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TOM TAT
Bai bao nay trinh bay két qua tong hop ludt diéu khién bam vi tri va on dinh cho thiét bi bay
khong nguoi 1ai (UAV) dang quadrotor, si dung thudt todn diéu ’khien thich nghi gradient toc do
thich #@ng véi sw thay doi bar dinh cua cac tham so. Ket qua mé phang bang
MATLAB/SIMULINK véi mé hinh quadrotor gia dinh ching minh khi si dung bg diéu khién

thich nghi sé gidp quadrotor hoat dgng mét cach on dinh bam theo quy dao bay trong truong
hop bdt dinh cac tham sé cia quadrotor.

Tir khoa: Thiét bi bay; Quadrotor; Gradient tdc d0; Diéu khién thich nghi; Tham sb bat dinh.
1. MO DAU

Thiét bi bay khong ngudi 1ai (UAV) 1a loai may bay c6 thé dugc diéu khién tir xa thong qua
hé thong didu khién dudi mat dat hodc hoan toan ty dong bang hé théng may tinh gin trén may
bay. Trong s6 cic UAV, quadrotor 14 loai may bay co kha ning cat ha canh thang dimg ma
khong can dudng bing. Mic du hé thdng didu khién phirc tap nhung ching c6 ciu triic don gian
d& ché tao va diéu khién, dic biét co chi phi thip. Ngay nay, n6 duoc sir dung rat rong rii trong
quén su va mé rong ra cac linh vuc dan sy. Trong dan sy UAV c6 cic Ung dung nhu gidi tri
(quay phim, chup anh) va giam sat, chira chdy,... Trong quén sy, UAV dugc st dung dé xac dinh
luc luong déi phuong, bao vé cang va bo bién, tim kiém, ctru hg, ctru nan trén mat dat, mat bién,
giam sat, phat hién bom min, thdng tin tinh bao, xac dinh hé thong radar, hay tham chi dugc str
dung nhu 14 vii khi tin cong [1-3],...

Trong céac nghién ctu [4, 5] cac tic gia dd mo hinh héa quadrotor dua trén cac dinh luat
Newton. Diém chung thuat toan diéu khién ciia cac nghién ctru trén 1a sir dung 2 vong diéu khién
PID dé diéu khién bam vj tri va 6n dinh tu thé cho quadrotor.

Trong nghién ctu cua Abhijit Das va dong nghiép [6], cac tac gia da tién hanh nghién ctru
diéu khién on dinh quadrotor bang thuat toan dleu khién backstepping. Trong md hinh nay, dong
hoc ctia quadrotor da dugc don gian hoa theo mau ciia tryc thing.

Trong nghién ctru [7], Pedro O. di xay dung mé hinh tuyén tinh hoa ciia quadrotor. Tac gia
st dung thudt toan LQR, bd loc Kalman va dir liéu cam bién dé uéc luong khoi lugng va quan
tinh cua tai ngoai nham diéu khién quadrotor trong diéu kién tai ngoai thay doi.

Trong cac nghién ctru trén, viéc st dung bd diéu khién PID 1a phé bién nhét, boi tinh chét don
gian va dé& thyuc hién. Tuy nhién, do cdu tric diéu khién qua don gian nén chét lugng didu khién
khong cao va c6 thé gy mat 6n dinh khi cdc tham sb hé thong thay d6i. Con cac thuat toan
backstepping hay LQR, st dung can phai don gian hoa mé hinh. Ngoai ra, tinh bén viing ciia cac
thuat toan nay khong cao trong diéu kién bat dinh tham sb.

Trong cong trinh ctia Trong-Toan Tran cung cac dong nghiép [8], cac tac gia da xay dung mo
hinh toan hoc quadrotor dudi dang phuong trinh Euler-Lagrange va bién d6i mé hinh toan hoc
thanh dang tham s6 hoa tuyén tinh (affine). Nhom tic gia di s dung thuat toan thich nghi két
hop toan tir chiéu dé diéu khién 6n dinh quadrotor trong diéu kién rang budc tin hiéu dau vao va
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cac tham so bat dinh ciia mo6 hinh.

Qi Han va cac dong nghigp trong nghién ctru [9] str dung thudt toan thich nghi I&I va phuong
phép ham Lyapunov aé giai quyét vin dé diéu khién quadrotor trong diéu kién tham s6 khong
chic chin va 15i thiét bi truyén dong.

Cac phuong phap thich nghi trén, mac du cung cép chat lugng diéu khién tot nhung viéc téng
hop phure tap va can phai dwa m6 hinh toan hoc quadrotor dang phuong trinh Euler-Lagrange vé
dang affine cach ly tham s6 chua biét, diéu ma ciing gdy phirc tap trong viéc trién khai khao sét
v6i d6i twong phi tuyén phic tap bac cao.

Trong bai bao ndy, cac tac gia dua ra ap dung thuat toan thich nghi gradient téc do dé danh
gi4 kha ning dap g va hiéu qua trong diéu khién bam vi tri va on dinh bay cho quadrotor trong
truong hop bat dinh cac tham sb. Thuét toan diéu khién thich nghi gradient tbc d6 co wu diém
don gian trong tong hop diéu khién, c6 tdc do thich nghi cao, khong nhat thiét yéu cau tham s
hoa mé hinh toan hoc, do d6, phti hop vdi cac bai toan diéu khién thich nghi trong diéu kién bat
dinh tham s6. Cac tham sb bat dinh chinh trong nghién ctru nay 1a khéi lugng va cac md men
quan tinh theo cac truc cua quadrotor, dugc thé hién khi tai ngoai cua quadrotor thay ddi trong
qua trinh hoat dong. Ngoai ra, cac hé s6 khi dong lyc can va cac hé s6 md men can cling 1a cac
tham s6 khong chic chin do gia tri chung thay doi theo méi trudng hoat dong ctia quadrotor va
khong thé do ludng duge mot cach chinh xac.

2. MO TA VA TONG HOQP BQ PIEU KHIEN CHO HE THONG
2.1. M ta h¢ théng
Dbi tuong xem xét 1a quadrotor dugc biéu dién trén hinh 1 [10].

Hinh 1. So do biéu dién cdc hé toa dé va luc cia quadrotor.

Trén hinh 1 ta c6 cac hé toa do: OXYZ, OgXgYsZs la cac h¢ toa do mit dét, hé toa do lién két.
M0 hinh toan hoc chuyén dong quadrotor cé dang sau [10]:

=(cosgsindcosy +singsiny )U, — K, X;
=(cosgsin@siny —singcosy )U, K,y (1)
mZ =(cos¢gcosd)U, —mg — K,z
Ld=0y(1,-1,)-3,60,, -K,§ +U,;
1,0=dy (1, -1,) = Iy, — K0 +Uy; )
L =g0(1, - 1,)-K,p? +U,;
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Viét lai phuong tinh (1) vé dang:
mi=F —K X mj=F —Ky; mi=F,-K,2| ©)

F, =(cosgsingcosy +singsiny )U,
Trong do: F, =(cosgsin@siny —singcosy U, 4)
F, =(cosgcosg)U, —mg
Céc tham sd trong cac phuong trinh (1), (2), (3), (4) duoc ky hiéu nhu sau:
m - Khdi luong cua quadrotor; U,,U,,U,,U, - Cac tin hiéu diéu khién, trong do:
U = b(le + O+ Q%+ Qi) 1a tong lyc diéu khién nang dugc tao ra boi bén dong co dién;
U, = Lb(Qf —Qg) 14 m6 men diéu khién quay quadrotor quanh truc OX; U, = Lb(Qg —Qi) la
md men diéu khién quay quadrotor quanh truc OY; U, =d (Qf -2+ —Qi) 14 md men diéu
khién quay quadrotor quanh truc OZ, véi Q,Q,,0,,Q, 1a toc do goc cua 4 canh quat ctia
quadrotor; L 1a khoang céach tir khéi tam cia quadrotor‘dé'n tdm cua canh quat,b>0vad>01a h¢
s0 luc day va hé so luc can cua canh quat; ¢,0,w lan lugt 1a goc cren, géc chic ngéc va goc
huéng; J, md men quan tinh cua dong co;1,,1,,1, cdc m6 men quan tinh theo cac tryc XYZ;
K, Ky, K, 1a cac hé s6 khi dong lyc céan theo cac truc XYZ; K¢, Ky, KW la cac hé s6 mé men can.
2.2. Téng hop luit diéu khién vi tri cho quadrotor
Ta ky hiéu cac bién trang thai ctia hé phuong trinh (1) nhu sau:
X, =X, K =Xy, Xy =Y, X =Xy, Xg = Z, % = X, (5)

Khi d6, (3) duoc viét lai nhu sau:

, .1 1 , .1 1
x1=x2;x2=EFX—HKXx2; X3:X4;X4:EFV_EKVX4

(6)
K. = X 'XeziF —lK X
XS 67 m z m 276

Ta can xéc dinh cac tin hiéu diéu khién F..F,,F, sao cho cac bién vi tri X,y,z bam theo cac

tin hiéu dat x,,y,,z,. Viét (6) vé dang phuong trinh vector
X, =AX,+Bu, @)

Trong do: X, =[X X, X X, X XG]T;UPZ[FX F, FZT;

0 1 0 0 0 0 0 0 0
0 -K,/m 0 0 0 1/m 0 0
0 0 0 1 0 0 0 0 0
A = B =
|0 0 0 -K,/m 0 0 P 0 1/m O
0 0 0 0 0 1 0 0 0
0 0 0 0 0 -K,/m] | 0 0 1/m]|

Phuong trinh ctia md hinh tham chiéu dugc cho dudi dang
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X (1) = Apuxy (1) + By, r(t) (8

Str dung phuong phap gradient téc d6 [11], luat diéu khién thich nghi voi cac ludt diéu chinh
tham sd diéu khién nhu sau:

U, (1) =K, 0, (1) + K, (1)r, (1) +ug, (1) ©)
Céc tham s6 diéu chinh thich nghi nhu sau:
u,, (t)=—ysign(B'Pe(t));K,, (t) = —»,B" Pe(t)X] (t)}
K, (t)=-7,B"Pe(t)r; (t)

Trong d6: e=x-X,, - Vecto sai sb, dac trung cho do léch cua trang thai ddi tuong so voi

(10)

trang thdi mo hinh tham chiéu; y, 71,7, >0 - Do loi cta thudt toan diéu chinh duong; P - Ma
tran xac dinh duong d6i xtig théa man phuong trinh Lyapunov c6 dang sau Al,P+PA,, =-Q.
Trong d6, Q - Ma tran xac dinh dwong d6i xtg.
| I3 T I3
Khi da xac dinh duoc luat dieu khiéu u, =[FX Fy FZ] ta co thé xac dinh duogc mot tin

hiéu diéu khién quadrotor U; va cac tin hiéu tham chiéu cho cac goc Euler ¢ va 0 dua vao
phuong trinh (9) va (4):

6’=arctan( 5 ];¢=arctan >
F,+mg Jm?g? + 2mgF, + F2 + (11)
_ mg+F,
' cosdcosg
cosyF +sinyF sinwF, —cosyF
Trong d6: s, = K oy 'S, = K ud o2

(cosz//)2 +(sin z//)2 (cos 1,//)2 +(siny)
2.3. Téng hop luit diéu khién cac géc trang thai cho quadrotor
Tt hé phuong trinh (2), dat cac bién trang thai nhu sau:
Xp =Xy =X, X =0, % = X0, Xy =Y, Xy =X
H¢ phuong trinh (2) dugc viet lai

X? :Xs;xs Z%[(Iy - IZ)X10X12 _Xlo‘]romd - K¢Xé2 +U2J

X

. . 1
Xg=X10;X10=I—[(|Z—IX)X8X12—X8JrOmd—K9X120+U3] (12)

y
X11=X12;X12 Z%[(Ix - Iy)XBX:LO _K.,/Xizz +U4]

z

Ta cin xéc dinh cac tin hiéu diéu khién U,, Us, U, sao cho cac goc Euler o, 0, v bam theo cac
goc tham chi€u @g, 0y, Wg.

Ta viét lai (12) du6i dang phuong trinh vector (13) nhu sau:

X, = A, +B, (U, +W'e(x, ) (13)
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Trong do: X, =[X; X5 Xg X0 Xy1 X, ]T ;W e R¥® - Ma trén hang s chua biét.

6%y ) =[ X6 %100 X X KB Koy XX X | 1 Uy =[U, Uy U]

01 0000 0 0 0
0 000O0OTO O 1/1, 0
0 00100 0 0 0
A = B =
‘10 00 0 0 0Of ¢ o 1/1, ©
0 00 O0O01 0 0 0
|00 000 0] | 0 0 1/1,]

Phuong trinh ctia mé hinh tham chiéu dugc cho duéi dang
Xyq (8) = AgXg (1) + B (1) (14)

St dung phuong phéap gradient téc do [11], luat didu khién thich nghi va cac luat diéu chinh
tham so diéu khién nhu sau:

U, (t) =Ko (0%, (1) + K, ()1, (1) - W e(x,) +ug(t) (15)
Thuét toan diéu chinh thich nghi nhu sau:
Ugg (1) = —7;51gn (B Py, (1)) Ko (8) ==7,B3 Py, (1) (1)

K., (1) =—7BIP.e, (1) (t); W(t) =—,BIP.e, (t)o" (t)

qa-49-q qa q-q

(16)

Trong do: e, =X, —Xy, - Vecto sai s6, dac trung cho d6 1éch cua trang thai dbi tuong so voi
trang thai mo hinh tham chiéu; VarVarVer Ve >0 - DO loi cua thuat toan diéu chinh duong; P, -
Ma trdn x&c dinh duwong d6i xtng théa man phuong trinh Lyapunov cé dang sau
A;M P, +P,Ay =—Q, - Trong d6 Q, - Ma trén xéc dinh duong dbi ximg.

Tinh 6n dinh cua cac luat diéu khién (9), (10) va (15), (16) duoc chimg minh toan hoc va
trinh bay trong nghién clru ctia Boris Andrievsky [12].

3. MO PHONG HE THONG PIEU KHIEN THiCH NGHI QUADROTOR

Cho quadrotor ¢6 cac tham s6 nhu sau [10]: m = 0.5 kg, g = 9.81 m/s?, J, = J, = 0.005 kg.m?,
J,=0.01 kg.m% L =0.5m, b =2.984:10° Ns¥rad?, d = 3.30-10" Ns¥rad?, J, = 2.8385-10° kg.m?,
Ky =Ky =K, =K, =Kg=K, =0.01.

|:;d:| -E{- 2 ¢d-
d FE 3
zal | Boaita | |g| |5 [16a | Bodidu ve
—* khién vi > _E‘ | khién tw Ui Dong luc
tri < o the » hoc bay
'y theo tir ,
(7 thé »| Dong -
Py 9 Iue hoc >
Y bay theo

Péng lyc hoc bay cua
quadrotor

Tl 5

Hinh 2. So do tong qudt diéu khién bay cho quadrotor.
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Céc két qua md phong vi tri, cac goc Euler cua quadrotor va bam theo quy dao dit dwoc trinh
bay trén hinh 3-7 véi cac truong hop thay ddi tham sé hé théng nhu sau (a;, az, as).
m Iy ly I, K Ky K, Ko Ko Ky
a | 05 | 0.005 | 0.005 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
a; | 0.4 |0.0025 | 0.0025 | 0.005 | 0.005 | 0.005 | 0.005 | 0.005 | 0.005 | 0.005
as | 15 | 0.015 | 0.015 | 0.03 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05

1 1 1 e
a e a4
’
0.8 0.8 ——— a,| 0.8 f —— a,
i
- -83 4 - aS
0.6 0.6 06+ I
E E £
£3 £ N
0.4 0.4 0.4
02 0.2 02
0 0 0
o 1 2 3 4 5 o 1 2 3 4 5 0 5 10
te tc tc
Hinh 3. Ddp iing cia quadrotor theo cdc truc x, y, z.
0.6 1
a1 81
—— a, 0.8 ——— a,
- .33 - .33
- - 5 06
g o £
- = 04
0.2
-0.8 0
o 1 2 3 4 5

7 -, |——Quadotar Trajectory
= = = Desired Trajectory

60 ~ |[—— Quadrotor Trajectory
= = = Desired Trajectory

Hinh 5. Quj dao bay ciia quadrotor trong cdc truong hop tham sé a; a; as.
Bai bao mo6 phong dap g cia quadrotor theo vi tri va cac goc trang thai cling nhu mo phong
bam quy dao bay cta quadrotor trong truong hop tham so bat dinh. Tu do, danh gia dugc do on
dinh cia hé thong diéu khién thich nghi bam vi tri va trang thai cia quadrotor.
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Nhén xét:

- Trpng truong hop bg‘it dinl} thgm sb, hé théng diéu k}lién thich nghi on dinh toan cuc véi chi
tiéu chat lugng dat yéu cau thiét k&, phu hop véi cong suat dong co cia quadrotor.

- Truong hop tin hidu dau vao khong d6i. Khi tham s 7cﬁa hé thdng thay d6i, dap tng cua
quadrotor theo X,y va theo goc hudng hau nhu khong thay d6i va bam sat nhanh theo tin hi¢u dat.
bap tmg cua quadrotor theo goc cren va goc chuc ngoc thay d6i trong pham vi cho phép va thoi
gian qua do cia cac dic tinh trén trén 13 gan nhu khong doi, dat trang thai cin bang mot cach
nhanh chéng. Con trong dap tmg cua quadrotor theo truc z, thoi gian qua d¢ tang khong dang ké
khi tang khoi lugng quadrotor, khong co hién tuong vot 16 va mat on dinh xay ra trong qua trinh
diéu khién bay.

- Trlmng~ hop tin hi¢u dau vao dang tham sb quyl ’dao. Khi tham sb cua hé théng thay doi,
quadrotor van bam sat quy dao dat theo ding thiét k& cua hé thong thich nghi, khong c6 hién
tuong vot 10 va mat on dinh xay ra trong qua trinh di€u khién bay bam quy dao.

- Két qua md phong chi ra sy hidu qua ciia bo didu khién thich nghi da thiét ké.

4. KET LUAN

Trén co sé phuong phap diéu khién thich nghi voi thuat toan gradient téc d6 véi wu diém noi
bat 1a thiét ké khong phirc tap, tc do thich nghi cao, cac tac gia di dé xuat tong hop bo didu
khién thich nghi bam vi tri va on dinh bay cho quadrotor trong diéu kién cac tham s6 bat dinh.
Céc két qua mo phong bam vi tri va quy dao ciia quadrotor da chirg minh tinh hiéu qua cua bo
diéu khién thich nghi thong qua cac tiéu chi danh gia: tinh bén viing v6i su thay dbi cua moi
truong va tai ngoai, dam bam tét dac tinh dong va déc tinh tinh, ddm bao tinh chinh xac bam va
on dinh bay. Co thé két luan rang, khi lap dat thém cac thlet bi phu trg 1én quadrotor, h¢ thong
diéu khién thich nghi bay cho quadrotor van hoat dong tt, thoa min cac yéu cau sir dung
quadrotor trong thuc tién phuc vu cho cic cong tac nghién ciru va thuc hién nhiém vy. Trong
cong trinh téi, cac tac gia s& tap trung giai quyét vin dé didu khién quadrotor trong diéu kién kho
khin khi c6 anh huéng ctia nhiéu ngoai.
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ABSTRAST
Adaptive control of a quadrotor with uncertain parameters

This paper presents the results of synthesizing a control law for position tracking and
stabilization of an unmanned aerial vehicle (UAV) in the form of a quadrotor, using a
speed-gradient method in an adaptive control algorithm that adapts to uncertain changes
in parameters. Simulation results in MATLAB/SIMULINK with an assumed quadrotor
model demonstrate that using the adaptive controller helps the quadrotor operate stably
and track the desired trajectory in cases of uncertain quadrotor parameters.

Keywords: Aerial Vehicle; Quadrotor; Speed-gradient; Adaptive control; Uncertain parameters.
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