Nghién ciru khoa hoc cong nghé
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Tém tit: On dinh quy dao cho mdy bay khéng nguoi ldi canh c¢é dinh la mét nhiém vu
phite tap. Véi cing gid tri goc dat nhung két qua quy dao bay thuwc té lai khdc nhau trong
diéu kién khac nhau vé do cao, toc do doi khdng, nhiét do, dap sudt dong,... Viéc diéu khién
mdy bay khéng nguoi ldi canh cé dinh bao gom nhiéu kénh, cu thé nhw b diéu khién theo
géc chiic ngée, bo diéu khién theo goc nghiéng, bo diéu khlén theo géc hudng. Ching
thwong dwoc thiét ké bang phirong phap diéu khién PID truyén thong. Ti uy nhién, dé dat
dwoc loi thé chlen thudt, may bay chién ddu hién dai thuong huong dén cdc vin dong
ngodi ving tuyén tinh, do dé, mét phwong phdp tiép can hiéu qua hon dé chinh la thiét ké
b diéu khzén $6 toi uu toan phuwong DLOR. Ddy la co so quan trong dae thuc té hod by
diéu khién so DLOR on dinh quy dao cho mdy bay khong nguoi lai canh co dinh. Két qua
mé phong cho thdy tinh hiéu qua va tinh bén viing cua chiéen lugc diéu khién nay ngay ca
khi ¢6 nhiéu loan mé men khi dong va do khong on dinh tham $0.

Tir khéa: Bo diéu khién DLQR; May bay khong ngudi 14i canh ¢ dinh; Quy dao bay.
1. PAT VAN PE

May bay khong ngudi lai (UAV) dang dan tro nén phod blen cho cac muc dich dan su
va quéan su. Diéu khién cho may bay khong nguoi lai canh c¢d dinh 6n dinh quy dao giir
vai trd dic biét quan trong. Theo [1] && UAV hoat dong tot trong cac mdi trudng phirc
tap, doi hoi phai co nhiéu thuat toan diéu khién khac nhau. Trong do, cac ly thuyét diéu
khién hién dai ing dung cho UAV nhu diéu khién phi tuyén [2], diéu khién backstepping
[3], diéu khién truot [4], diéu khién mo, mang noron [5]. Cac nghién ctru da chi ra rat
nhiéu wu diém cia cac phuong phap diéu khién hién dai. Tuy nhién, tinh (mg dung vao
thuce tién ctia ching rat thap do tinh toan phtc tap, chi phi gia thanh bo diéu khién cao.
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Hinh 1. Cdc co quan diéu khién ciia UAV Ultra Stick 25€ [9].
Céc thuat ngilr tiéng Anh trong hinh 1 nhu sau: Roll- Truc doc; Pitch- Truc ngang;
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Yaw- Truc dung; Ailerol- Canh lai li¢ng; Elevator- Canh dudi ngang hay cénh lai do
cao; Rudder- Canh duoi dirng hay canh lai hudng.

Trong nhiéu ‘nghién ciru, viée diéu khién may bay khong nguoi lai canh cb dinh lai st
dung cac bo diéu khién PID truyén thong [6]. BO dleu khién PID tuyén tinh co ciu trac
don gian, dé thuc h1en d2 tinh toan thiét ké vi chi can chinh dinh 3 tham $6 Ky, Ki, K.
Tuy nhién, sy phat trién cua khong quan ngdy nay véi cac kha ning giam su phat hién
ctia ra da, vén tdc bay 16n, strc co dong manh,... da tao ra thach thirc trong van dé nang
cao d6 chinh xac thiét lge diéu khién bay cua may bay. Thyc té may bay khong nguoi lai
canh co dinh la mQt doi tuong phi tuyén manh, chiu nhiéu anh h}rc"rng cua moi trudong
nhu nhiét do, ap suat, do cao, gid,... Do vay, bo di¢u khién PID tuyén tinh kho co thé dap
g cac chi tiéu yéu cau dit ra. Trong bai bao nay céc tac gia dé xuat sir dung b diéu
khién sb t6i wu toan phuong DLQR, thay thé bo diéu khién PID va cac bo diéu khién
hi¢n dai. Day 1a bd diéu khién c6 cdu trac khong qua phirc tap ma van dam bao tinh hiéu
qua va tinh bén vitng cua cac phuong phap diéu khién hién dai.

2. NOI DUNG
2.1. Phuong phap thiét ké bd diéu khién so tdi wu toan phwong

Phuong phap thiét ké bo diéu khién s6 tdi wu toan phuong dugc danh gia la cong cu
thict ké day trién vong. Co so toan hoc cua phuong phép thiét ké nay nhu sau [7]:

Cho dbi twong tuyén tinh rdi rac mé ta bai phuong trinh trang thai:

X(k+1)=Agx(k)+Bgu(k) 1)

Trong do:

X(K)=[x1(K), X2(K), .., Xa(K)]": Véc to trang thai

u(k)=[ur(k), Uz(K), .., un(K)1™: Véc to tin hiu didu khién

Bai toan dit ra 1a tim tin hiéu diéu khién u(k) diéu chinh hé théng, sao cho tbi thiéu
ham chi ti€u chat lugng dang toan phuong:

3@ =2 3K ()QK(K) +u" (WRu(K)] @

Tin hiéu diéu khién ti wu: u*(k) = - Kx(k)

Trong d6: K =[B]PB, +R]"'B]PA,

Va P 1a nghiém ban xac dinh duong ctia phuong trinh dai s6 Ricatti:

P=A{(P—PB,(B;PB, +R) "BjP)A, +Q @)
Gié tri cuc tiéu cua chi tiéu chat luong:
Jmin = X" (0)Px(0)

2.2. Nhin dang phwong trinh chuyén dong doc ciia UAV Ultra Stick 25¢
2.2.1. M6 hinh tién nghiém chuyén déng doc ciia UAV theo goc tin

Chuyén dong doc 1a chuyén dong tinh tién ciia may bay theo tryc Ox, Oy va qchuyén
dong quay cua may bay quanh truc Oz. Noi cach khac chuyén dong doc la chuyén dong
ma may bay co dong trong mat phang thang dirng doc truc cua may bay theo cac thong
s6 toa do x, do cao H, gc chic ngdc (goc pitch) 6.
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Mo hinh tién nghiém chuyén dong doc ctia UAV theo goc chuc ngoc 1a mot khau dao
dong bac 2 ¢6 so do cau tric nhu hinh 2:

'85 K(Dﬁ 0
> —>
P?+2¢w P+’

Hinh 2. M6 hinh tién nghiém chuyén dong doc ciia UAV theo géc chlic ngéc 6.
2.2.2. Phwong phap nhan dang khau dao dong bac 2 thong qua dap vng xung
Pé nhan dang mo6 hinh, ta tac dong dau vao 1a ham xung don vi, va do tin hiéu dau ra
duoc dang dap ung nhu hinh 3. Pap Gng xung ctia khau dao dong bac 2 1a g(t) dang nhu
hinh 3:

dh(t) e Ot
T—L {W(p)} =K. B e “sinpt

9(t) = K.(on. on/ B). ga(t)- g2(1)
g(t) ‘ /gl(t) = et

9t =

(1) = sin(P.t)

Hinh 3. Bap ing xung khdu dao dong bdc 2.
_ Tanhén thdy rang, dang d4p ng xung cua khau dao dong béc 2 la dang dao dong tat
dan. B9 16n bién d) cua dao dong suy gidm dan theo ham mii:
g]_(t) — e-a.t
Dbap timg xung dao dong theo quy ludt ham sin:
92(2) = sin(p.1)
- Tinh B: Cin ctr vao biéu thirc va dd thi ctia g(t), ta thay, tan s goc cta dap ung
chinh la
p=2nf=2a/T 4)
Bang viéc quan sat dap ing xung ta xac dinh duoc T, tir d6 tinh p = 2.w/T.
T= tl-tz
Vy dé tinh duoc B, ta chi can xéc dinh t1, to. Vi t; 1a thoi diém dép img xung dat cuc
dai lan dau tién; t, 1a thoi diém dap Gng xung dat cuc dai lan thu 2.
- Tinh a: Nhin vao hinh 3 thay, tai thoi diém ty, tothi go(#) = sin(B.t) dat Max tirc 1a:
g2(th) =sin(f.t1) =1; go(tz) =sin(f.tz) =1
Do vay:
g(t2) = K.(on. on/ B). €™ g(tz) = K.(wn. @/ B). €2 g(t)/g(t)=e*Z™): Suy ra:
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a=In[g(t)/ g(t2)] / (t2 — t1) )

- Tinh & va on,

azé.mn; B= con.\/l—?
batm = a/p =¢/sqri(l-E2),
Suy ra:
&= sqrtfm’/(1+ mA)] |, on= o/ & (6)
- Tinh K
K =g(t) / [(wn @il B). €] (7
2.2.3. Nhdn dang mé hinh chuyén déng doc UAV théng qua ddp vng xung
- Thu thip két qua do dap ng xung ciia mé hinh:
Véi chiéc UAV Ultra canh c6 dinh Stick25e c¢6 cac thong s6 k¥ thuat dua ra trong
bang 1.
Bing 1. Théng s6 ky thudt UAV 25e.

Dai lwgng Ky hiéu | Gia tri Don vi

Khoéi lugng m 1.959 kg
Day cung canh B 1.27 m
Dién tich canh S 0.31 m?
Day cung khi dong trung binh c 0.25 m
Heé s6 luc nang C, 0.458 -
Hé sb luc can Co 0.0434 -
Hé s6 luc day C, 0.75 -
Hé s6 md men Cy 0.86 -
Heé s6 phap tuyén Cw 1.37

Téc d6 bay bang U 13-18 m/s
Khdi luong riéng khong khi p 0.0013 g/m®
Téc d6 nho nhat Vo 10 m/s
Tdc do 16n nhét Vi 25 m/s

Dé tién hanh do dap tng xung, ta cho tac dong dau vao la mot xung don vi va do dau
ra. Két qua do dugc 256 gia tri cua dép ing xung:
G=[ 0.01459;0.09223;0.16487;0.23240;0.29471;... ; 0.00903; 0.00687; 0.00475;
0.00268]

90 BP.H.Toan, ..., T.T. Ngoat, “Tong hop by diéu khién sé téi wu ... khéng ngwoi ldi canh cé dinh.”



Nghién ciru khoa hoc cong nghé
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Hinh 4. Dap ing xung kénh chuyén dong doc cua UAV Ultra canh cé dinh Stick25e.

Trf:n co s¢ thudt todn mo ta trong muc 2.2.2, tac gia da xay dung b nhian dang mo hinh
chuyén dong doc UAV thong qua dap tng xung. Hién tai BO nhan dang nay dang duogc
ung dung trong phong thuc hanh do luong, Khoa K¥ thuat co sé, Hoc vién Phong khong -
Khong quan. Str dung B nhén dang mé hinh thong qua dp ng xung, nhom tac gia da
tién hanh nhin dang mo hinh c}luyén dong doc cua UAV Ultra Stick25e canh c6 dinh. Két
qua nhan dang d}IQ’C cac HE so trang thai trong mié,n lién tuc ctia phuong trinh trang thai
mo ta kénh chuyén dong doc ctia UAV Ultra canh c6 dinh Stick25e nhu sau:

A =[-0.31356.7 0;-0.0139 -0.426 0;0 56.7 0];

B =[0.232;0.0203;0];

C=[001];

D =[0];

Tién hanh kiém chung so sanh két qua nhan dang v6i mo hinh miu ciia may bay trong
chuyén dong doc, cho 3 truong hop:

- Tac dong vao la ham bac thang don vi;

- Téac dong vao la dao dong hinh sin;

- Tac dong vao la ham bac thang don vi két hop dao dong hinh sin, c6 nhiéu.

Cho thiy dap tmg dau ra ciia mé hinh miu va mé hinh nhin dang ludn bam sat nhau
v6i do phit hop 13 99.67%, sai s6 du bao cudi cung FPE: 1.96.107, sai s trung binh binh
phuong MSE: 1.86.10°.
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Hinh 5. Két qua kiém chitng mé hinh nhdn dang véi tin hiéu dau vao dang xung don vi.
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Pitch angle [rad]

Hinh 6. Két qua kiém chitng mé hinh nhdn dang véi tin hiéu dau vao ngau nhién.
2.3. Xay dung bd diéu khién s6 DLQR cho kénh doc ciia UAV Ultra Stick 25¢
So dd clia mot hé thong diéu khién sé phan hoi trang thai duoc trinh bay trong hinh 7,
trong do, q'1 la khéq gilr chérp; K la ma trén7d6 loi; x = [a, qs 0] 1a vector trang théi;’Gdes
1a dau vao tham chi€u; 6 la dau vao dicu khién; 6 1a véc to dau ra; A la ma tran h¢ thong;
B 1a ma tran diéu khién; C 1a ma tran ra [8].
Vi luat phan hoi trang thai:

(k) = 04 (k) — Kx(K) (8)
ta co:
X(k +1) = (A—BK)x(k) + B6, (k) 9
0(k) =Cx(k) ®©)
IR P IS Gl BEC I Py LG

K |

Hinh 7. Hé thong diéu khién sé phan hoi trang thdi.
Céc chi tiéu thiét ké: Do qua dicu chinh nho6 hon 10%; Thoi gian tang nho hon 2 gidy;
Thoi gian qué d§ nhé hon 10 gidy; Sai s6 xac 1ap nhé hon 2%.
Dé thiét ké bo dié~u khién sd, can chuyén d6i mé hinh déi twong sang mién roi rac.
Chon thoi gian lay mau Ts = 0.01, st dung bd Iuu gitr bac khong ZOH.
Mo hinh khong gian trang thai thoi gian rdi rac theo chuyén dong doc ciia UAV Ultra
Stick 25e la:
o(k+1) 0.9969 0.5649 0| a(k)| |0.0024
q(k+1) | =] -0.0001 0.9957 O || q(k) |[+|0.0002 |[3(k)]

o(k +1) 0 05658 1| 6(k)| |0.0001
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a(k)
y(k)=[0 0 1]| a(k) [+[0][8(k)]

(k)
Dé thoa min cac chi tiéu chat lugng thiét ké yéu cau, chon: p = 200; Q = p*C'*C; R =1;
B9 diéu khién phan hoi trang thai ¢6 tham s6 nhu sau:

K =[-0.6633 249.7299 13.7945]
3. MO PHONG VA PANH GIA BQ PIEU KHIEN SO DLQR

Pap g qua do cua b diéu khién DLQR khi chua bu
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Hinh 8. Bdp g qud do ciia b diéu khién DLOR khi chiea ¢é bi.
- Do qua diéu chinh 4,72% nho hon 10%;
- Thot gian tang 0,523 gidy nho hon 2 giay;
- Thot gian quéa do 1,47 gidy nho hon 10 giay.
Tuy nhién, sai s6 xac lap 1a 0.2-0.0145 = 0.1855= 18,55% 16n hon 2% ta can dua

thém khau b Np, ¢ dau vao theo hinh dudi day:
x(k { C‘ a(k)

+*

[ ] [

Hinh 9. So dé hé thong diéu khién sé phan hoi trang thdi cé bil.
Pép tmg quéa do cua bo diéu khién DLQR khi ¢ bu nhu trong hinh 10.
Tu do ‘thi ne‘lry, ghﬁng ta th?iy ré‘mg da loai trir duge hoan toan sai sb xac lap, va tat ca
cac yéu cau thiét ké duogc dap tng.
]é)é xet vai tro cua bo diéu khién khi c6 thém tac dong ctia nhiéu, gia sir dwa vao luong
nhi€u ngau nhién nhu trong hinh 11.
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Hinh 10. Ddp ung quad do cua b diéu khién DLOR khi c6 bu.
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Hinh 11. Nhiéeu tac dong.
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Hinh 12. Ddp itng qud dé ciia b diéu khién PID va DLOR
khi ¢6 ciing mikc nhiéu tac dong.
Tir hinh 12 ta thy, khi ¢6 thém tic dong cta nhi€u, by diéu khién DLQR van dim
bao duy tri h¢ thong dap ung tot tat ca cac yéu cau thiet ké. Tuy nhién, véi cung muc
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nhidu nay tac dong, bo diéu khién PID phan tmg chdm hon, dap Gng dao dong nhiéu
xung quanh gia tri xac lap.

4. KET LUAN

Qua qua trinh nghién ctru “tong hop bo diéu khién sb tdi ‘uu toan phuong 6n dinh quy
dao chuyén dong doc cho may bay khong nguoi lai canh ¢ dinh”, nhom nghién ctru da
téng hop dugc bo didu khlen s6 DLQR 6n dinh quy dao chuyén dong doc cho may bay
khong ngudi lai canh ¢ dinh loai Ultra Stick25e. Két qua mé phong cho thiy dap tng
diéu khién tot néu lya chon cac ma tran trong lugng thich hop cho bo diéu khién DLQR.
Khi so sanh hiéu qua cua 2 bo diéu khién PID va DLQR khi c6 cung muc nhiéu tac
dong, bo diéu khién DLQR dam béao duy tri hé théng dap tng t6t tit ca cac yéu cau thiét
ké, bd diéu khién PID phan ung chdm hon, dap tng dao dong nhiéu xung quanh gid tri
xac lap.

Cac két qua nghién ciru can duoc tiép tuc phét trién trén co so két hop bo diéu khién
DLQR va b¢ loc Kalman s& dugc bd diéu chinh DLQG. Diéu khlen DLQG ap dung cho
ca cac hé thong tuyén tinh thoi gian bat bién va cac hé thong tuyén tinh thoi gian bién
d6i. Viéc ap dung vao cac h¢ thong tuyén tinh bién ddi theo thoi gian cho phép thiét ké
cac bo diéu khién phan hoi tuyén tinh cho cac hé thong phi tuyén khong 6n dinh. D6
ciing chinh 13 mong mudn cia cac tac gia, va s& 1a hudng nghién ciru tiép theo trong thoi
gian toi.
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ABSTRACT

DESIGNING THE QUADRATIC OPTIMAL DIGITAL CONTROLLER
TO STABILIZE THE LONGITUDINAL TRAJECTORY
FOR FIXED-WING UNMANNED AIRCRAFT

Orbital stabilization for fixed-wing Unmanned Aerial Vehicles is a complex
task. With the same set angle value, but the actual flight trajectory results are
different in different conditions of altitude, airspeed, temperature, dynamic
pressure,... The control of fixed-wing unmanned aircraft includes many channels,
namely the pitch angle controller, roll angle controller, yaw angle controller. They
are usually designed using traditional PID control methods. However, in order to
gain a tactical advantage, modern fighters are often geared toward maneuvers
outside the linear region, so a more effective approach is to design a the full state
Linear Quadratic Regulator DLQR. This is an important basis for the actualization
of the orbital-stabilized DLQR digital controller for fixed-wing unmanned aerial
vehicles. The simulation results show the effectiveness and sustainability of this
control strategy even in the presence of aerodynamic torque disturbances and
parametric instability.

Keywords: DLQR controller; Fixed-wing unmanned aircraft; Flight trajectory.
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