién t6i wu dé
tim luat din cho 16p TBB c¢6 toc do thay doi, nhung ludt dan dé xuét chua dé cap dén kha
nang co dong cua myc tiéu va tac dong cua gia toc trong truong. Cong trinh [2] da de
xuat luat dan t6i wu theo phuong phap TCTL va c6 tinh dén cac yéu td giy sai s6 dong,
tuy nhién, phuong phap giai bai toan ciia [2] chuwa mang tinh tong quat, chi ding cho mot
truong hgp khi muc tiéu khong co dong.

Muc dich cua bai bao la ing dung ly thuyet diéu khién t6i wu dé tong hop luat dan cho
mot 16p TBB ty dan co toc do thay doi dén diém gap MT khi tinh dén cac yéu t6 gay sai sO
dong. Trude tién, bai bao trinh bay bai toan diéu khién t6i uu cho hé thong phi tuyén co tac
dong cua nhiéu. Tlep theo, tong hop luat tu dan v&i mo hinh TBB ¢6 tde do thay dbi khi
tinh dén kha ning co dong ctia myc tiéu, tic dong cua gia toc trong truong va gia toc doc
truc trén co s& 4p dung bai toan diéu khién ti wu trong diéu kién c6 tac dong nhidu.

Xét mot 16p hé thong phi tuyén c6 tac dong ctia nhiéu dudi dang [8]:

X =f(X)+BU+CZ (1)

Bai toan yéu cau tong hop luat diéu khién toi uu cho hé thong (1) dé cuc tiéu hoa ham
chi tiéu chat lugng J dang toan phuong:

3 :%XT(tf).CD.X(tf)Jrj%(XTQX +UTRU)dt @)

Trong d6: X 1a véc to bién trang thai; U 1a bién diéu khién; Z 1a trang thai nhiéu tac
dong; f(X) la ham cua bién trang thai X; B 1a ma tran diéu khién; C 1a ma tran nhiéu;
® 13 ma tran trong sb co tinh chét xac dinh dwong; Q 14 ma tran trong s theo bién trang
thai c6 tinh chat xac dinh dwong; R 14 ma tran trong sd theo bién diéu khién c6 tinh chat
xac dinh duong, to 1a thoi gian bat ddu dicu khién tdi wu; t; 13 thoi gian két thic diéu
khién t6i uu.

Theo dinh 1y trong [8]: Néu X' (t) 1a trang thai t6i uvu thoa man cuc tiéu ham chi tiéu
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chéfg luong dang toan phuong (2) trén quy dao cua hé théng phi tuyén (1), thi bién diéu
khién t6i vu twong ing la:
U™ (t)=-R'B'G(X,t)—R™BTK,(t) (3)

Trong d6: G(X,t)1a ham ctia bién trang thai X va thoi gian t; K, (t) 1a nghiém cua
phuong trinh:
K, =a(X"(),t)K,+B(X"(t),t)CZ, K,(t;)=0 (4)

Céc ma tran (X(X*(t),t) va B(X*(t),t) duoc xac dinh theo biéu thirc:
a(X(t),t)=V,GBR'B" —(V, )|

B(X"(0.t)==V,8,
Néu mot hé théng tuyén tinh c6 f (X) = AX, khi nay, hé théng (1) c6 dang:

X=X"(t) (5)

X = AX +BU +CZ (6)

Trong truong hop nay, bién dicu khién toi vu tuong ung la:
U'(t)=—R'B"K (t)X —R™B"K,(t) (7)

Vi K, (t) va K, (t) 1a nghiém cua hé phuong trinh vi phan:
K,=KBR'B'K, —K A-A'K,-Q, K,(t,)=® (8)
K,=(KBR'B'-A")K,-K CZ, K,(t,)=0 (9)

Tt cac phuong trinh (8), (9) c6 cac nhan xét sau:

- Ma tran hé s6 K, hoan toan c6 thé xac dinh truc bang cach giai hé phwong trinh
(8) khi cac ma tran A, B, Q khong thay ddi trong qué trinh diéu khién.

- Vi diéu kién bién ctia (9) & phia phai, nén dé xac dinh K, (t)& thoi diém t can phai
biét Z & thoi diém tuong lai trong khoang (t, t), ttrc 1a phai du doan Z.
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Hinh 3. Twong quan hinh hoc gitta TBB va MT trong mdt phdng thiang ding.
Xét mo hinh dong hoc tu din cuia TBB tmg dung trong quan su khi tin céng muc tiéu

co dong, turong quan dong hinh hoc gitta TBB va MT trong mat phéng thing dung duoc
thé hién trén hinh 3.
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Theo [1] hé phuong trinh dong hinh hoc trong mat phang thiang dimg nhu sau:
D =V,, cos(8,, —c) -V, cos(b, —c) (10)
Dé =V,, sin(8,, —o) -V, sin(6; —o) (11)
Tién hanh lay dao ham hai vé phuong trinh (11) c6:
Dé + D& =V, sin(8,, —c)+V,, (8,, — ) cos(8,, —c)-V; sin(0; —c)
~V; (6; —&)cos(6; —o)
D6+ D& =V, sin(6,, —c) +V,,8,, cos(p,, —c) -V, sin(6; —c)
-V, 0. cos(0, —c)—a[V,, cos(8,, —c)—V; cos(; —o)]

Néu van téc muc tieu M va van tdc thiét bi bay T thay d6i cham va cac goc 0,6 co

(12)

(13)

gi4 tri nho thi cac s6 hang V,, sin(0,, —o),V; sin(6; —c) & vé phai ciia biéu thirc (13) s&
1a cac vo cling bé bac hai nén c6 thé bo qua. Tir (10) ta thay gia tri cua biéu thic trong
ngoic [.] bing D. D& dang nhan thdy, céc tich V,,0,,, V.0, la cac gia tc phap tuyén
ctia myc tiéu va TBB, tirc 1a W,, =V,,0,,, W, =V, 6. . Tir cac nhan xét trén phuwong trinh
(13) s& c6 dang sau:
2D& + D& =W,, €0s(0,, — o) —W; cos(6; —o) (14)

Trong d6: T va M tuong frng’ la vi tri cua TBB va MT; D la khoang céch gitra TBB va
MT; o goc nghiéng duong ngam TBB - MT; 6, la goc nghiéng quy dao TBB; 0,, la
g6c nghiéng quy dao MT; g la gia tdc trong truong; W,,, W, tuong ung la gia téc phap
tuyén ciia MT va TBB; W, 1a gia toc doc truc ciia TBB; W, , W," twong tmg 1 cac
thanh phan gia tbc MT va gia toc TBB, vudng goc voi duong ngim; W' 1a thanh phan
gia téc doc truc TBB, vudng goc v6i duong ngam; g 1a thanh phan gia téc trong
trrong, vudng goc voi dudong ngam.

Trong truong hop cac goc 0,,, 0;, o cd gia tri nhd, thi phuong ciua gia téc phap
tuyén cia TBB va MT gin vuéng goc véi duong ngam va (cos(B,, —o)~1,
cos(8; —c) ~1), khi d6, gia toc phap tuyén trong kénh do cao s& 1a tong [2]:

W, =W +W " —g* (15)
Tir (14) va (15) ¢6 phuong trinh xap xi nhu sau [1, 2]:
2DG+ D& =Wy — W —W! +g* (16)

Trong d6, & 1a tbc d6 goc quay duong ngim trong mit phing thang dung, duoc ky
hi¢u la ®, (o, =&). Nhiém vu cta diéu khién dan theo thong tin tbe do duong nga"lm la
tao luc dé co gia toc phap tuyén W:" cho TBB sao cho toc do quay dudng ngim o, tién
to1 0 va duy tri xung quanh gia tri khong nay. Khi vén tbe muc tiéu co gia tri nho hon
nhiéu lan toc do tén lira (diéu nay hoan toan hgp ly d6i voi van dé dung tén lira dbi hai
ban muyc tiéu trén bién) thi tham s6 D c¢6 thé duge xap xi bang tdc d6 cua thiét bi bay Vr.
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Phuong trinh (16) khi nay c6 dang:
Dé>, + 2V, =Wy — W — W + g* (17)
Hai phuong trinh (15) va (17) duoc trich dan tir cac cong trinh [1, 2], c6 di do tin cay
va hop ly.
bat x, =w,; X, =d, =%; u=Wr; Z=W,; -W, +g", khi nay, phuong trinh (17)

¢6 thé duoc viét dudi dang khong gian trang thai nhu sau:

X =X,
X—_% _i_{_é
? DY D D
Hoac:
X:{ﬂ:Axwuwz (18)
2
O day, A, B, C la:
0 1 0 0
A= 2V, 0;B= 1,C=l1,U=u
D D D

Déi voi cac TBB tu dan ¢ trong trang bi cho quéan doi cac nudc hién nay, luat diéu
khién chu yéu dugc thuc hién theo phuong phap tiép can ti 18, tirc la u=Kx . Trong
cong trinh [2] tac gia da tong hop luat dan tdi wu, song chi xét trong trudong hop dai
luong Z khong bién doi theo thoi gian, tic 14 Z = Const. Con trong cong trinh [9] c6 giai
phap diéu khién t6i wu theo tidu chudn toan phuong cho hé tuyén tinh dimg, nén chi co
gia tri cho giai doan cudi (sat muc tiéu). Vi cy ly D thay d6i lién tuc nén phuong trinh
thir hai cta hé trudc cong thirc tré thanh phuong trinh c6 tham sé thay d6i, do vdy, hé
(18) trd thanh hé khong dimg. Pé ap dung luat diéu khién tdi wu theo tiéu chuan toan
phuong nhu [8] d4 thuc hién can c6 giai phap bo sung. Giai phap do 13, dinh ky thuong
xuyén cap nhat thong ti vé cu ly do thiét bi do cu ly truyén sang va trong khoang thoi
gian nga‘in han coi D la héng s6 va thue hién luat diéu khién nhu [9] di dé xuét nhu sau.

Vay ma tran A, B, C trong hé (6) sé la:

0 1 0 0
A= _% O;B: _i;C:i (29)
D. D, D,

O day, D, 1a thong tin vé cu ly nhan duoc ¢ khoang thoi gian thi i
Thay luat diéu khién (7) vao (6) nhan duoc:
X =(A-BR™B'K,) X —BR™B'K(t)+CZ (20)
Dé hé hoat dong thi hé tuyén tinh (20) phai 6n dinh, tirc 12 ma tran:
A"=A-BR'B'K, (21)

24 T.B.Thanh, ..., T. D. Thudn, “Xdy dung ludt din va diéu khién ... Iy thuyét diéu khién hién dai.”



Nghién ciru khoa hoc cong nghé

phai thoa mén tinh chat Hurwitz, nghia 14 c4c nghiém ctia phuong trinh dic trung:
‘ det(IL—A")=0 (22)
phai c6 phan thuc 1a am.
Trong thyc té dé xac dinh ma tran K,co thé thay viéc giai hé phwong trinh vi phan (8)
bang hé phuong trinh dai s6 sau [8]:
KBR'B'K, —K A-A'K -Q=0 (23)
Dé phan thuc cac pghiém cﬁa phuong trinh (22) c6 gia tri am thi khi giai phu:orl}g trinh
dai so bac hai (23) can phai lay nghiém K, (trong hai by nghiém) dat yéu cau phan thyuc
nghi¢m phuong trinh (22) c6 gia tri am.
bit bién sb:
T=t, -t (24)
Khi t=0 thi t=t,, con khi t=t, thi t=0. Day chinh 1 tham s thoi gian ngugc véi
mdc thoi diém cudi qué trinh diéu khién, khi ndy, phuong trinh (9) s& ¢6 dang:
Ky(1)=-K,(t) =—(K,BR'B" - A")K, +K,CZ

T -1QT (25)
=(A"-K,BR™B" )K, +K,CZ, K,(0)=0

Theo [8], ma tran nghiém K, cua phuong trinh (23) c6 tinh d6i xtg qua dudng chéo
chinh. Vi vay:

A" -KBR'B'=AT =¥ (26)
Do vdy, nghiém cia phuong trinh (22) cling 1a nghiém ctia phuong trinh:
det(12—~[A" —K,BR'B"])=0 (27)

Nhu vay, phuong trinh (25) ciing ¢6 tinh 6n dinh. Vi hé phuong trinh vi phan (25) 1a
tuyén tinh nén theo [8], néu biét nghiém clia n6 & thoi diém 1, va ham Z(y) trong
khoang t, <y <, thi nghiém ctuia n6 dugc xac dinh nhu sau:

K, (r) =e"" K, (1) + [ " VK CZ (z)dy (28)
T
Vi céc nghiém cta phuong trinh dic trung ciia ma tran W ¢6 phan thyc am nén dinh
muc cia ma tran e*™ ¢6 tinh chét sau:
lim ||

(t—1y) >

=0 (29)

Nhu vay, véi moi gia tri &€ dwong nho tiy ¥ thi ludn tim duoc gia tri T dé thoa méan:

Yol <g néu t-1)>T (30)

e

Khi d6, nghiém K, (t) dugc xap xi nhu sau:

(1+T)
K()~ [ e"™PKCZ(x)dy (31)

T
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Hinh 4. Luu do thudt todn tong hop ludt thay déi gia téc phdp tuyén toi wu thich nghi.
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Hoac:

K (1)~ [ e"PKCZ(x)dy (32)
T
Vi 1 1a bién thoi gian nguoc véi thoi gian theo (19) nén khi dé:
(t+T)

K~ | e"YK,CZ(x)dx (33)
t

Tir (33) cho thay, dé xac dinh dwgc K, (t) & thoi diém t can phai c6 thong tin vé Z(x)
trong mot khoang thoi gian khong dai (T) trong tuong lai.

Tu bleu thire (7) va (33) cho thay, dé tong hop dugc dleu khién t6i wu trong thoi diém
hién tai can phai biét téc do quay duong ngam va gia téc cua no cung voi cac thong tin
cliia myc tiéu, thanh phan gia toc trong trudng va thanh phan gia téc doc truc chiéu 1én
duong ngam trong khoang thoi gian trong tuong lai.

Tir cac trinh bay néu trén c6 thé xay dung luu d6 thuat toan xac dinh gia tc phép
tuyén toi uwu nhu hinh 4. Vi c6 tinh cap nhat thuong xuyén thong tin vé cu ly dé hi¢u
chinh tham s6 ma tran mo hinh trang thai mo ta hé thong, nén luat thay doi gia toc phap
tuyén can cd cua tén Itra 1a toi wu c6 tinh thich nghi.

Trong thuat todn ndy, 1énh KT 1a 1énh két thiic qua trinh diéu khién khi tén lua gip
muc tiéu hoac qua thoi gian bay quy dinh va phai tu huy. Cac luat diéu khién hai may lai
tén Itra 8, va &, s€ dugc trinh bay cu thé & muc sau day.

3. XAY DUNG QUY LUAT THAY POI CANH LAI DANG RO LE
CHO TEN LUA HAI KENH
May lai dang ro le 0 cau tao don gian, kich thuéc nho, phu hop véi tén lua ¢ nhé.
Tuy nhién, thuat toan diéu khién sé phuc tap hon.
Dbi vai loai tén lira co kich thudc nhé thuong ding may lai dang ro le, tirc 1a cac dai
lugng Oy, O, chi nhan mét trong hai gié tri ngudng (Mot gia tri ngudng am, mét gid tri
ngudng duong, do 16n hai ngudng nay thuong co gia tri bang nhau §*). Tuy nhién, luat

tao ra ching dé thoa mén diéu kién gia téc phap tuyen tac dong vao tén lua dat gia tri
theo yéu cau s& phuc tap hon. Nhu da trinh bay gia téc phap tuyén can tao ra cho tén hia

chinh Ia Iénh diéu khién téi wru (u=W;") duge thé hién qua cong thirc (7) va (33).
Theo két qua trinh bay & [10], luat thay d6i canh 1ai dang ro le dé tén lira c6 gia toc
theo yéu cau cho cdp canh 1ai kénh bay thang dtng Oy s€ la:

8, =5 sing(f (1) =5"sin g(%sin(oat) +bsin(2ot)) (34)

h

Tuwong tu, lénh diéu khién ddi véi co cau lai kénh bay trong mat phang ngang §,, sé la:

5, =8 sing(f(t))=8"sin g(E—Zsin(wt) +bsin(2wmt)) (35)

ng

Trong d6, K, va K, [8] 1a cac tham sb phu thugc vao ciu tao tén lia, b 1a mot tham
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s6 duoc chon 1a mét hang sb, phu thudc vao gié tri gia toc phap tuyén 16n nhat ma tén

lra c6 thé dat dugc. Hai tham s6 d, va d,chinh 1a hai gi4 tri dugc xac dinh theo cong

thirc (7) va (13) khi giai quyét bai toan diéu khién tdi uu cho kénh bay thing ding va
kénh bay ngang, tic la:

b =U,"(t)=—R'B,K, ()X, —R.'B TKhl(t) (36)

b, =U,, (1) =Ry "By Ko )Xy =Ry "Brg" Ko (1) (37)

ngx
Cac ky hi¢u trong (36) va (37) chinh 1a cac ky hi¢u trong cac bleu thure tr (19) dén
(33) khi xét cho timg kénh. Két qua xac dinh gia toc phap tuyen t6i wu 13 co s¢ dé xac
dinh tham s6 d, (khi diéu khién tén hra bay trong mat phang thang dung) va tham sé d,
(khi tén lira chuyén dong trong mat phang ngang). Nhu vay, da két hop duoc két qua hai
cong trinh [9, 10] da cé.

do cao h
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Hinh 5. Ludt Diéu khién tén lira 2 kénh twong g véi tran bay 500 m.

28 T.B.Thanh, ..., T. . Thudn, “Xdy dung lugt din va diéu khién ... Iy thuyét diéu khién hién dai.”



Hinh 6 1a tuvong tng v6i d6 cao 750 m bang cong cy md phong Matlab-simulink,

bang & cac d cao khac nhau (500 m, 750 m, 900 m). Bai toan diéu khién & ddy 1 dua
tén Itra 1én céc d9 cao trén va duy tri on dinh d6 cao d6 dén khi gap muc ti€u. Chi mo

tién hanh mé phong cho mét chung loai tén lira hai kénh gia dinh (qua cac thong sb gia
dinh 6%, K, , Ko va b). Kich ban mé phong la cin tiép can mot loai muyc tiéu bay
phong giai doan 1y do cao va duy tri mot doan do cao bay bing dé kiém chung hai

Nghién ciru khoa hoc cong nghé

thuat toan néu trén.
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Hinh 6. Ludt Diéu khién tén lira 2 kénh twong vng véi tran bay 750 m.
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Mo phéng & Piéu khién thiét bi bay

Hinh 7 14 trong trudng hop tran bay 900 m
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Hinh 7. Ludt Diéu khién tén lira 2 kénh twong vng véi tran bay 900 m.
4. KET LUAN

Viéc phat trién két qua diéu khién t6i uu theo tiéu chuan toan phuong dé xac dinh gia
toc can c6 cho tén Iwra hai kénh theo théng tin vé toc d6 quay dudng ngam thay cho luét
dan tiép can ti 1é s& nang cao hiéu qua ban cho tén lira. Viéc cap nhat thong tin vé cu ly
muc tiéu cho phép hi€u chinh tham s6 md hinh m6 ta quan hé dong hoc gitra tén lira va
muc tiéu da hi¢u chinh mot cach thich nghi bai toan xac dinh gia toc phap tuyén toi wu.
Tir thong tin vé gia tdc phap tuyén toi uu di xac dinh luat thay d6i co cau may lai cho hai
canh 1ai diéu khién tén lira hai kénh. Nhu vay da két hop duoc két qua cua hai cong trinh
[9, 10] d4 cong bd.

30 T.B.Thanh, ..., T.D. Thudn, “Xiy dung lugt din va diéu khién ... Iy thuyét diéu khién hién dai.”
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ABSTRACT

STEERING AND CONTROL DESIGN OF TWO-CHANNEL MISSILES
APPROACHING MOVING TARGETS ON THE GROUND
OF MODERN CONTROLLING THEORY

This paper presents a solution for building a steering rule for on-air chasing

and approaching missiles based on the development of an algorithm for
adaptively changing the route optimization force. Then the backstepping solution
is applied to determine the rule for changing the controlling wings for a type of
dual-channel aircraft.

Keywords: System synthesis; Flight vehicle control; Flight vehicle.
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