Ky thudt diéu khién & Dign tiv

BOQ PIEU KHIEN MO CHO
MAY BAY KHONG NGUOI LAI CO NHO

Lé Hung Phong”

Tém tit: Bai bdo trinh bay vé mé hinh todn hoc ciia UAV dang canh bang trong méi
triwong nhiéu loan. Matlab/Simulink dwoc sir dung dé mé phong hoat dong ciia UAV, cdc
ddc tinh thu dwgc sau khi mo phong dwoc s dung dé kiém tra, phan tich va so sanh hoat
déng ciia b diéu khién truyén thong PID. Tir két qua nghién ciru cho thdy, cd hai bg diéu
khién PID va diéu khién mo déu c6 thé thuc hién dwoc viéc diéu khién UAV, tuy nhién, bo
diéu khién mo thuc hién viéc diéu khién nhanh chong, chinh xdc va khang lai sy dnh
hieong ciia nhiéu d.

Tir khoa: May bay khong ngudi 1ai; Diéu khién logic mo; Diéu khién PID.
1. PAT VAN PE

Ngay nay, hé théng cac to hop thiét bi bay khong nguoi l4i, trong d6, d6i twong trung tim la
cac UAV dugc quan tdm, nghién ciru v6i nhiéu tmg dung manh mé va rong rai trong cong nghé
hang khong hién dai. Trong linh vuc quan sy, UAV hién nay dugc sir dung manh mé dé tac chién
hién dai, gop phan thay doi cuc dién, quy mé ciing nhu quan diém tiép can va xur 1y cac xung dot
quan sy & cac cap do khac nhau.

Péi véi cac loai UAV céanh bﬁng cd nho va nhe, viéc nghién cuu sy dnh hudng cua nhiéu loan
khi tugng ddi véi toan bd qua trinh bay dong vai tro quan trong va quyét dinh dén chét luong
diéu khién, kiém soat hanh trinh bay. Trong pham vi ctia bai bdo s& xiy dung mé hinh toan hoc
trang thai cia UAV va khdo sat anh hudng ctia mdi truong bén ngoai (cac tac dong cta gid vao
khung may bay véi dic tinh ngau nhién).

Chuyén dong ngiu nhién trong khong khi tao ra boi nhiéu loan khi quyén dong vai tro 16n
trong viéc tao ra lyc va md men phu tac dong 1én UAV, 1a nguyén nhan gian tiép khién thong tin,
hinh anh nhéan dugc tir thiét bi bay bi anh hudng, gy ra nhimng khé khin nhét dinh cho qua trinh
diéu khién twong tac véi UAV.

Hién nay di c6 nhidu giai phap dwoc dua ra cua nhiéu tac gia trong va ngoai nudce [3, 4]. Cac
huéng nghién ciru duoc uu tién tap trung vao hoan thién hé thong thong tin trén khoang, bao
gdm viéc tich hop, sir dung con quay hdi chuyén, sir dung nguyén 1y cuia cac bd loc t6i vu dbi véi
dac tinh khi dong lyc hoc ciing nhu xac dinh thong s6 khi dong luc hoc UAV. Xay dung cac
thuat toan diéu khién UAV nhu tong hop diéu khién thich nghi chu dong, sir dung tri tu¢ nhén
tao, mang no-ron, déy la nhiing phuong phap diéu khién dap mg nhimg tiéu chuén hoi tu va on
dinh cao, c6 ciu triic lai giira thudt toan diéu khién mo va diéu khién truyén thdng [2]. Ap dung
nguyén ly gi6i han cho phép db6i v6i cac dic tinh khi dong luc hoc UAV khi hoat dong trong dleu
kién thoi tiét xau cho phép tim kiém sy thoa hiép vé mirc do khong chinh xac cua bd théng s6
khi @ong luc hoc. Nguyén ly dua trén viéc xay dung cac bd diéu khién mo cho kénh thong tin do
cao, goc kren, nham doi phé véi tic dong ctia "nhidu du”.

2. MO HINH TOAN HQC MAY BAY KHONG NGUOI LAI
Phuong trinh vi phan chuyén dong cta thiét bi bay trong khi quyén dong, mo ta bang phuong
trinh sau [3]:
3
%x(t)=ZE(V,Q,§,XW,XW;t); @
i=1

Trong do:

Fi(V,Q;t) - Ham vecto luc va mé men quan tinh; F, (V,Q,&,x ;t) - Ham vecto luc va

nK > uo’
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md men khi dong lyc hoc; F, (&,t) - Ham vecto nhi€u dong méi trudng bén ngoai; X(t) - Vecto n
chi,éu trang thai d6i tugng bay;’xm((t) - Vecto toa do vi tri; X’uo(t) - Vecto trang thai cua cac co ciu
chap hénh; V(t) - Vecto van toc UAV; Q(t) - Vecto van toc goc quay cua hé toa do lién két so
v6i mat dat, gom cac goc 9(t), w(t) va »(t).

Nhiéu dong gi6 trong khi quyén dugc mo ta nhu sau [2]:

W(X) = Wo(X) + &(X) )

Trong d6: W(x) - Van tdc gi6 (m/s) tai diém toa do X = (X, Y, 2); Woe R® - Van tdc gio ban dau,
E(X) = (&1(x), &), &(2)) - Gid tri thay doi trang thai & moi truong bén ngoai.

Khi phan tich anh huéng chuyén dong cac khdi khong khi dén chuyén dong cua thiét bi bay
cho théy, co tac dong kép tir sy thay doi cta van tdc khéi khong khi so voi mat dat V(x, t) =
Vi(X, t) + W(X), cling nhu sy tac dong ciia goc trugt f = Sy, (Bo = 0) va goc tin a,, sinh ra do su
anh huong bai chuyén dong khdi khong khi, dan dén sy thay dbi gia tri cia goc tin Oy =040, .

Hé phuong trinh tong quat (1) mé ta chuyén dong UAV c& nhé trong mdi truong nhidu loan
khi dong, 1a mot hé phwong trinh vi phén béc cao phi tuyén phuc tap. Khi xem xét chuyén dong
nhiéu dong trong mot vung lan can nhd cia chuyén dong danh nghia c6 thé sir dung mo hinh
tuyén tinh hoa cho phép phan tach thanh cach chuyén dong doc va ngang, phuong trinh dugc mé
ta nhu sau [2]:

%Ax(t) =A)AX () +Bt)u(t) +F(t)w,(t) (3)

Trong do:

AX(t,) =AX, la gia tri cho trudc; AX(t) - Vecto d§ 1¢ch chuyén dong khi c6 nhidu dong so
v6i chuyén dong danh nghia; u(t) - Vecto diéu khién ba chiéu (luc ddy canh quat, d6 cao, goc
kren); we(t) — Vecto nhiéu dong; A(t), B(t), F(t) - Ma tran trang thai, diéu khién va nhicu.

Dé higu chinh vong diéu khién UAV khi bay trong diéu kién nhiéu dong khi tugng can co cac
thong tin chinh xac cta 11 thanh phan chuyén dong sau:

Xo(t) = [AV, A6, AL, Ah, Ap, Aw,, A9, AmZ, Am® ,AC,,,AC%]"

xa?

Trong d6: 6 - GOc nang quy dao; p - Trong lugng riéng khong khi; m®:,m¢ - Hg s6 dong luc

hoc (dao ham) cua hé s6 momen khi dong lyc hoc tuong ung; C,,,CJ, - H¢ s6 luc can va dao

ham hé sd luc nang theo goc tan .
3. BO PIEU KHIEN MO MAY BAY KHONG NGUOI LAI

Bai toan nang cao chét luong diéu khién bo qua sy hiéu chinh so bg sé& khién qua trinh xt ly
tang dang ké do tinh phtrc tap ctia hé thong ciing nhu nhirng kho khan phéat sinh trong qua trinh
van hanh hé thong.

Dé giai quyét dugc vin dé nay nhém tac gia s& s dung thém mot khai niém phu "nhidu du"
cho phép théa man cac diéu kién ctia ly thuyét diéu khién mo (thong qua bd di€u khién mo)
trong diéu kién bi gidi han thong tin dau vao. Co thé don gian héa mo hinh trang thai (3) va cac
phép do biéu dién duéi dang:

%x O =AC)x({)+B(:)a(t); z(t) = Hx(t), trong d6, X(to) = Xo;

H - Ma tran ¢b dinh;
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. : d
Mo hinh trang thai trén c6 thé dugc mo ta twong duong nhu sau: Ex(t) =A X () +Bo(t)+

o((+) ,1); z(t) = Hx(t); trong d6: @(t) = @((+),t) = (A () -Ax)X(t) + (B (+) - Bo)d(t) - Tin hiéu nhiéu
dau vao cua d6i twong diéu khién, Agva By — Gid tri danh nghia ctia ma tran, 8(t) - Tin hiéu dau
ra cta bo diéu khién md (ngugc voi u(t)); Ky higu (-) bao gdm tic dong bén ngoai va bén trong
ctia ddi tuong diéu khién. Céc tic dong nay co thé 1a nhiing tac dong khong duogc xac dinh trude
(khong 1o rang) nhu nhicu dong khi tuong tir méi truong bén ngoai.

Trong hé thdng diéu khién nay, ham S(C, C;, ®) c6 cau tric chira 2 bo diu khién: bo diéu
khién C (+) véi dau ra u(t) va bo didu khién mo C;(+) véi ddu ra tin hiéu 8(t). Trong trudng hop
nay, @ la dbi tugng phi tuyén tinh va khong chi dong.

S6 tin hiéu dau vao cia bd diéu khién mo gidi han boi 2 sai s I(t) va dao ham I(t) véi tin
hiéu dAu ra 8(t), nghia 13, C;() = C(1, 1) = &(t).

Néu khong tinh dén anh huéng ciia nhidu dong bén ngoai, theo phuwong phap Letov-Kalman,
ludt diéu khién duoc tim theo thuat toan LQR c6 dang u(t) = -R*BTPx(t), trong d6, P(t) - Ma trin
duong, thu duge khi giai bai toan diéu khién Riccati, R(t) - Ma tran diéu khién theo tiéu chi binh
phuong, B(t) - Ma tran di¢u khién trong phuong trinh trang thai.

Khi xem xét b diéu khién mo, ta c6 d(t) = C(I), I(t) = -z(t), tong hop diéu khién hdn hop gdbm
b di€u khién toi wu va b dieu khién mo cho ta tin hiéu dugc mo ta nhu sau: G =u + d.

Bo diéu khién mo Cy(z) dam béao thuc hién ham xép xi va bu trir nhiéu o(x,3;t)khi duy tri
tinh t&i wu ctia hé thong didu khién md véi bo didu khién tin hiéu ngugc theo trang thai: u(t) =
G(b)x(t), ¢ day, G(t) = -R'B'P(1).

Str dung bo diéu khién mo Takagi-Sugeno c6 phuong trinh trang  thai:

%X (t) =(A,+AA,)X(t) +(B,+AB,)C,, duy trinh tinh 6n dinh tiém can, dam bao ham bu trir

Ci ctia by diéu khién tuyén tinh va mirc do chénh léch khi thuc hién bat ding thic Cyp >
B: (AAX(t)+ AB(C,, +C,,))vé6i didu kien AB<(B;)™, trong d6, ddu "+" trong ma tran thé
hién dao nguoc gia, bao dam ham xip xi Cp, nhan dugc ¢ dau vao dbi tuong didu khién gidi
han nhiéu.

Gia sir nhiéu dong co gidi han tac dong 1én ddi tugng bay @o:(1), khi do, phuong trinh trang
thai s€ c6 dang:

%x(t)=A<t)x(t)+B(t)u(t)+B¢ g, ® 4

Tinh 6n dinh va t6i wu cia hé kin (4) duoc bao dam boi bd diéu khién téi wu, con bd diéu
khién mo §(t) = Cy(z) ngdn nhiéu tai dau vao.
Trong d6: A* = A+BG = Aj+AA;A; =A,+B,G,AA, =AA +ABG

Khi d9, ta nhan duogc:

%x(t):A;x(t)Jr By | B (B0, (1)) + AAX(1)+AB3(t)+3(t) |= Agx(t)+Byu'(t)e (5)
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Trong d6: u™(t)=38(t)+B;(B,e,,,(t)+AA+AB(t))
Ap dung phuong phap ham Lyapunov dwa dén phuong trinh sau:

V(x)zlePx,\'/(x)=1xT(PA’;+(A’; )" P)x+X"PB,u"
2 2 (6)
V(x)>0,x(t)=0
Trong d6: P - Ma tran duong d6i xing théa man bat dang thirc (PA;+(A; )" P)<0, bao diam
tiém can on dinh.
Dé dap tmg duogc didu kién nay khi c6 yéu t tac dong ngoai du bao, can bd sung thém:
X"PByu" = X"PBy3+x" PB, | By (B,p,, + AA/x+AB3) |<0 @)
Str dung thudc tinh gan dung cta bd didu khién mo dé mo ta:

X"PByu” = X"PBy3+ X' PBy | B; (B, + AA/x+AB?) |=AS" (8)

Trong d6, A8" - Muc do khong chinh x4c khi 1am xép xi.
Nhu d3 biét = Ci(I) = -C(z), ¢6 thé nhan duoc:

. . A&
[B; (B¢(p02p+AA,X+ABt6)—Cf(I)}SSup{B(T)PX} 9)

Tong hop cac bo diéu khién tuyén tinh véi kha nang chdng nhiéu trén co so H,, — din dén
thuat toan cua bo diéu khién vai tinh 6n dinh doc 1ap, chdng nhiéu.
[B;(B,9,,+AAX+ABJ)| <& (10)
Trong d6, ¢ = hang s6 — mtrc d6 khong chic chén.

Téc gia da str dung cong cu phian mém Matlab (Toolboxes Fussy, Simulink). So db chiic ning
tong hop bo diéu khién mo duge mo ta trong hinh 1.

Vyo AVy
23 B9 diéu o Truyén dong Thiétbi bay
khién mo >
Yo Ay
=y ) . L ok . 37
Bifads [ THSELAS
do cao
Xy Bién tan T}l 1et;b1 19 vy
< van toc doc |€

Hinh 1. So' d6 chite ndng tong hop bg diéu khién mo.
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Hinh 2. Bé quy tdc diéu khién mo.

File Edit View
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Hinh 3. Cdu tric bg diéu khién mo.
4.MO PHONG VA DANH GIA
Pé tién hanh kiém nghiém va danh gia bo diéu khién mo tac gia dé xuat mé phong hoat dong
bam quy dao dat trude s dung phan mém Matlab/Simulink v6i mdt chung loai UAV kiéu UAV-
70V véi cac thong s6 nhu sau:
- Chiéu dai: 2707 mm:;
- Khéi luong: 56.5 Kg;
- Dién tich canh: 1.05 m2;
- Sai canh: 3000 mm;
- D&y cung khi dong trung binh: 350 mm.

Luat diéu khién mo theo kénh do cao bay sé& c6 dang:
8, =fuzzyl( Ay,AV, )+, (t)+ szp(y)Z 80 1< 8,an (11)

BCII
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Trong d6: fuzzyl - Ham phi tuyén cua sai s6 "du" theo do cao va thanh phan vecto van tdc
khong khi, nhén duoc khi st dung logic mo va dugc mo ta theo ngdn ngit twong tac da dugc thiét
lap; K; = f (AR, A AC“ ‘) - Hé s6 tat dan cua kénh doc.

np

Luat diéu khién mo theo kénh goc kren bay s& c6 dang:
3, =fuzzy2(Ay, A, ) + K’;npmx, AT . (12)

Trong do: Ay - Sai s6 "du" theo goc kren, wy - Van tde goc kren, d,- GOc 1éch cua canh phu.

) Két qua md phong trén phan mén} may tinh Matlab, hinh 4 va 5 minh hoa sy thay d6i thong
s0 quy dao khi ha do cao tir 450m xuéng 240m, toc do bay hanh trinh 40 m/s.

Tir cac két qua thu duoc thay rang, d6 cao H va van tc Vy(t) co thé dao dong trong qua trinh
diéu khlen nhanh chéng dugc ddp tit va hét rung lic, gia tri mo phong cua cac tham so trong
thuc té (gia tri danh nghia) khong khac nhiéu so v6i gia tri mong muon, diéu nay cho thiy kha
nang dat duoc muc tidu kiém soat qua trinh diéu khién nhu dau bai da dua ra.

¥y, mle

wer Gid tri mong muon M
i : : "\ : : Gid trj danh nghia

- Gid trf mong mucn

o i i ] : : Gid irj danh nghia

Hinh 4. Thay déi dé cao chuyén dong bay ciia  Hinh 5. Thay déi véin téc Vy(t) khi giam dé cao

UAYV theo lich trinh. ter 450m xuong 240m.
E3 2%
20 — 20+ -\.—I -
i
. | | ol . |
E 10| E "0 L] :
£ > ! 5
. . ! i
| ‘
.................... ﬂ | /
3 ; 5 6 0 ® = 5 0 i o W £ F]
Ximi Xm

Hinh 6. M6 phong quy dao dat trucce cua UAV  Hinh 7. M6 phong quy dao dat truce cia UAV
véi b diéu khién mo. véi b dieu khién PID.

Két qua mo phong hoat déng cua UAV thuc hién bam quy dao dit trude v6i bo diéu mo va
bo dicu khién PID truyén thong duoc mo ta trén hinh 6, 7. Chung ta nhan thiy rang, UAV voi
bd didu khién mo thuc hién bam quy dao voi do chinh xac cao hon so v6i bo didu khién PID
truyén thong.
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5. KET LUAN

Bai béo da trinh bay dugec mé hinh toan hoc cia UAV dang canh bang trong méi truong
nhidu loan, dong thoi xay dung thanh cong bo diéu khién mo ap dung cho UAV trong ché d6 bay
theo quy dao dat trude. Viéc ap dung bo diéu khién mo cho phép UAV hoat dong mét cach rat
linh hoat va hiéu qua v&i do chinh xac twong ddi cao. Két qua mo phong hoat dong cuia UAV
thuc hién bam quy dao dit trudc voi bo diéu khién PID va bo diéu khién m¢& duge tién hanh trén
Matlab/Simulink. Tt két qua ctia phan mo phong ta thiy rang, UAV véi bd diéu khién mo hoat
dong voi do chinh xac cao hon so voi bo diéu khién PID truyén théng. Uu diém 16n nhét cta bd
diéu khién m& d6 1a gitip cho UAV thuc hién bam chinh xac qui dao da duoc dit trude, thoi gian
diéu chinh trong qua trinh thyc hién bam quy dao nhé hon nhiéu so véi bd didu khién PID truyén
thong. Dé nghién ctru tiép theo, nhom tac gia s& nghién ctru ap dung thuét toan dé& xuat véi cac
chung loai may bay canh bang khac dé minh chimg thém tinh ding dén cia thuat toan.
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ABSTRACT
FUZZY CONTROL FOR SMALL SIZE UNMANNED AERIAL VEHICLES

This paper presents a mathematical model of small size unmanned aerial vehicles
(UAV) in a turbulent environment and application of fuzzy control for a specific sample
model. Matlab/Simulink is used to simulate the operation of the UAV, the characteristics
obtained after simulation are used to test, analyze and compare the operation of the
traditional PID controller. From the research results, it is shown that both PID controller
and fuzzy controller can perform UAV control, but fuzzy controller performs fast, accurate
control and is resistant to influence of residual noise.

Keywords: Unmanned aerial vehicle; Fuzzy control; PID control.
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