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TOM TAT

Thiét bi bay ti dong trong Hai qudn la logi thiét bi bay hién dai dwoc sir dung kha phé bién
trong linh viuc qudn su. Cac ky thudt hi¢n nay chi yéu duwoc nghién ciru dya trén ly thuyét diéu
khlen tuyen tinh, do vdy, cdc phan tir phi tuyén trong mé hinh ciia doi twong cé thé bi bo qua hodc
yéu té nhiéu ngodi trong moi truong hoat dong. Vi vdy, bai bdo trinh bay phiwong phap tong hop
thudt todn diéu khién no ron- mo thich nghi cho mgt lop thiét bi bay tw dong trong Hai qudn dé on
dinh cac géc dac trung mong muon. Thuc hién khdo sdt trong méi triueong Matlab/Simulink véi cdc
tham sé gia dinh, dong thoi so sanh véi b diéu khién PID d@é chirng minh cho wu diém ciia thudt
todn dé xudt.

Tir khéa: Thiét bi bay tu dong; Tén ltra; UAV; Mang no ron nhan tao.
1. GIOI THIEU

Thiét bi bay tu dong (TBB) nhu tén lira, UAVs,... dd va dang duogc sir dung phd bién trong
quan doi noi chung va Hai quin néi riéng. Vi cac thé hé tén Iira cii, do su han ché vé cong nghé
nén gip nhidu khé khan trong trién khai cac thuat toan diéu khién phuc tap. Cac hé thong diéu
khién tén ltra cii chu yéu duoc xay dung dua trén 1y thuyét didu khién tuyén tinh dimg véi cac b
diéu khién kinh dién (PID). Cong trinh [3] trén co so tng dung diéu khién mé hinh dy bao dé
nghién ciru thiét ké hé thong didu khién tén ltra. Tac gia cua [3] ciing da st dung mo hinh TBB
dang tuyén tinh dimg dé x4y dung thuit toan diéu khién. Cong trinh [11] d nghién ctru tong hop
hé thdng diéu khién thich nghi cho mot 16p di tuong ¢ tham s bién ddi 1a khdi lugng TBB. Tuy
nhién, mé hinh dong hoc TBB trong [11] déu duoc tuyén tinh hoa dudi dang ham truyén. Ngay
nay, voi su phat trién ngay cang manh mé ctia khoa hoc may tinh, trén cac tén lira hién dai da dugc
lap cac may tinh chuyén dung (may tinh trén khoang) cho phép thuc hién cac bai toan diéu khién
phirc tap, tdc d6 xir Iy nhanh. Bén canh d0, su phat trién cta Iy thuyét diéu khién thong minh c6
thé g dung dé tdng hop hé thong diéu khién tén ltra v6i cac tham sb cia md hinh bat dinh. Gan
day, nhiéu két qua nghién ctru da thyc hién thanh cong bang ap 'dung mang no ron —-mo vao hé
thong diéu khién, mang no ron (c6 kha nang hoc va t01 uu hoa) két hop véi kha nang suy luan mo
vao viée xtr Iy thong tin khong chic chin s& giai quyét tot cac hé thong phi tuyén va mé hinh dong
luc hoc khong chic chin.

Muc tiu bai bao 1a xay dung luét diéu khién no ron- mo thich nghi tuong ing cho mét 16p thiét
bi bay trong Hai quan dé én dinh trang thai goc dic trung mong muon. Phan 1 trinh bay mé hinh
toan ctia thiét bi bay, phan 2 trinh bay phwong phap tong hop lugt diéu khién no ron —mo thich
nghi. Phan 3 bai bao trinh bay két qua mé phong véi cac thong sb gia dinh [1] ddng thoi so sanh

véi luét diéu khién PID.

2. MO HINH POI TUQNG
Xem mot md hinh thiét bi bay trong khéng gian c6 dang nhu hinh 1 [1].
Trong do: OX,,0Y,,0Z, tuong ung la cac truc cua hé toa do g.'?'ln lién vat thé (hé toa do lién
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két); OX,Y,Z, hé toa do toc dd; OX Y,Z  hé toa do chun (hé toa do mat dat di dong); cac goc
a, B, 7, v tuong tmg 1 goc tan, goc trugt canh, goc liéng va goc huéng TBB.

Ayg

Hinh 1. M6 ta chuyén dong quay ciia TBB.

Hé phuong trinh vi phan mé ta chuyén dong quay chuyén dong quay quanh truc OZ (kénh cao)
[1, 2]:

. VS g
=—(Cy. +CH) P> ot o, + 3 cos(9— 1
@=~(Cxy +CY)y at ozt c08(9-a) @
2 V'S L2 v2s L
. _oa PVSe oz PV ¢l o Y el cl
=My, MM g, 0Ty, % @

Trong dé: d¢ 1a goc quay cua canh 14i kénh cao, V 13 téc d6 bay; C, lahé s6 luc can khi cac goc
tan, goc trugt, goc canh lai béng 0; Czﬂ , C; 1a dao ham cua cac h¢ s6 luc khi dong; p la khéi lugng
riéng ctia khong khi; S 1a dién tich dic trung ca thiét bi bay; m la khéi lugng thiét bi bay; m% , m%
, m’% 1 cac h¢ s md men; L, L, L la chiéu dai dic trung cua thiét bi bay, canh va canh li.

bat:
ay PVS
klz(CXO+CV)/;m . 1 A/2Q| - 1o, 2. 16 32

’k2 :2‘]1 mszv SLC’ k3 :2‘]2 mzb pVScIL ’ k4 22‘]2 mzlgpv ScI Lcl '
Phuong trinh (1), (2) duoc viét lai:

a=wz—k1a+\%cos(,9—a) @3)

Vi phan 2 vé phuong trinh (3) ta co:

i =Ky + kg +k gty )~ ki —gsin G[kla —30059} (5)
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Trong diéu kién goc liéng (Cren) duoc 6n dinh xung quanh gia tri ¥ =0, thi tbc d6 goc chiic
goc dugc xac dinh [1, 2]:

dg
= —= 6
e (6)
Thay gzwz va 6 =9-«a vao (5) ta dugc:
(k2a+k 3+k ) kla— sme[kla cose} @)

2
G =kya —\%klasin(g—a)— ki + k39+(3j sin(9-a)cos(9-a)+ky5c  (8)

Két hop (8) va (4) ta c6 hé phuong trinh:

2
dzkza—\?klasin(g—a)—k1d+k3.9'+(3) sin($-a)cos(9—a)-k,5¢ ©)
9= Ky +Kg9+K,0¢

=a, X =X :d
Dit bién trang thai {Xl 2 )fl_.
x3=3, x4=x3—.9
1000
Ta thay, u =5, 1a dau vao diéu khién; daurala y= CTX cl = {0 0 1 O}
Hé phuong trinh (9) duoc viét lai dudi dang:
X=AX+B|F(x)+G(x)u+d
el ) .
y=C" X
Trong do:
0100 [0 0
A_|0 00 o;le o;CT{l 00 OJ;
0 001 00 0010
0000 01
o
F(0)=[ (0. f2 ()] 1 6(9=[g (.9 ]

f (%) =kyat —\%klasin(g—a) kyéi +k 9+(\%)25in(9—a)cos(9—a);
f (X) =Ky +Ka9;
91(X) = gz(x)= Ky
d 1a nhiéu ngoai tac dong vao hé thong.
3. TONG HQP THUAT TOAN NO RON — MO THiCH NGHI
Xét phuong trinh trang thai cé dang [4, 6]:

52 T.T.Dén, ..., P. Q. Hiéu, “Téng hop thuit todn diéu khién ... cho mgt I6p thiét bi bay.”



Nghién ciru khoa hoc cong nghé

X =Ax+B[f(x)+g(x)u+d]
T 11
y=C X
Trong truong hop khong ¢ nhiéu ngoai d, phuong trinh (11) ¢6 luat diéu khién [4]:
*__1 (M, kT J
Uu =——-F(x)+ +Kce 12
TOIRAAR R 12)

Trong do, yim) 1a tin hiéu dat va e 1a sai 1éch.

Trong thuc t&, cac mo hinh toan cua dbi twong diéu khién khong thé chinh xac, do do, khéng
thé thuc hién theo luat di€u khién Iy tudng (12).
Mit khac, TBB chi do duoc ngd ra y. Nén phai xay dung bd quan sat trang thai dé udc luong
trang thai ctia h¢ [4].
A_ A T A -
é=A6-BK¢ é+Ky(E - )
. (13)
E, = c'é
Tir d6, gidi bai toan bang cach nhan dang tryc tiép luat diéu khién 1y tuéng u”(t) bang hé no
ron-mo véi cac thong sb ngd vao 1a sai sb ude luong 6 . B didu khién nay s dung mang no ron-
mo dé xap xi ludt diéu khién voi ngd vao ciia mang la vec to sai s6 udc lugng.
Thuec hién luat diéu khién:

u=u; +U, (14)
T
} eRP

Ug =[u1,u2,...,upf eRP

u =|:U ,u vy U
Trong do: f iz fp

U, 1a thanh phan khir nhiéu va bu sai s6 ctia mo hinh di tugng.

Trong phan xdy dung bo diéu khién cho dbi twong, tic gia stir dung hé no ron-md ¢ cu tric
mang nhu hinh 2.

Hinh 2. Cau triic bé xap xi mo-no ron.
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Cau hinh co ban ctia b xap xi no ron-mo gom c6 mot s6 luat Neu-Thi va co che suy ludn mo.
Luat Néu-Thi thar i (voi i =1+h) dugc viét:

R:Néué, la A vaé,la A, thiu, l1a B; trongdo: A, A,, Bl lacic tap mo.
B xap xi ham no ron-md c6 bon 16p:
7 A , ~ \ c 1A 7 A ~ \ A A A T 7 A1L:A .7 - \
Lép 1 gom cac ngd vao, dai dién véc to ngoén ngilr vao § = [ekl, ekz] ; 16p 2 thé hién gia tri ham
thanh vién cua tong s cac bién ngdn ngir, mdi nut cta 16p 2 thuc hién gia tri ham thanh vién

2
#&ZH”A; (€;); lop 3 1a cac nit cua véc to co s6 mo , véc tO €O s¢ mo
- - g

gpk(_ék)z[(pkl,gokz, 2@q] €R", trong 46, ¢,la gid trj cia ngd ra mdi nit cha 16p 3

H ’uAk (ekj

(&)= h— (v61 i=1+h); 16p 4 ngod ra dai dién gia tri ngd ra clia mang U, , trong

DAL T a1 (6]

i=l j=1
56 két ndi 16p 3 va 16p 4 W, =W, W,,,...W,,]" €R", céc thong s6 nay c6 thé diéu chinh thich
nghi. Str dung luat suy dién max-prod, mo hoa va giai mo theo trung binh trong tdm, ngd ra cta
bd xap xi mo-no ron cé thé bi€u dién nhu sau [4]:

“Suline)

Uy =— :WkT 2 (ék ) (15)
Z[H uL,- (ékj )}
i1 L=t
Trong s6 cla mang W, duoc cép nhat theo luat cap nhat thich nghi [4, 6]:

Vi/k _ Y Ek1¢k (flk) if "VMK ||< m’i/k or ( ”Vyk ”: mﬂk and ElekT@ (Q)ZO) )

Pr(nEaf (&) if W|=m, and EW'4 (&)<0
Véi 7, >0 la théng s6 thich nghi thiét ké.

Khi W, [|<m,, va [W,] <2m, thitacé:

. X E.W 4 (&
Pr(yk =) (gk ))_7k Lﬁkz(g()vyk 17
[ |
Trong do: ¢, (& [(pk ):l véi L (s) duge chon sao cho L' (s) 1a ham truyén chéc

chén 6n dinh.
Dé khir hién tuong chattering trong hé théng, thanh phan diéu khién v, dugc cho boi [4, 10]:

Py if By 20 and‘Ek1‘>ak
Ug ={-py if E 4 <0 and‘Ek1‘>ak (18)
PE/ o 1 [l <

& day, a, 1a hang s6 duong.
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o7 [ é=Ae-BKIE+K,(E -E,)

é
Y .

Mang No ron -Mo
Xap xi:
T
Uy =W, o, (&, U,
Y = Ax+B[f(x)+ d y
. u g(x)u+d]
: — ot T -
y - Udrc luwgng online W, A y=C'x

~ uS
El

B Tinh u,

Hinh 3. Gidi thudt diéu khién mo-no ron thich nghi.
4. KET QUA MO PHONG

Mot 16p thiét bi bay duge dé cap trong hinh 1 dugc sir dung dé kiém ching hiéu qua cia thuat
toan dicu khién dé xuat. Cac tham so dugc chi ra trong bang [1]:
Bing 1. BJ tham s6 thiét bi bay gia dinh.

TT Tén, ky hi¢u tham sb Gia tri Pon vi Ghi chu
1 | Khéi lugng TBB, m 520 Kg
2 | Téc do bay 6n dinh, Vo 280 m/s
3 | B cao bay theo chuong trinh, H 10 m
4 | Luc déyvd(f)ng co hanh trinh twong trng van 5600 N
toc bay on dinh, P
5 | Dién tich dic trung, S 0.65 m?
6 | Chiéu dai dic trung, L 3.85 m
7 | M0 men quén tinh, j; 380 Kg.m?
8 | Puong kinh than TBB, D 0.42 m
9 | Cung khi dong hoc trung binh canh néng, L. 0.42 m
10 | Khoang cach tir trong tim TBB dén tim ap 1.02 m
canh lai, Lq

Tir hinh 3 va cac tham s gia dinh x4y dung so d6 Simulink md hinh chuyén dong quay cua
TBB ¢6 toc d¢ thay doi theo truc OZp cuia HTD lién két dugc thé hién trén hinh 4.
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. 'Y
bl
o ht et Goe tin Sai s0
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Géc tan yéu cau d E1 nga E1 nga Goc chic goc l:l
V2 .
Bé quan sat B diéu khién Mé hinh TBB Géc ta
oc tan

Géc chic géc

Hinh 4. So do Simulink mé phong gidi thudt diéu khién.

S Thaigian (s)
dm 1
Q
g \ / \ / \ \ / \ / \
0
e
8 \ / \/ \ \ / \/ \
0}
0 5 10 15 20 25 0 35 40 45 50
Theigian (s)
1
C
@
g 0
e
0}
-1
0 5 10 15 20 25 0 35 40 45 50
Thaigian (s)
0.05
B0
g -0.05
0 .04
-0.15
0 5 10 15 20 25 0 35 40 45 50
Hinh 5. Tin hiéu dat Géc tan dang hinh sin.
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-im
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5 2
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Hinh 6. Tin hiéu dat Géc tan 5 dé.
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Gée thn Thiét bi bay
o T T T T T T T T

Goc tin (46)

1 |

= (i6c tan yéu cau

——Gobe tan - NN-Fuzzy
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Thaoi gian (s)

Hinh 7. Pdp itng hé thong so sanh véi bg diéu khién PID va ddp iimg diéu khién.

Tir két qua md phong cho thiy ring, dic tinh bam budi chinh xéac cao theo goc tin ctia TBB c6
thé dat dugc béng cach str dung thuat toan diéu khién no ron—-mo thich nghi, trong d6, mang no
ron-mo st dung dé wéc lwong bo didu khién 1y tuong thong qua kha ning hoc online. Tai hinh 7
ta thy, trong qué trinh qua d thi dap ung dau ra cua hé thong véi bd diéu khién no ron—-me thich
nghi c6 do vot 16 (3%) nhé hon b diéu khién PID (12%) va thdi gian xéc 1ap nhé hon bo diéu
khién PID.

5. KET LUAN

Bai b4o nay di ing dung thanh cong thuit toan diéu khién no ron-m¢ thich nghi dé diéu khién
chinh xac goc tin ctia TBB, bam dudi theo goc tan yéu cau. Két qua khao sat trén moi truong
Matlab/Simulink v61 bo diéu khién dé Xuat cho thay tinh hop 1y khi ap dung bd diéu khién dé bam
dudi goc tin yéu cau v6i md hinh phi tuyén. Két qua nay cung ¢6 thé duge mé rong cho cac 16p
dic trung c6 tham s thay doi theo thoi gian va khi o nhidu ngoai tic dong vao hé thong.
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ABSTRACT
Synthesis of Intelligent Control Algorithms for a Class of Naval Aerial Vehicles

Autonomous aerial vehicles in the Navy are modern aircraft widely used in military
applications. Current techniques are primarily based on linear control theory, which may
overlook nonlinear elements in the model or external disturbances in the operational
environment. Therefore, this paper presents a method for synthesizing adaptive fuzzy neural
network control algorithms for a class of autonomous aerial vehicles in the Navy to stabilize
desired characteristic angles. The study is conducted in a Matlab/Simulink environment
with assumed parameters, and comparisons are made with a PID controller to demonstrate
the advantages of the proposed algorithm.

Keywords: Autonomous Aerial Vehicles; Missile; UAV; Neural network.
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