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XAY DUNG BQ PIEU KHIEN LQR TU CHINH
CHO KENH PIEU KHIEN GOC PITCH CUA QUADROTOR
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Tém tit: Bai bdo trinh bay vé xdy dwng bg diéu khién toi wu toan phiong tuyén tinh
(LOR) cho kénh diéu khién goc pitch ciia quadrotor va gidi phép ti chinh cho bg diéu khién
nay. Pay la mét gidi phap nham dam bdao sw 6n dinh cho kénh diéu khién géc pitch ciia
quadrotor khi tham sé hé thong thay doi ngau nhién. Cdc két qua mé phong trén phan mém
Matlab-Simulink cho thd'y bé diéu khién dioc xay dung on dinh duoc hé théng rat tot.

Tir khéa: Diéu khién t6i uu tu chinh, LOR ty chinh, Quadrotor.

Abstract: This paper presents the construction of a linear quadratic regulator optimal
controller (LOR) for the pitch angle control channel of the quadrotor and a self-tuning
solution for this controller. This is a solution to ensure the stability of the quadrotor pitch
angle control channel when the system parameter changes randomly. The simulation results
on Matlab-Simulink software show that the built-in controller stabilizes the system well.

Keywords: Self-tuning optimal control, Self-tuning LOR, Quadrotor.

I. Pit van dé té dé phat huy tot hiéu qua cia b diéu

Nhu ching ta da biét déi véi céc khién, thi ta phai biét chinh xé4c cac thong

phuong phap diéu khién kinh dién, do céu
trac don gian va bén virng nén cac bo diéu
khién PID (ty 1¢, tich phan, dao ham) dugc
dung phd bién trong cac hé diéu khién
cong nghiép. Nhung cac hé sd ciia bo diéu
khién PID chi duoc tinh toan cho mot ché
dd lam viéc cu thé cua hé théng, do vay
trong qua trinh van hanh luén phai chinh
dinh cac hé sd nay cho phu hop véi thuc

* Khoa V6 tuyén dién tir, Trudng Si quan Khong quan

s6 va kiéu cua dbi twong can diéu khién.
Hon nita, bo diéu khién nay chi chinh xac
trong giai doan tuyén tinh con trong giai
doan phi tuyén thi cac phwong phéap diéu
khién kinh dién khong thuc hién duoc.
Nhirng nim gan déy, khoa hoc ky thuat
phat trién rit manh mé&, mot phuong phap
dugc nhidu nha khoa hoc trong va ngoai
nudc sir dung rat nhiéu d6 1a phuong phép
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diéu khién thich nghi va diéu khién t6i
vu. Trong d6 phuong phap diéu khién t6i
wu khéc phuc dugc cac nhuoc diém cua
cac bo diéu khién co dién, tuy nhién viéc
lua chon, tinh toan hé s6 ba kha phuc tap,
ddng thoi khi hé théng thay ddi tham sb
thi bo diéu khién ciing s& bj anh huong
chat luong.

Trén co so nghién curu, phan tich uu
khuyét diém cua bo diéu khién t6i wu LQR
diéu khién goc pitch cua quadrotor, tac
gia da dwa ra giai phdp xdy dwng b diéu
khién LOR tu chinh d@é nr diéu chinh thay
d6i hé s6 bui khi hé thong thay doi tham sé
ngau nhién. Cac két qua mo phong trén
Matlab-simulink chirng minh hi€u qua cua
b6 diéu khién nay.

x(k+1)= A x(k) + B,u(k)
c(k) = C,x (k)

IL. Co s& ly thuyét

2.1. Ly thuyét xiy dung bé diéu
khién LOR [1][2]

Ly thuyét didu khién diéu khién
LQR 1a modt phuong phap diéu khién
manh dé diéu khién hé thong tuyén tinh
dugc mo ta bang phuong trinh trang thai.
K§ thuat LQR tao ra bd diéu khién vong
kin 6n dinh véi nang luong cung cap cho
hé thdng 1 nho nhat.

Phuong phap diéu khién nay dua
vao ham chi phi phu thudc vao trang thai
cua hé théng dong hoc va dau vao diéu
khién dé dua ra cac quyét dinh diéu khién
t6i wu.

Mot hé théng biéu dién dudi dang
khong gian trang thai nhu sau:

L e x(k + 1) = Ax(k) + Bu(k)p=0—= C, —=

K

Hinh 1.1. So do cdu triic b diéu khién LOR trong mién roi rac

Tin hiéu diéu khién s& 1a:
u(k)= r(k) - K.x(k)

(2)

Ham chi phi cho hé théng tuyén tinh c6 dang:

J=

w©
k=1

x(k)" Q x(k) +u(k)" Ru(k) +2x(k)Nu(k) (3)

Trong d6 Q, R déu 12 ma tran xac dinh dwong va dbi ximg.

Cac vector K dugc cho boi LQR la:
K=(B,PB,+R)'(BjPA, +N")

(4)

V&i P 1a mot ma tran ddi xtung thu dugc nho gidi phuong trinh dai s6 Riccati:

A'PA,—P—(ATPB,+N)(B'PB, +R)'(BIPA, +N")+Q =0 (5)



Muc tiéu trong thiét ké t6i wu 1a
chon K dé giam thiéu ham chi phi. Ham
chi phi con duoc goi 1a chi s6 hiéu sudt J,
xac dinh ning luong tiéu ton cua hé thong.
Tir ham chi phi, bién trang thai x(k) va dau
vao diéu khién u(k) co trong sd trén tong
nang luong ton hao cia hé thng. Do do,
néu J nho, x(k) va u(k) khong thé qué Ién
va la mot muc tiéu diéu khién. Diéu nay co
nghia 1a x(k) tién dén zero, khi k tién ra vo
cung, dam bao sy 6n dinh cho vong diéu
khién kin cia hé thong.

Trong Matlab ta ¢ thé ciu trac 1énh
[K,P,e]= dlgr(A,B,Q,R,N) d¢ tinh gia tri
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ctia K. Trong d6 tity theo d6 16n twong ddi
giita trong s6 Q va R ma hé thong c6 dap
mg qua do va tiéu tén niang lugng khac
nhau. Mudn trang thai dap Gng nhanh thi
tang thanh phan Q, twong trng mudn giam
nang lugng thi ting R.

2.2. Xdy dung b¢ diéu khién LOR
tw chinh

Trong ndi dung nay tac gia di xay
dung bd diéu khién LQR tu chinh truc tiép.

Hé diéu khién tu chinh truc tiép:
udc lugng truc tiép thong s6 bo diéu khién
ma khong can nhan dang mé hinh toén cua
dbi twong [2].

Udc luong truc tuyén [«
thong so diéu khién

A

0

A

Uc

V=

Bo diéu khién

Y

> Déi tugng

Hinh 2.1. So d6 khoi tong qudat hé thong diéu khién thich nghi tw chinh truc tiép

Trinh tw xday dung bo diéu khién
LOR twr chinh:

- Buwée 1: Xay dung bd didu khién
LQR dua theo tham sb dbi tuong.

- Buwdc 2: Lya chon giai phap, tinh
toan tham sb xay dung bo tu diéu chinh
phu hop.

Dé bd diéu khién LQR c6 thé tu
diéu chinh va cho tin hiéu dau ra dép tng

yéu cau khi hé thdng thay d6i tham sb co
cac giai phap sau:

+ Giai phap 1: diéu chinh ma tran
phan hdi K;

+ Giai phap 2: thay d6i khau bu tin
hiéu vao.

- Buwée 3: Kiém chimg mé hinh bo

diéu khién
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a(k 1(k) u(k)

x(k+1)=Agx(k) + Bau(k)

x® C, o

YZ

K

Bo diéu chinh

Hinh 2.2. So do khoi b diéu khién LOR tu chinh

III. Xay dung bd diéu khién LQR
tw chinh cho kénh diéu khién géc pitch
cia quadrotor

Trong ndi dung nay véi muc dich
xay dung bo diéu khién LQR tu chinh
cho kénh diéu khién goc pitch cua
quadrotor do d6 tac gia st dung mo hinh
mau v6i ham truyén kénh chuyén dong
goc pitch cua quadrotor dugc nghién cuu
trong tai liu “Guidance and Trajectory
Following of an Autonomous Vision-
Guided Micro QuadRotor” cua dai hoc
cong ngh¢ Lisbon [6].

Ham truyén kénh diéu khién goc
pitch [6].

0.2655-14.8528>

3.1. Xdy dwng diéu khién LOR
- Tir md hinh ham truyén cong thirc
(6) chuyén sang mién roi rac v6i T=0,1s

ta duoc:

0.1626z+ 0.0984
7>-0.25862+0.2418

TF(z) = ()

- Chuyén dbi twong sang mién
khong gian trang thai sir dung tinh toan
trén phén mém matlab, khi d6 ta duge cac
ma tran hé s6 A, B, C, D cuia d6i tuong va
hé s6 phan hoi trang thai K:

[0.2586 -0.2418} [1}
= B =
0].
C=[0.1626 0.0984] p—o

1.0000 0

K=1[0.0218 -0.0108].

)= 41055 11485080 O
§”+14.1955 +14. - M6 phong trén simulink:
A
K*u
1 U Y
o> + : . out
In1 5
Int Qutl ———» (1 )
In Ot
Déi trgng

Hinh 3.1. M6 hinh khéng gian trang thdi kénh diéu khién goc pitch ciia quadrotor
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Nbar

B

DOEIOEI[] W In1 Scopel
Signal Out2
Generator
Dai firong
K‘ui—%
K

Hinh 3.2. B diéu khién LOR cho kénh diéu khién géc pitch cia quadrotor

3.2. Xdy dung bg tw chinh

- Giai phap : Thay d6i khau bu tin
hiéu vao;

- Trong bai bdo nay tac gia dua ra
giai phap thay d6i khau bu tin hiéu vao
mdi khi hé théng thay doi tham s6 nho bd
diéu khién fuzzy logic mo.

- Pau vao khdi diéu khién mo 14 tin
ra ldy hiéu phan hdi duoc chia thanh 2 dau
vao tuong tmg 2 nira tin hiéu. Pau ra 1a hé
s6 bu tuong mg.

- Nhu vay bo diéu khién mo gém 2
dau vao 1 dau ra véi cac tap mo tuong ing
nhu sau:

Input 1:

(vl; v2; v3; v4; v5; v6; v7; v8; v9;
v10; v11; v12; v13; v14; v15; v16; v17;
v18; v19)

Tuong ung céc gia tri:

(0.6912; 0.7258; 0.7603; 0.7949;
0.8295; 0.8640; 0.8986; 0.9332; 0.9677;

Fuzzy Logic
Controller

Out1

—@— 0

3.2 |[Constant

1.002; 1.037; 1.071; 1.106; 1.141; 1.175;
1.210; 1.244; 1.279; 1.313).

Input 2:

(al; a2; a3; a4; a5; a6; a7; a8;a9;
al0; all; al2; al3; al4; al5; al6; al7;
alg; al9).

Tuong Gng céc gia tri:

(-1.313; -1.279; -1.244; -1.210;
-1.175; -1.141; -1.106; -1.071; -1.037;
-1,002;  -0.9677; -0.9332; -0.8986;
-0.8640; -0.8295; -0.7949; -0.7603;
-0.7258; -0.6912).

Output:

(del; dc2; dc3; ded; des; de6; de7;
dc8; dc9; dcl0; dcll; dcl2; dcl3; del4;
dcl15; dcl6; dc17; dcl8; dc19).

Tuong Gng céc gia tri:

(0; 0.05; 0.1; 0.15; 0.2; 0.25; 0.3;
0.35; 0.4; 0.45; 0.5; 0.55; 0.6; 0.65; 0.7;
0.75; 0.8; 0.85; 0.9).

- M6 phdng trén simulink:

—

Gaint
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Dt

In

self tuning
fuzzy logic

Hinh 3.3. Bo tu chinh su dung diéu khién mo
3.3. Xdy dwng bé diéu khién LOR tw chinh

Tu cac két qua xay dung bo diéu khién LQR va bo tu chinh ta c6 so d6 cau truc bd diéu
khién LQR ty chinh mé phong trén simulink.

.
oooo onEE— =I

00 il 1ol Scopet
Signal ; Out2

Generator Product

h 4

Déi trong

<

Self tuning
fuzzy logic

Hinh 3.4. So do cdu triic bé diéu khién LOR ty chinh
cho kénh diéu khién géc pitch cia quadrotor

IV. Két qua md phéng

Tir cac nghién ctru xay dung bo diéu khién trong muc 3 chay chwong trinh mo phong
tacod két qua md phong nhu sau:
2 K]

NN

[} 20 40 60 80 100 120 140 160 180 200

Hinh 4.1. Két qua mé phong ddp ing dau ra khi sir dung bé diéu khién LOR
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- Khi cho hé thong thay d6i tham s6 (A+0.01*rand(1), B+0.01*rand(1), C+0.01*rand(1))
kiém tra sy 1am viéc ctia bo diéu khién LQR:

2 T T T T

2 1 1 1 I
0 20 40 60 80

100

120 140 160 180 200

Hinh 4.2. Két qud mé phéng b diéu khién LOR khi hé thong c6 sw thay doi

Nhian xét: Qua két qua mo phong
(hinh 4.1, hinh 4.2) ta thay trong diéu kién
hé thong 6n dinh khong co sy thay doi
tham sd thi véi thuat toan tdi wu ciia minh
bd diéu khién LQR cho thdy uu diém vai
dd chinh xéc cao thoi gian dép ung nhanh.
Nhung khi hé théng c6 su thay ddi tham
s6 vi mot 1y do nao d6 luc nay bo diéu

khién LQR cho thdy nhiing han ché nhét
dinh, kha nang diéu khién kém, bién do tin
hiéu ra khong 6n dinh véi sai s6 dang ké.

- Khi cho hé théng thay ddi tham
sO  (A+0.01*rand(1), B+0.01*rand(1),
C+0.01*rand(1)) kiém tra su 1am viéc cta
bo diéu khién LQR ty chinh:

=

Hinh 4.3. Két qua mé phéng bg diéu khién LOR tw chinh

Nhan xét: Qua két qua mo phong
cho thiy khi str dung bo diéu khién logic
m& diéu chinh hé sb bu tin hiéu vao khi
hé thdng thay doi thi b diéu khién LQR
1am viéc twong ddi tot véi cac chi tiéu chat
luong dat yéu cau dé ra.

V. Két luén

Két qua nghién ciru cho thiy bo
diéu khién LQR trong diéu khién tr dong

14 bo diéu khién t6i wu v6i nhiéu uu diém
vuot troi so voi cac bd diéu khién cd dién
nhu PID. Tuy nhién khi hé thong khong
6n dinh c6 sy thay d6i tham sd, dic biét
1a cac vat thé bay nhu quadrotor cac kénh
chuyén dong thuong hay thay dbi tham
s6 ngiu nhién, khi d6 cac bo diéu khién
LQR s& khong dap ung dugc ciac yéu
cau vé diéu khién va xdy ra sai léch. Giai
phap dit ra cho van d& nay 1a xay dung
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mot bo tu diéu chinh bam theo sy thay ddi
tham s6 cua d6i twong dé diéu chinh cac
tham s6 cua bo diéu khién cho phu hop.
Ap dung giai phap vao xay dung bo diéu
khién LQR tu chinh cho kénh diéu khién
goc pitch ciia quadrotor v6i két qua méd
phong cho thiy két qua twong ddi tdt, khi
tham sd cua kénh chuyén dong goc pitch
thay d6i thi bo diéu khién sé& ty diéu chinh
hé s6 bu dam bao dap ing dau ra luén bam
theo tin hiéu diéu khién dau vao. Két qua
nghién ctru hoan toan c6 thé ap dung vao
xdy dung bo diéu khién cho cac chuyén
dong goc khac cua quadrotor (Roll, Yaw)
va cac hé thong diéu khién khac.
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