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NGHIEN CUU TONG HQP LUAT PIEU KHIEN TRUQT CHO
THIET BI BAY VOI HE THONG DAN VA PIEU KHIEN TiCH HQP

Nguyén Minh Ta*, Nguyén Vi Thuin?
YWién Ky thudt diéu khién, Truong Pai hoc Ky thudt Lé Quy Dén

Tém tit
Thiét bi bay (TBB) c6 kha ning tin cong va tiéu diét cac muc tiéu duong khong dang duoc
nhiéu nudc trén thé gidi san xuat va dua vao sir dung. Bai béo d¢ xuat tong hop hé thong
dan va diéu khién tich hop méi cho TBB dua trén co s¢ diéu khién trugt (SMGC) nhiam
nang cao chét lugng vong diéu khién va tmg dung cho céac loai TBB hién dai véi kha ning
co dong cao. Bai bao nghién ctru so sanh hé SMGC véi hé théng thong thuong sir dung hai
vong dén va diéu khién doc 1ap SMG-SMC, tir @6 dénh gia wu, nhuoce diém ciing nhu chat
lwong va do chinh x4c cuia hé thdng tich hop méi duoc téng hop. Két qua bai bao cho thdy
hé thong tich hop str dung diéu khién truot c6 chit lugng t6t hon va ¢6 uu diém dang ké
trong trudng hop tiép can muyc tiéu c6 tinh co dong cao, do truot thip hon va goc léch canh
1ai it bi dao dong khi so sanh v&i hé thdng dan va diéu khién thong thuong.
Tir khéa: Piéu khién truwot; hé thong dan va diéu khién tich hop, thiét bi bay; ludt dan; hé thong
tw lai; gia toc phap tuyén.

1. Pit van dé

Trong xu huéng phat trién hién dai cua cac muc tiéu trén khong, dac biét la céc
mdi de doa nhu may bay tiém kich, tén lira hanh trinh, UAV..., viéc nang cao hiéu qua
bai toan dan TBB tiép can muc tiéu dong vai tro quan trong. Phuong phap thiét ké hé
théng dan va diéu khién TBB thong thuong can sir dung hai vong lap riéng biét 1a thiét
ké luat dan (vong ngoai) va thiét ké luat diéu khién (vong trong), sau d6 két hop hai
khau thanh mot hé théng kin (Hinh 1).

Gia toc cua TBB Gia tbc cia TBB

Muc tiéu Vin toc goc cia TBB |:|Muc . Van e g6c ciia TBB
Trang thii Trang thai
cua muc tiéu . n
i cla muc tiéu|

. énh diéu khién "
Lujt di }—-{ Ty l4 }—»L"“ S X Pong hoc TBB P Lénh didu khié
‘ uit din w 14 canh fai ong hoc Hé théng IGC }—'gnc:nlﬁuléi 'S Dong hoc TBB

Van tdc va vi tri cua TBB
Hinh 1. Hé thong ddn va diéu khién Hinh 2. Hé théng ddn va diéu khién tich hop
TBB thong thuong. cho TBB.

Vin te va vi tri cua TBB

Mot phuong phap thiét ké duoc bai bao dé xuat 1a thiét ké hé thdng dan va diéu
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khién tich hop cho TBB trén co s& diéu khién truot (SMC). Py 1a phuong phap nang
cao hiéu qua tiép can muc tiéu bay co dong cua TBB bang céch thiét ké dong thoi hé
thdng diéu khién va hé thong din véi yéu cau do truot nho (Hinh 2).

2. Phwong phap diéu khién truet SMC

Phuong phép diéu khién truot SMC [1] 1a mét trong cac phuong phap diéu khién
bén viing giai quyét bai toan diéu khién khi hé théng c6 nhitng thanh phan nhiéu loan bi
chan khéng biét truéc, thanh phan khdng chic chin hoic chira tham s bat dinh.

Mot s6 nghién cau di tng dung phuong phap diéu khién truot dé tong hop hé
théng dan va diéu khién TBB. Luat din TBB theo phwong phap tiép can ti 1& (PN) s
dung SMC dé thiét ké duoc dé xuat trong [2]. Mt truot dugc lua chon ti 1& véi toe do
goc quay duong ngam LOS va gia toc co dong cua muc tiéu duoc xem Ia thanh phan
khong chic chan bi chan. Trong [3], luat din sir dung diéu khién truot thich nghi dugc
xay dung. Bo diéu khién va dan tich hop (SMGC - Sliding Mode Guidance and Control)
duoc trinh bay trong [4] duoc thiét ké tir hé thong dan - diéu khién 2 vong lap, st dung
phuong phép backstepping va diéu khién truot bac cao.

3. X4y dyng mé hinh hé thong
3.1. Cic khdu dgng hinh hoc va dgng hec phi tuyén
a) Méi tiong quan déng hinh hoc giiza TBB - myc tiéu

Xét hé toa do quan tinh Bé-cac X, —O, —Z, (Hinh 3), ky hiéu M va T lan luot
biéu dién cho TBB va muc tiéu. Toc do, gia téc phap tuyén va goc nghiéng quy dao
tuong tng 1 V, a va 7 ; cu ly nghiéng TBB - muc tiéu la r; goc gitra duong ngam LOS
v6i huéng ban dau cia TBB 1 4.

Bo qua thanh phan lyc trong truong, méi quan hé dong hinh hoc TBB trong hé
toa d6 cuc (r, A) gan véi TBB nhu sau:

F=V, 1)
A=V, It 2)

i " Zyr
Zus y AN
Zr
Hinh 3. Bgng hinh hoc Hinh 4. Mdéi quan hé cac goc giira hé toa do
giira TBB - muc tiéu. lién két va hé toa dé toc dg TBB.
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Trong d6, van toc tiép can TBB - muc tiéu V, c6 gia tri:

V. =-]V,, cos(y,, —4)+V; cos(y; +4)] (3)
va van téc vudng goc vai duong ngim LOS V, la:

V, ==V, sin(y,, —4)+V; sin(y; + 1) 4)
Thoi gian bay con lai dén muyc tiéu t,, duoc xé4c dinh:

to=-T/V, (%)
b) Dong hoc cua muc tiéu va TBB

Gia sir muc tiéu chuyén dong véi tée do khong dbi va khau dong hoc co dong cua

muc tiéu 1 khau quén tinh bac nhat [5], md ta boi:

a =(ar —a5)/ % (6)

yr=a IV, ()

trong d6: 7, - hang s thoi gian ciia khau dong hoc cua muc tiéu; a - gia téc lénh co
doéng caa muc tiéu.
Pong hoc TBB trong mit phang thang dimg duoc biéu dién véi hé phuong trinh:
V,, =[T cosa - D(a,5)]/ m
a=q-[Tsina+L(a,d)]/(mV,,)

q=M(ea,q,9)/1 €)
=g
5=(5°-0)Ir,

trong do: q - tbc d6 goc gat cua TBB, m va | lan luot 1a khdi luong va md men quén tinh
cia TBB, & - goc quay canh lai dugc diéu khién bai bo truyén dong lai dang servo mo ta
béi mé hinh dong hoc bac nhat véi hang sé thoi gian 7., M - md men gat cua TBB,
T - luc ddy dong co doc theo truc doc ciia TBB, L va D lan luot 1a lyc nang va luc can.
Bo qua tac dong cua luc day va tée do ctia nd thay d6i khong dang ké, hé phuong trinh (8)
giam xubng thanh mé hinh bac 4 nhu sau:

a=q-L(a,d)/(mV,)

=M (c,q,6)/
gzq(aq ) ©)
5=(5°-08)Ir,
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3.2. Tuyén tinh héa cdc khau dgpng hinh hoc va déng hec
a) D¢ng hinh hoc giza TBB - myc tiéu
Gia sir van toc V, =const, thoi gian tiép can t, =—r, /V, c6 dinh. Thoi gian t, tu

phuong trinh (5) tré thanh t,, =t —t. Goi z 1a do léch tuong déi gitra muc tiéu va TBB
vudng goc véi huéng LOS ban dau: z =z, —z,, . Cac phuong trinh chuyén dong vudng
g6c voi LOS ban dau 1a:

2=V, siny, =V,,siny,,; z(0)=0 (10)

Z=2an —ayy; 2(0)=V;siny, =V sinyy, (11)

trong d6, a,, Va a,,, lan luot Ia gia téc cua muyc tiéu va TBB vudng goc vai LOS, cu thé:

ayn = 8y COS(¥yo — ) (12)
Ay = 8 COS(yyo +4,) (13)
X
Or X;

Zry
Hinh 5. Quan hé déng hinh hoc TBB - muc tiéu tuyén tinh héa.
Hé kin cua dong hoc TBB duoc xap xi tuong dwong vai khau quan tinh bac nhat
véi hang sé thoi gian 7,, . Xét ham truyén véi gia toc lénh trén TBB a, (dau vao) va gia
tc thyc té cia TBB a,, (dau ra), ta co:

1

ay, = a 14
M1t STy (14)

Str dung vecto trang thai X, cua bai toan dan dugc tuyén tinh hoa la:
Xs=[z 2 an aw] (15)

Ham chi tiéu duoc st dung nhu sau:
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J(u,v):%Zz(tf)+%jau2(f)—ﬂv2(r)dr (16)

trong do: u(t) - tin hiéu diéu khién cua TBB, v(t) - tin hiéu diéu khién caa muc tiéu,
Z(t) - d6 truot ZEM. Phuong trinh trang thai caa hé thong cé dang:

X=AXx+Bu+Cv a7
Str dung vecto trang thai X, tir biéu thire (15), ¢6 thé viét lai nhu sau:
Xs = AsXs + BGaI(\:/IN +GGa"(r:N (18)
Cu thé la:
z 01 0 0 Z 0 0
7|00 1 -1 | 2 0 | 0| )
= + +
Wl 100 <1z 0 | a, o | ™ 1/ |
Ay 00 0 -lry|law]| |1/, 0
trong do:
_ 01 0 0
A = [’8\]311 f‘;ﬂ } v6i A, =10 0 1 |, A,=|-1 (20)
e =20 0w 00 -1z, 0
0 0
0 0
B, = , Gg = 21
G O G 1/ TM ( )
1/ 7y, 0

va a;, va ag,, lan luot 1a gia téc lénh muc tiéu va TBB vudng goc véi LOS ban dau.
b) Dong hoc cua TBB
Pong hoc TBB trong mit phang thing dimg duoc mo ta trong hé phuong trinh (9):
%, = A,X, +B,5° (22)

trong d6: vecto trang thai caa hé théng x,, =[a ¢ 5]T ; cdc matran A,,, B,, c6 dang

nhu sau:
-L /v, 1 -L,/V, 0
A, =| M, M, M, [,By=| 0 (23)
0 0 -1/z, 1/,
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Gia toc phap tuyén - thanh phan trong biéu thac (15) 1a tin hiéu didu khién hé thong
dan va diéu khién TBB:
Ay =CyXy (24)
trong do:

Cu :[La 0 LJ]COSO/MO_]O) (25)

¢) Bong hoc tich hop
Vecto trang thai caa bai toan dan va diéu khién tich hop cho TBB nhu sau:

Xee=[z 2 an @ q o] (26)
Phuong trinh trang thai trong truong hop nay la:
Xee = AscXac + Bacd® +Gecany (27)
trong do:
[0]l><3
O L B (29
[O]3><3 AM
[0]...
Bee =[[0)s /7], Gy =[0 O 1/z; O 0O O] (29)

v6i Ay, A,,C,, duoc dinh nghia trong biéu thic (20), (23), (25).
3.3. D trwot ZEM
a) ZEM doi véi bai toan xay ding lugt ddn déc ldp
Cac phuong trinh diéu khién (18) - (21), @ (t,,t) 12 ma tran chuyén dbi co so [6, 7]
tuong rng vai cac khau dong hoc va dugc tinh toan nhu sau:
D (t;,1) = Dg (ty,) = exp(Asty,) (30)
Vi matran A, trong biéu thirc (20), xac dinh duge d6 trugt ZEM nhur sau:
Z5 2 Co®q (ty, )X =2+ 2y, +any Ty (ty, / 77) Ay Tu i (tgo / 7) (31)
véi Co=[1 0 0 O0]. Gia thiét sai léch nho trong tam gidc “va cham”, z vudng géc

v6i LOS ban dau c6 thé tinh toan xap xi nhu sau:

2~ (A=A)r (32)
Pao ham hai vé phuong trinh (32) theo thoi gian, ta co:
2+ 2ty =-Vit2 A (33)
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Do trugt ZEM tir phuwong trinh (31) va (33) ¢6 dang:
Zs= _Vrtgo/i’ +any z'Tzlr’/(tgo I 7)) —ay Ty w(ty,/7y) (34)

b) ZEM di véi hé thong tich hop
Xay dung A.. va bién doi tuong tu (31), tir cac biéu thuc (27) - (29), ta co:

Zoo 22+t +an iy (ty, [ 7)) +v, (t )+, (t,)a + v, (t,,)S (35)
Thay ba thanh phan cia (35) thu duoc tir ma tran chuyén doi @ (t,,) tuong ing
v6i A, cua biéu thuc (28), d6 trugt ZEM cho hé thdng IGC ¢ gia tri nhu sau:

Lo = —Vrtgzoj’ +an TTZ l/’(tgo [7:)+Coc P (tgo))_(GC (36)
trong do:

Doe (tgo) = eXp(ABCtgo) 7

Cec = [1 0 00O O] (38)

Xoc = [0 00 aq 6]T (39)

4. Tong hop hé thong din va diéu khién TBB trén co s¢ diéu khién truot
Pau vao cua hé thong 1a 1énh truyén dong canh lai ¢ trong khi gia téc Iénh cua
muc tiéu a‘, duoc xem nhu 1a nhiéu loan.

Do trugt ZEM Z . theo biéu thuc (36) xac dinh mit trugt nhu sau:

Tac = Zac (40)
Chon ham Lyapunov va dao ham cta n6 nhu sau:
1
Foe =75 Occ (41)
iec =0Oqac ZGC (42)

Pao ham hai vé biéu thirc (36):
Zoe ==Vt A+ V8 A+V ANty + Ay (ty / 7 ) +any (ty / 7 ) 17

r-go r-go r-go

, . . (43)
+CGC [CD GC (tgo)XGCtgo + cI)GC (tgo)XGC]
Ta c0:
t ow(t [/ t Jo.—w(t [
w.[ﬁj: l//( go 2-T)= go TT l//( go TT) (44)
7 oty Tr

Str dung mdi quan hé dong hinh hoc tir phuong trinh (1) - (5), ta thu duoc:
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V. =VZ/r+a,sin(y, —A)+a sin(y +A)
V, =-V.V. Ir-a, cos(y, —A)+a, cos(y; +A)
A=V, Ir=VV, Ir’

t, =—1+V,r/V?

(45)

Céc khau dong hoc thuc té cua muc tiéu va TBB duoc gia thiét lién quan xap xi
mé hinh tuyén tinh bac nhat:

{aTN = (aTcN —an )/ 7r + Ay (46)
Ay = (aTCN —an ) Ty + A
trong do:
{|AaTN | < ZaTN (47)
|AaMN | < AaMN

Thay cac phuong trinh (44) - (46) vao biéu thic (43), sau mot s6 phép bién doi,
dao ham cua d6 trugt ZEM tich hop dugc tinh toan nhu sau:

ZGC =V, +an 7 [1- exp(_tgo Iz, )]}Vr r /Vr2 +7p (any + 71 Ay )‘//(tgo I7;) — gy

. o ¢ . (48)
+CGC [q) GC (tgo ) XGCtgo + q)GC (tgo ) XGC ]
trong do:
1 a® (t 0)
o GC (tgo) = % = Abcq)GC (tgo) (49)

go
Gia str lyc ndng va m6 men gat khi dong trong hé phuong trinh (9) duoc tao nén

bai than va canh TBB, dugc mo hinh hoa bai cdng thac sau:
L

= L2 f,(a) + L f,(a+ B) (50)

M B

T:Mafs(a)+qu+M5f4(a+ﬂ) (52)
trong do:

L®=L,-L, (52)

M; =M, -M, (53)

va f.(),1=12,34 lacéc ham bj chan md ta dic tinh khi dong phi tuyén cua TBB.
Hé thdng tu 14i dugc thiét ké dé diéu khién gia téc phap tuyén:
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L

ay = (54)

véi & duoc dinh nghia trong biéu thirc (50).
m

Hé théng tu 14i trén co sé diéu khién truot duoc thiét ké bang cach xap xi héa mo
hinh phi tuyén cua (9), (50), (51). Ta c6 hé phuong trinh sau:

a=q-[C2f(a)+ L, F(a+B) |1V,

G=M>f,(a)+M g+ M,T,(a+ ) (55)
5=(5°-0)Ir,

va
ay =L fi(@)+L;f,(a+p) (56)

trong do: L(),M(-) va f,(),i=12,3,4 Ia cic gia tri xap xi gan dung tuong tng Vdi gia
tri L, M va ham bi chan f.(-),1=12,3,4.
Gia thiét ton tai sai s6 gitra a,, va a,, :
ay —ay =A, (57)
Giatri A, bi giéi han véi biéu thic:
A=A, (58)
Pao ham hai vé cua biéu thuc:

a, =[L T, (@]a+[L,f, (@ + A+ p) (59)
va f.'(),i=12,3,4 1a cac dao ham riéng cua ham f.(),i=12,3,4 tuong tng véi dbi s6
caa no.

Str dung biéu thuc (57) trong md hinh phi tuyén cua hé phuong trinh (9), dao ham
cua cac trang thai trong phuong trinh (59) dugc mo ta nhu sau:

d:q_a_M:q_M (60)
VM VM

S5=(5°-0)Ir, (61)
Xac dinh ¢ dugc mo ta nhu sau:

G=M2f (@) + M q+M,T,(a+5)+A, (50)
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Vi A, 1a sai sb bi chdn trong phuong trinh mo men gt thoa man |A,| <A,
Thay cac biéu thirc trén vao phuong trinh (46), ta co:

Zoe =V, +any 7 [1- exXp(—ty, / 77 )]+ Coc Poc (o) Ve N.r/v?

. . (51)
+0¢ (tgo)0" [ 7o+ 77 (Any + 7 Ay )W (L [ 77) + A

trong d6: Ve = AscXocr @y = Yoc (2) (Phan tir thir hai cua vecto Vg ); ©52(t,,) 12
phan tir thir (1,6) ciia ma tran chuyén doi co s¢ g (t,,) trong biéu thic (37).
Tét ca cac sai s6 m hinh bi chin thoa méan diéu kién |Ag.|< A .
Nhu vay, bo diéu khién tich hop trén co so diéu khién truot SMC ¢6 dang:
5% = 8™ — lige SGN(05c )7, | DEL ()5 (62)

Tin hiéu diéu khién gitr trén mat truot 1a:

| t N Vore,
R

V6i dinh nghia cua tin hiéu diéu khién &°, dao ham trong biéu thuc (42) bi chan boi:

Loe < |Uec | (toc = Dumne = Dame = Do) (64)

Bang cach diéu chinh théa man diéu Kién e > Ay + Ay, +Age » Mt truot
Zs. — 0 trong thoi gian hitu han.

Dé han ché hién tuong rung “chattering”, thay thé ham dau sign() bang ham sat()
trong cac ham f.(-),i=12,3,4.

Bai toan nay st dung cac ham s6 f,(),i=1,2,3,4 ciia mo hinh dong lyc hoc (50),

(51) duoc lya chon bai ham bao hoa nhu sau:

Uy, u>Uu,,
sat(u) =4u -U,, <u<uU,, (65)
-U, u<-u,,

trong d6, U,, =30° véi moi gia tri i. Ddi voi bai toan SMG-SMC yéu cau tinh toan cac
dao ham riéng cua f,(),i =12,3,4 vai bién @, 5. Do d6, cin sir dung ham gén dung cia
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ham béo hoa (65) c6 dang:

_Umin +U . (66)

—o(X=Xg) min

U
f(X) =—
(x) 1+e

5. Két qua va thio luin

Bai bao danh gia hiéu qua cua hé thdng tich hop dé& xuat SMGC khi so sanh véi hé
thdng doc 1ap SMG-SMC ddng thoi sir dung md phong Monte-Carlo danh gia tinh bén
virng ddi voi céc thanh phan khéng chic chin cua hé théng SMGC di tong hop. Kich
ban md phong duoc thé hién bang cac tham sb duéi day.

Bang 1. Diéu kién ban dau cua bai toan

STT Tham s6 Thiét bi bay Muc tiéu
Toa d6 ban dau [m] (0,0) (1000,0)
G6c nghiéng quy dao ban dau [°] 20 0
Van tbc ban dau [m/s] 380 380
. . t
4 | Tin hiéu diéu khién 8, <30° a, = aTmaxsquare(A——Aq,)
.
5 | biéu kién dung r>0

Bang 2. Tham sé cua thiét bi bay va muc tiéu

STT Thiét bj bay Muc tiéu

1 an™ = 40g a™ =209

2 7, =0.02s, 7,, =0.1s 7, €[0.05, 0.2]s
L2 =1190 m/s?
L, =80m/s’

3 M? =-234s? AT =1s A¢ [0, 1]s
M, =160s™
M, =-5s"

Két qua md phong:

Khao sét tinh chat dong hoc caa muc tiéu va TBB. Gia téc muc tiéu md ta o (6)
duoc thé hién trén Hinh 6 va gia téc phap tuyén cia TBB thé hién trén Hinh 7 khi dau
vao goc quay canh lai c6 dang xung vubng vai bién do 1a 20° thong qua mo hinh dong
hoc TBB (22).
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40 . ' T 80

= = = Gia tbc muyc tiéu dat
Gia toc myc tiéu thyc té 60 -

30

40 +

20 1

ay [g]

0

-20 -

40t

-30 2 -60 |

-40 . . . -80 .
0 0.5 1 15 2 0 0.5 1 15 2

Thoi gian [s] Thoi gian [s]

Hinh 6. Gia téc co dong ciia muc tiéu. Hinh 7. Gia téc phdp tuyén ciia TBB.

Hinh 8 m6 ta quy dao bay cta muyc tiéu va TBB, trong dé vecto van toc ban dau
doc theo hudng LOS ban dau. Sau mot thoi gian ngin giy ra boi sai sé goc dén ban dau,
huéng LOS gan nhu khong thay doi trong thoi gian TBB tiép can muc tiéu.

Do truot ZEM trong Hinh 9 duoc tinh toan bang cong thic (36) cho hé thong IGC
va cong thire (34) cho hé thong doc 1ap. Sai sé goc dén ban dau dan dén do trugt ZEM
ban dau 16n va dugc giam dan khi TBB tiép can gan muyc tiéu. Nguoc lai v6i truong hop
hé thdng doc 1ap SMG-SMC, hé thong SMGC khong c6 dd quéa chinh va xap xi bang 0
(0,0017 m) sau thoi gian 0,67 S.

-500 : : . . 200
Tén lira - — —SMG-SMC
L Muc tiéu SMGC
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Hinh 8. Quy dao TBB - muc tiéu. Hinh 9. D¢ truot ZEM.

Hinh 10 thé hién gia toc phap tuyén ctia TBB trong hai trudng hop. Pdi véi
SMGC, gia téc diéu khién on dinh va it dao dong hon SMG-SMC. Hinh 11 biéu dién
gdc quay canh lai caa TBB trong qua trinh TBB tiép can muc tiéu. Ddi véi hé théng doc
1ap, goc quay canh l4i dao dong nhiéu va thoi diém dau c6 xuat hién gid tri bdo hoa.
Nguoc lai, hé thbng SMGC cho goéc quay canh 1ai it dao dong va bién do nho hon,
khong xuat hién hién tuong bdo hoa trong sudt qua trinh TBB tiép can muc tiéu.
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Hinh 11. Géc quay canh ldi diéu khién TBB.

Hinh 10. Gia toc phéap tuyén cia TBB.

Bang 3. So sanh dé triot ZEM va tin hiéu diéu khién

STT Hé théng Do trwot ZEM Gocquayca(:lhlalcu’cdal
[m] °]
1 | Hé théng doc lap SMG-SMC 13,851 30
2 | Hé théng tich hgp SMGC 0,0017 17,752

Hinh 12 va Hinh 13 biéu di&n phan bd ngau nhién cia tham sb L° véi sai s6 ngau
nhién 20% (phan b chuan). Bé danh gia tinh bén viing d6i véi cac thanh phan khéng
chac chan cua hé théng SMGC di tong hop, bai béo str dung phuong phap Monte-Carlo
dé thuc hién md phong bao gdm 100 mau chay cho mdi trudng hop kiém tra. Di véi
timg truong hop kiém tra, cac gia tri ngau nhién Ag, L, L;, M2, M, M, duoc mo ta

nhu trong Bang 4.

Bang 4. Thanh phan khéng chdac chan cia hé thong

ST ongenbeanin | ‘meiumin Liy miu
1 A¢el0,1]s Phan bd déu | unifrnd(0,1,100,1);
L? =1190 m/s?
L, =80 mis® Sai s6 10%: normrnd(1,0.1,100,1);
2 M2 =-2345? Phan bé chuan | Sai s6 20%: normrd(1,0.2,100,1);
l\ﬁ5 —-160 s Sai s6 30%: normrnd(1,0.3,100,1);
M,=-5s"
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Hinh 12. Gia trj sai s¢ mo hinh L. Hinh 13. Histogram phan bd cia L .

Trén Hinh 14, gia tri d6 truot trung binh dugc biéu dién khi h¢ théng SMGC ton
tai nhirng thanh phén khong chic chén véi sai s6 mé hinh 1an lugt 1a 10%, 20%, 30%.
Ta thy rang d6 hiéu qua bén viing trong trudng hop véi mo hinh chudn khéng co sai s6
v6i do trugt ZEM trung binh nho nhét.

Hinh 15 so sanh hiéu qua gitra hai hé théng doc 1ap SMG-SMC va hé théng tich hop
SMGC véi sai s6 mo hinh khong chéc chan 20%. Két qua cho thiy viéc sir dung bai toan
dan va diéu khién tich hop SMGC dan dén chat luong diéu khién tot hon trong khi d6 véi
thiét ké truyén thong hai vong doc 1ap SMG-SMC ¢6 d6 trugt trung binh 16n hon.

Bén canh d6, véi do co dong muc tiéu cao (dic trung boi hang s6 thoi gian 7, nho),
vu diém cua hé théng SMGC ciing dugc thé hién voi do truot thép hon so véi hé doc lap
SMG-SMC.

24 AN > 35— Ny - — —SMG-SMC
i et o SMGC
e N
22 fpoere” i N >
3 i =
N g
\\ 7’
_ _ 25 =
E T -
PRERS ¢
£ it E 2T
g Riv i W
16 # =i
- 15+
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4t il e )
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r T

Hinh 14. Tinh bén viing ciia hé théng SMGC ~ Hinh 15. D§ truot trung binh ciia hai hé thong
khi c6 sai s6 mé hinh. tich hop va doc lap khi sai so mé hinh 20%.
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6. Két luan
Bai bao di trinh bay va tong hop hé théng dan va diéu khién tich hop SMGC cho

thiét bi bay trén co so didu khién truot. Két qua cho thiy, khi so sanh véi ciu tric thong

thuong hai vong 1ap riéng biét giira vong diéu khién va khau dong hinh hoc, hé thdng tich
hop str dung diéu khién truot c6 chat lwong tét hon va c6 wu diém déng ké trong trudng
hop tiéu diét muc tiéu co tinh co dong cao, dam bao cho thoi gian tiép can muc tiéu cua

TBB khéng bj tré nhu hé thdng din va didu khién doc lap, do truot giam dang ké va goc

léch canh l4i it bi dao dong khi sir dung phwong phap SMC dé tong hop hé théng.
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RESEARCH ON SYNTHESIZING SLIDING MODE
CONTROLLER FOR AERIAL VEHICLE WITH INTEGRATED
GUIDANCE AND CONTROL SYSTEM

Abstract: Aerial vehicles with capability of attacking and destroying aerial targets are
being produced and utilized by many countries around the world. This article proposes a new
integrated guidance and control system for aerial vehicle based on Sliding Mode Guidance and
Control (SMGC) to enhance the quality of the control loop and to be applied to modern aerial
vehicle with high maneuverability. The article compares the SMGC system with the
conventional system that uses separated guidance and control loops (SMG-SMC), and evaluates
the advantages, disadvantages, quality, and accuracy of the newly synthesized integrated
system. The results of article indicate that the integrated system utilizing sliding control
demonstrates superior quality and significant advantages when approaching highly
maneuverable targets. It exhibits lower miss distance and less fluctuation in rudder angle
deviation compared to conventional guidance and control systems.

Keywords: Sliding mode control; integrated guidance and control; aerial vehicles;
guidance law; autopilot system; normal acceleration.
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