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TOM TAT

Bai bdo trinh bay phwong phdp thiét ké b diéu khién phi tuyén cho mdy bay khéng nguoi ldi.
Phirong phdp nay sir dung mé hinh phi tuyén ciia UAV quadrotor va cau triic diéu khién hai vong
xép tang. Vong diéu khién toc dp dwoc siv dung dé diéu chinh toc do cia cdc déng co, vong diéu
khién géc dwoc sir dung dé diéu chinh géc quay ciia UAV. Bang cdch sir dung Iy thuyét vé hé thong
diéu khién theo tang chimg minh tinh én dinh cia hé thong, sir dung méi truong matlab simulink
mé phong quy dao bay cho UAV. Céc két qua cho thay, hé thong diéu khién cé thé diéu khién UAV
tir khi cdt canh, bay voi cac quy dao khac nhau dén khi ha canh mét cach én dinh.

Tir khéa: UAV; Quadrotor; PID; M6 hinh hoa.
1. MO PAU

May bay khong ngudi 1ai (UAV) da tré thanh mot phan khong thé thiéu trong nhiéu linh vuc,
bao gom ca quan sy va dan sy. Nhitng uu diém chinh bao gdm chi phi thap, kich thudc nho, kha
nang cét ha canh thing dung va kha nang bay thap hoic lo ling. Viéc thiét ké ché do l1ai tu dong
cho UAV dbi mit vé6i nhiéu thach thirc tir 1y thuyet dén k¥ thuat. Didu nay do tinh phtc tap cua
mo hinh dong hoc véi tinh phi tuyén cao, su két ndi gitra cac dau vao diéu khién va cac trang thai
ngd ra ¢ dang phuong trinh vi phan béc cao. Cac nghién clru vé UAV thuong tap trung vao viéc
xdy dung cac mo hinh toan hoc va diéu khién dé dat dugc do 6n dinh co ban [1] Cac phuong phap
thong thuong dé didu khién chuyén bay tu dong thuong dwa trén viéce thiét ké cac bo didu khién
tuyén tinh. Cac phuong phép nay bao gom bo diéu khién Pao ham tich phan theo ty 1& (PID) don
ddu vao (SISO) [2], bd diéu khién bac hai tuyén tinh (LQR) dau vao nhiéu dau ra (MIMO) [3] va
cac bo diéu khién thong minh [4]. Dé khic phyuc mot s6 han ché cua cac phuong phap tiép can
tuyen tlnh trude ddy, nhidu bo diéu khién phi tuyén da duoc phat trién. Trong sb nay ¢6 bo diéu
khién tuyén tinh hoa phan hdi [5]. Nhiéu nha nghién ciru ciing di phat trién cac hé thong diéu khién
phi tuyén cho cac phuong tién quadrotor mini. Mot hé théng nhu vay dua trén khung may bay bén
canh d thé hién kha ning bay lo limg thanh cong bang cach sir dung céc b didu khién phi tuyén
dua trén d6 bdo hoa léng nhau [6]. Cho dén hién tai xu hudng cai tién cac hé théng st dung PID
van lién tuc phat trién [7].

Muc ti€u trong nghién curu la thiét ké mot bo diéu khién phi tuyén 6 cac dic diém sau: Dyua
trén mo hinh toan hoc ciia UAV va xét dén tinh phi tuyén cta hé thong trong su lién két gitra cac
bién didu khién va trang thai. Thiét ké bo dicu khién c6 thé xir 1y cac ché do bay khac nhau nhu lo
ling, bay vé phia trudce, bay ngang, bam quy dao, cAt va ha canh. Pam bao su dn dinh cua toan bd
hé thong vong kin.

2. NOI DUNG CAN GIAI QUYET
2.1. M6 hinh dong hoc
M6 hinh [8] duoc sir dung trong thiét ké didu khién UAV bao gdm cac phuong trinh sau:
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Trong d6, m 1a khéi lugng UAV (kg), g 1a gia tc trong truong (m/s?) , U; 1a tong luc ciia cac
motor (N), Uz, Us, Us la moment goc Roll (¢) , Pitch (8), Yaw (). I, Iy, I; (kg/m?) la moment
quan tinh theo tryc x, y, z. q, p, r (rad/s) 1 van tdc goc theo truc x, y, z. Q (rad/s) 14 tong van toc
gbc cua roto. jip ("MS?) 1a moment quén tinh truc z clia roto.

2.2. Thiét ké bd diéu khién

Muyc tiéu 1a thiét ké bo diéu khién on dinh. D¢ dat duoc myc tiéu nay ching toi da tich m hinh
may bay thanh hai h¢ con duoc két n6i bang cach xay dung hai vong di€u khién UAV. Vong lap
bén trong thuc hién theo doi tu ‘ghé yé tao ra géc luc xoan can thiét. Vong ngoai dugc st dung dé
tao luc day va cac goc tham chiéu can thiét dé bam theo quy dao dugc chi dinh.

Dé bién doi hé théng (1) thanh hé thong hai ting. Pau tién x4c dinh mot véc to didu khién
1 € Renhu sau:

/Ll:f(u7¢d’9d!l//d):%(¢d’9d’l//d)e;_geis (2

Trong d6, f(.): % — R°1a mot ham kha nghich lién tuc. p1a véc to diéu khién tuong tmg véi
véc to luc mong mudn. u 13 téng luc ddy do 4 canh quat tao ra, huéng cua nd duge xac dinh boi tu
thé UAV va duge ky hidu bdi(¢,0,y). ¢,.6,,w,trong (2) 1a goc roll, pitch va géc yaw mong
mudn. 7 1a véc to moment xoan mai. Cac thanh phan luc theo (2) duoc viét lai:

Ly =£(cos¢d sing, cosy, +sing, siny, )
m
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u, :%(cos¢d sing, siny, —sing, cosy, )

M, =£cosed cos¢g, — ¢
m

Trong d6, (s, 4,,4,)1a cac thanh phan véc to luc doc theo truc x, y, z can thiét dé theo quy

dao tham chiéu. Cac dau vao diéu khién mong muén dwoc tinh toan boi bo diéu khién vong ngoal
Sau d6 dwoc st dung dé tinh d6 16n véc to lyc mong mudn va tr thé mong mudn
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Vi cac goc mong mu(°:)n(¢d 0wy ) 1a dau ra dinh huéng cia hé thong bén ngoai, cac goc nay
khong duoc diéu khién hodc cung cip 1énh diéu khién ngay. Chiing dugc coi 1 quy dao tham chiéu
cho bo diéu khién bén trong. Do d6, sai s6 dugc xac dinh nhur sau e = (e,i —-€, )T e R véi e, =1—1,
vae, =1 -1;.

Thay thé(¢,0,y ) trong (1) boi (¢d +€,,0, +€,,1/, +6, ) va trién khai cic ham luong giac:
sin(a+b)=sin(a)+sin(b/2)cos(a+b/2)
cos(a+hb)=cos(a)—sin(b/2)sin(a+b/2) ®)

Pong lyc hoc tinh tién cia UAV (1) két hop (5) c6 thé duoc viét dudi dang sau:

X = [hX (85,05.174.€,.€,.8, ) +(sin g, siny, +cos g, sin 6, cosy )}i _— ()+ £,
m m

o : : : u u
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7=—g J{hz (45,0, .8,.8, ) +C0S4, cosed]%=%hz(-)+ﬂz

Céc thanh phan cua véc to h(¢d 104,04,y eg,ew) € R bao gdm phép nhan va tong cua cac ham
sin(.) va cos(.). Tir phuong trinh (1) va (6) c6 thé viét lai.

X = AX +B(,u—'g'd)+%uH(77d,en)

é=Ae+B(7-7j,) (7)
Vata dat
f(X!/u!é:d):Ax +B(#_é:d)

1
A(U,Ud,en)=EUH(77d,en)

X = f(X,y,éd)+A(u,77d,en)

Nén (7) ¢6 thé viét lai § Y (8)
é=Ae+B(7—7j,)

Trong do, X = (4’ -4,V —=Yy )T e R®sai s6 vi tri va van tdc, ¢ lavéc to vi tri, v 1a véc to van

tdc, 713 véc to moment xodn, 7 14 véc to chi hudng, cac ma tran A € R®®, B ¢ R®*® duge xac dinh

duéi day:
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B0 diéu khién UAV duoc xay dung mdi dudi dang diéu khién hai hé théng con tuyén tinh duoc
ghép nbi boi mot sb hang phi tuyén A(u,nd ,en) [9]. Trong thiét ké phan hdi trang thai mé hinh
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dugc sir dung ¢ ddy duogc diéu khién doc lap (,u =a(X,&y).7 = B(e i, )) . Trong trudng hop nay
s6 hang phi tuyén A(u,ryd '€, ) hoat dong nhu mot nhiéu trén hé con “X” ma hé thong nay phai
duogc hudng vé 0. Trong truong hop nay véc to sai s0 “e” trong hé phuong trinh (8) dugc coi la
dau vao bo sung cho hé con “X”. Cac luat diéu khién u(X, &, ), #(e,7j, )duge tong hop sao cho cac
sai s6 theo ddi “X” va “e” s& hoi tu tiém can vé 0. Dé téng hop cac lut didu khién u = a(X,éy),
7 = B(e,7j, ) ta s& st dung theo [10].

Céc dau vao diéu khién (u, T4 Ty TW) duoc tinh toan bang cach sir dung (4) 1a phi tuyén va xem
xét tinh phi tuy€n cta hé thong khi lién két giita cac bién trang thai.
{u =mi u(X.G )+ e = mI K X+, + e |
v=dy(n)7+y'C(n.7)n=Jy(n)(-K.e+7j,)+w 'C(n,1)7n
Bo diéu khién tu thé phi tuyén trong (10) hoat ddng nhu mot bo diéu khién tuyén tinh ¢ diéu
kién bay lo ling khi cac goc nghiéng nhé. Cac goc tham chiéu (¢d (t),Hd (t),l//d (t)) dugc xur ly

(10)

bang bo loc k¥ thuat sé bac hai dé giam nhidu.
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Hinh 1. Cdu triic ciia b diéu khién diea trén vong Idp bén trong - bén ngoai.
3. KET QUA VA THAO LUAN
3.1. Ty ddng cit canh, bay quy dao chir nhat
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Hinh 2. Quy dao vi tri UAV trong qua trinh bam quy dao chir nhdt.
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Bo diéu 'khién phi tuyén tinh cho béi (10) dugc sur dung trong thir nghiém chuyén bay dat dugc
kha nang cat canh ty dong va bay lo limg. Céac ket qua thir nghiém, nhu trong hinh 2 cho thay kha
nang ty dong cat canh bam chinh xac 1énh tham chi€u do cao, gitp kiém soat do cao hi¢u qua.

Dap ung vi tri X so voi gia tri dat
N T T
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Hinh 3. Vin toc tinh tién ciia UAV trong qud trinh bam quy dao chit nht.

Dap ung goc phi so voi gia tri dat

Dap ung goc theta so voi gia tri dat
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Hinh 4. Trang thai cia UAV trong qud trinh bam quy dao hinh chit nhdt.

Hinh 3, 4 két qua thir nghiém tir chuyén bay dat dugc kha nang cét canh, bay bam quy dao va
ha canh tu dong. Cac quy dao tham chi@u tu thé duge bam chinh xac véi sai s dl‘J:c’)’i 0,§°. UAV
cung dat dugc mot chuyén bay lo limg 6n dinh. Chuyén dong ngang ciing dugc diéu khién chinh
xac trong qua trinh cat canh va ha canh voéi sai s6 nho hon 0.1 m.

3.2. Bam quy dao xoin ¢

Trong thur pghiém quy dao xoén’éc da duoc thug hién dé chirng minh hiéu qua bam ctia bo diéu
khién phi tuyén. Quy dao tham chi€u dugc tao ra bang cach sir dung m6 hinh dong hoc cua duong
xoan 6¢ Archimede dé sira d6i dé thu dugc duong xoan 6c c6 khoang cach phén tach khong doi
gilta cac lan quay lién tiép nhung cling c6 toc do tieép tuyen khong doi (3 m/s).

"Két qua tir chuyén bay thir nghiém trong d6 UAV tu dong thyc hién bam quy dao xodn oc¢ dugce
thé hién trong hinh 5, 6 va 7. C6 the thay rang, UAV da bam thanh cong cac quy dao tham chi€u
bao gom ca quy dao do cao dé tu dong cat canh va giir d6 cao.
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Hinh 5. Quy dao vi tri UAV trong qud trinh bam quy dao xoan oc.
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Hinh 6. Vin toc tinh tién ciia UAV trong qud trinh bam quy dao xodn dc.

Dap ung goc Theta so voi gia tri dat Dap ung goc Phi so voi gia tri dat
2 = Dap ung goc Theta 2 =——Dap ung goc Phi
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Hinh 7. Trang thai ciia UAV trong qud trinh bam quy dao xodn dc.
Céc két qua kiém soat goc nghiéng duoc hién thi trong hinh 7 cho thdy, bo diéu khién vong
trong duoc d€ xuat cho két qua bam quy dao xoan Oc rat tot sai so gitta tin hi€u ngo ra va tin hi€u
dat rat nho ngay ca trong mé hinh chuyén dong véi quy dao phic tap.
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4. KET LUAN

Nghién ctru nay tlep can va giai quyet mot sb Van dé chinh lién quan dén UAV ty hanh. Bai
bao dé xuat hé thong diéu khién chuyen bay phi tuyén dé dam bao tinh 6n dinh cta hé thong Két
qua cho thay, hé thong c6 kha nang diéu huong va bam quy dao hiéu qua voi may bay bdn canh
quat. Cac thr nghiém ciing chi ra rang, hé thong diéu khién phi tuyen tinh hd trg quadrotor theo
ddi quy dao tham chiéu mét cach chinh xéc, ke ca trong diéu kién téc d6 cao, goc lon va cac chuyén
dong phuc tap. biéu nay danh d4u budc tién quan trong trong viéc phat trién UAV hoan toan tu
dong va kha nang ung dung trong thuc té.

Hudng phat trién tiép theo co thé cai thién hé thong diéu khién dap ung cac chuyén dong bay ¢
tdc d6 cao hon ciing nhu linh hoat hon. Két hop cic camera diéu khién ti wu theo quy dao lap san.
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ABSTRACT

Design of stable flight of nonlinear controller for quadrotor form UAV

This article presents a method for designing a nonlinear controller for unmanned aircraft.
This method uses a nonlinear model of a quadrotor UAV and a cascading two-loop control
structure. The speed control loop is used to adjust the speed of the motors, the angle control
loop is used to adjust the rotation angle of the UAV. By using the theory of cascade control
system, the stability of the system has been proved. Using simulink matlab environment to
simulate flight trajectory for UAV. The results show that the control system can control the
UAV from takeoff, flying with different trajectories until landing in a stable way.

Keywords: UAV; Quadrotor; PID; Modeling.
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