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TONG HOP BO DIEU KHIEN TU THE CHO HEXACOPTER
TREN €O SG NG DUNG KV THUAT DIEU KHIEN HIEN DAI

ATTITUDE CONTROLLER SYNTHESIS FOR HEXACOPTERS BASED ON ADVANCED CONTROL TECHNIQUES
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TOM TAT

Bai bao dé xudt phuong phéap t6ng hap bo diéu khién tuthé cho UAV dang
Hexacopter. Bang cach xay dung mé hinh todn hoc cho Hexacopter, tir d6 tong
hop ludt diéu khién trugt dau cudi nhanh véi hé s thay ddi thich nghi theo sai
58 cho md hinh nay. Théng qua mé phong da danh gia cac uu diém vuot trdi
khi st dung bd diéu khién trugt dau cudi nhanh so véi khi st dung bé diéu
khién PID, diéu khién trugt truyén thong. Két qua nghién ciiu dam bao t6i uu
héa kha nang van hanh va m@ rong ting dung ctia Hexacopter trong thuc té.

Tirkhoa: UAV, Hexacopter, SMC, TSMC, FTSMC.

ABSTRACT

This paper proposes a method for synthesizing an attitude controller for a
Hexacopter UAV. By establishing the mathematical model of the Hexacopter, a
fast terminal sliding mode control (FTSMC) law with adaptive coefficients
based on error changes is developed for this model. Through simulations, the
superior advantages of the fast terminal sliding mode controller are evaluated
in comparison with PID and traditional sliding mode controllers. The research
results ensure the optimization of operational performance and expansion of
practical applications for Hexacopters.

Keywords: UAV, Hexacopter, SMC, TSMC, FTSMC.
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1. TONG QUAN

Thiét bi bay khong nguai lai (Unmanned Aerial Vehicle
- UAV) dang Hexacopter gobm c6 sau dong co, thudng
dugc b6 tri trén mot khung co sdu canh tay, moi canh tay
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gan mot déng co va canh quat [1]. Cau hinh Hexacopter
dugc ua chudéng trong nhiéu (ing dung thuc tién nho kha
nang nang cao hon so vGi quadcopter nhg tinh 6n dinh
tuong déi cao va c6 thé bay an toan hon trong trudng hop
héng mot déng co [2].

Viéc diéu khién tu thé doi héi diéu khién mo-men
quay tdc ddng quanh cac truc, dugc tao ra bdi su phan bé
luc ddy clia cac dong co. Pong thai, UAV cling phai chiu
nhiéu tac dong nhiéu nhu gié, dong xoay khi (vortex),
thay d6i tai trong, cling nhu sai s6 mé hinh (momen quan
tinh thay d&i, nhiéu tir cam bién...) [3].

Vi vay, yéu cau khi thiét ké bo diéu khién tu thé cho
UAV phai dam bao tinh én dinh, bam chinh xac theo quy
dao tham chiéu, ch6ng nhiéu tét, kha nang phan héi
nhanh, gidm hién tugng chattering (dao déng xung
quanh diém can bang). Hé théng phai ddm bao UAV
khéng bi rai vao trang thai rung lac qua muic, mat kiém
soat hay bi lat, quay lién tuc [4]. Bam chuan xac theo quy
dao tham chiéu, géc ¢, 6, ¢ hodc toc dé gbc tuong tng
phai bam sat gia tri dat (thudng dén tir bo diéu khién bac
cao han, nhu bé diéu khién vi tri hoac dudng di) [5]. Bén
vling trudc nhiéu, kha nang chéng chiu sai léch mé hinh,
nhiéu bén ngoai (mua, gid,...) [6]. Phan hoi nhanh, thai
gian qua d6 ngén, sai s6 xac lap nhé [7]. Gidm rung
(chattering), trong mét s6 phuang phap diéu khién trugt
c6 dién, hién tugng chattering rat dang ké, gay rung chan
cd khi va mon doéng co [8].

Céc yéu cau nay thuc ddy viéc ap dung cac phuang
phap diéu khién bén vimng, trong dé diéu khién trugt
(Sliding Mode Control - SMC) dac biét dugc quan tdm nhg
kha nang “loai bod” cac thanh phan nhiéu, sai s6 mé hinh.
Tuy nhién, nhugc diém la dé rung van I6n [7, 9]. B&i vy,
cac bién thé nhu diéu khién trugt dau cudi (Terminal
Sliding Mode Control - TSMC) va diéu khién trugt nhanh
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dau cudi (Fast Terminal Sliding Mode Control - FTSMC)
dugc phat trién, két hop thém cac ca ché thich nghi dé toi
uu dap Ung hé thong. Vi vay, bai bao dé xuat mét phuang
phép téng hop bé diéu khién tu thé cho cho Hexacopter
trén cd s& ting dung FTSMC véi hé s8 thay déi thich nghi
theo sai s6 mé hinh.

2.TONG HOP BO PIEU KHIEN TU THE

2.1. Piéu khién trugt

Bién thé TSMC la mét dang ctiia SMC, dugc thiét ké
nham dat thoi gian héi tu hiu han (finite time
convergence). Théng thudng, SMC tuyén tinh cé dién cho
ta hoi tu tiém cén (asymptotic convergence), con TSMC st
dung bé mit truct c6 dang phi tuyén (chang han chura lay
thira a < 1), gilp trang thai tién vé diém can bang trong
mot thai gian hiru han.

Mot bé mat truot TSMC kinh dién cho hé bac hai (sai
s6 e va dao ham ¢é) co6 thé viét [10]:

s(t)=é(t1+k|e(t)a sign(e(t)) (M)

Trong do, p, g la nhitng s6 duang thdéa man p/g < 1.

Bién thé FTSMC Ia cai tién cia TSMC, cho héi tu nhanh
hon. Biéu nay thudng dugc thuc hién bang cach bé sung
thém thanh phan trong bé mit trugt hodc thiét ké luat
diéu khién dé “tang cudng” luc kéo (sliding force). Ta c6
thé phdi hgp nhiéu thanh phan lay thita khac nhau hoac
st dung cap bac vi phan cao.

Ngoai ra, FTSMC con chd trong dén viéc giam do rung
(chattering) bang cach t6i uu lua chon tham sé, tham chi
két hop cac ky thuat quan sat nhiéu (disturbance
observer) hodc thich nghi (adaptive law) d€ diéu chinh
cudng do switching.

Ly thuyét diéu khién trugt dau cudi TSMC va bién thé
FTSMC [1, 10]:

Xét hé bac hai (nhu diéu khién vi tri hodc gbc) vdi sai
sO:

' (2)
M6t dang bé mat trugt TSMC thudng gap:

s=é+ale|" sign(e), vai m=P trong d6 p, q nguyén
q

€=X,, X VA =X, -

duong, P Trong trudng hop x,,, =0 (diéu khién goc
q
vé 0), ta c6 thé viét:
p
s=é+ale|a sign(e) 3)

Y nghia cla viéc dung lay thira p/q la tao ra mét qua
trinh déng hoc dé e tién vé 0 nhanh hon so véi SMC tuyén
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tinh (khi é+ke=0), déng thoi bao dam tinh hiru han thoi
gian (finite time).

Phan tich hoi tu thai gian hitu han: Gia st ta dat muc
tieu $=—A|s|’ sign(s), trong dé A > 0 va B > 0. Khi d6, thoi
gian héi tu cda s vé 0 c6 thé dugc udc lugng bang tich
phan. Véi B < 1, ta c6 thai gian hoéi tu hitu han.

VGi TSMC, thong thudng B < 1 do ¢6 lay thia p/g < 1.
Cu thé néu §=-)\(|s|ﬁ+. . ) thi s(t) giam vé 0 trong thai gian
hdu han tuy vao 3, A

FTSMC ¢6 nhiéu phién ban, nhung y tudng chinh
thudng la thém hoic diéu chinh bé mat truot dé c6 hai
thanh phan: Mét thanh phan dang TSMC, giup dam bao
hoi tu hitu han. Mot thanh phan “nhanh” (fast term), tang
téc kéoe vé 0.

Chéng han, bé mat trugt FTSMC c6 thé viét:

s=ce+c,e+c, el signle) 4)

Trong d6, a € (0,1) va ¢, ¢, &3 > 0. Phdn “nhanh” c6 thé
la ¢, |e|" sign(e) hodc doi khi ngudi ta chén thém béac cao.

Uu diém ctia TSMC/FTSMC: H6i tu nhanh hoac rat
nhanh vé 0. Chéng nhiéu t6t. Thai gian qua dé ngan hon
so vGi SMC tuyén tinh. C6 thé diéu chinh théng s6 dé
giam chattering.

Nhugc diém va nhugc diém TSMC/FTSMC: Cau tric
phi tuyén phtc tap han, viéc phan tich va chon tham s6
khong dé. Van cé nguy co chattering néu khéng xt ly
hodc néu tham s6“manh” qua. Can chu y dén bao hoa tin
hiéu (saturation) trén thuc té.

2.2, M6 hinh ddng luc hoc quay cia Hexacopter

Khi diéu khién tu thé Hexacopter, ta thudng gia thiét
[7,9I

Khéng xét chuyén dong tinh tién hodc da c6 bo diéu
khién khac xtr ly chuyén déng tinh tién, pham vi bai béo
tap trung vao vong quay (roll, pitch, yaw).

Mé-men quaén tinh dugc coi la hang s6 hoac it bién
d6i, ma tran mé-men quan tinh chéo (khéng ¢ phan ti
ngoai dudng chéo), tuc la | = diag(lyly,l,).

Mé-men khi dong hoc (aerodynamic torque) phuc tap
c6 thé dugc goi gon vao mét nhiéu hodc thanh phan bat
dinh (phan “unmodeled dynamics”).

Truc quay dugc quy udc: Truc x hudng mai UAV, trucy
huéng bén canh, truc z thdng ding xudng (theo hé
body).

Phuaong trinh dong luc hoc [9]: Néu goi w = (wy, Wy, ;)
la vector téc d6 goc quanh ba truc, va T = (1, 1y,T,) la vector
mé-men diéu khién, ta cé:
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lw+wx(lw)=1 (5)

trong d6 “x” |a tich vector chéo. & dang tudng minh,
Vi Wy, Wy, W, va ly, ly, I, ta dugc hé phuong trinh:

lw, =1, -1)ww, +1,
lw, =(,-1)ww,+T, (6)

Lw,=(-1)ww, +T,

M@&i quan hé gilta téc d6 géc va dao ham goc Euler: Khi
ta lam viéc véi goc Euler (¢, 6, ), ta cé hé thic:

$) (1 sin(g)tan(®) cos(fg)tan(8)\( w,
01=|0 cos(¢) -sin(¢) w, (7)
W) \0 sin(g)sec®) cos(¢)secd) |\ w

Dai vai Hexacopter, luc day tir 6 dong co dugc phan
b6 vi tri tuy loai cau hinh nhu kiéu cht Y, ki€u “+”, ki€u “*”
6 canh tay... Khi mudn diéu khién o, 6, Y, ta sé phan bé luc
ddy va mo-men quay cho thich hgp. Trong pham vi bai
bao, dé tap trung vao thiét ké bo diéu khién tu thé, ta gia
s rang quéa trinh “phan bé” (allocation) mdé-men sang cac
déng co la da dugc thiét ké bi ma tran phan bé. Khi do,
ta chi can thiét ké t,, 1y, T, - md-men téng, réi phan bé lén
sdu dong co.

2.3. Thiét ké bd diéu khién trugt dau cudi nhanh

C4u trac vong diéu khién: DE diéu khién tu thé, ta thiét
ké 3 vong con (roll, pitch, yaw) gan nhu doc lap. Méi vong
lay mot géc Euler (hoac téc d6 goc) lam dau vao phan hoi
va dau ra la mé-men diéu khién quanh truc tuong ting. Ta
c6: Kénh roll ¢ - 1 Kénh pitch 0 - T1y; Kénh yaw ¢ - T..

Mbi kénh dugc thiét ké mét bo diéu khién FTSMC. Vi 3
kénh c6 thé c6 do ghép chéo (coupling) qua wy, wy, w, &
muc co ban, ta bo qua hodc coi la nhiéu. Thiét ké 3 kénh
tuong tu nhau, vi vay gia thiét thiét k& kénh roll.

z

Sai s6 va bé mat trugt:

Sai s6 goc:

&)=t ®
Sai s6 dao ham goc:

€=t = (©)

Ta xdy dung bé mat trugt (sliding surface) dang
FTSMC.

P
s, =€, +ale, | sign(e¢) (10)
Trong do6 a>0,£e(0,1).

q

C6 thé bd sung thém thanh phan ¢ tuyén tinh:
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B : y o
s, =Ce, +C,6, +¢,|e, | sign(e,) (11)

Vé6i ue(0,1); ¢, ,c,,c;>0

Cang nhiéu tham s6 thi cang linh hoat, nhung cling
phtc tap hon.

Luat diéu khién 0: V&i bé mat truot sy, muc tiéu la
$,<0 manh (dé s, >0 nhanh). V& mat diéu khién,
thudng chia lam hai phan:

Phan tuong duong 7;%: BU cac thanh phan m6 hinh
(quan tinh, tuong tac).

lw,=0,~1)w,w, +T, (12)

Tamuén ¢, +ale,|" sign(e,) =0 (& ché do trugt). Khi

dnhd, w, ~¢.

. dy. .
s¢:d_t(e¢+a|e¢ | S|gn(e¢)) (13)

Trong ché dd trugt ly tudng (s = 0), ta c6 thé giai tx
tuong duong (1) sao cho $, =0 .Diéu nay gém viéc bu:

199 =/ (cho duy tri S, =0)—(Iy -1,)w,w, (14)

Céng thuc cu thé phu thudc vao viéc ta biéu dién

é,,€,.Co thé c6 cac nhiéu hoéc bat dinh, do dé 73" chila

”ch'fc lugng” hoac “danh dinh”.

Phéan switching 7;": Dung ham d&u hay bién thé dé
kéo trang thai vé bé mat trugt. BE dam bao $, luén am,
ta thém phan switching 7.".

(15)

Véi k > 0. Day la dang SMC c6 dién. VGi TSMC/FTSMC,
c6 thé thém Iy thual s, |". Muc tiéu la lam cho V <0 v6i

To
V:ES¢.

;" =—ksign(s,)

Khi V=55, <0 dam bao hoi tu.

Dé giadm chattering, thay vi dung sign(ss), si dung
ham:
sign(s,) khi |s,[>6
(16)

sat(?) = 5_¢

6
Vi 6 1a16p bién (boundary layer). Hodc dung tanh(sg).
Diéu nay gilp phan switching khéng thay déi dét ngét
khi s¢ nho.
2.4. B6 sung co ché thich nghi cho FTSMC
Trong diéu khién truot, tham s6 k (d6 16n switching)
phai du I6n dé“thang” nhiéu/bat dinh, nhung néu qua lén

khi |s,|<6
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sé gay chattering manh. Hon nita, khi sai s6 e da nho, viéc
gilt k qua 16n 1a khéng can thiét. Vi thé, ca ché thich nghi
cho phép tu dong diéu chinh kkk (hodc cac tham s6 khac
nhu a, ¢, ¢;) dé dat dugc chéng nhiéu tét khi sai s6 16n va
giam chattering khi sai s6 nho.

Thiét ké luat thich nghi: Ta thuong chon mét ham
Lyapunov ma rong goém ca 0,5s? va cac thanh phan lién

quan dén tham sé thich nghi. Khai bao tham sé thich k
dé thay cho hing s6 k. Goi k=k"—k (trong do k' 1a
gia tri toi uu, kho biét trudc). Ta xdy dung luat cho k dé
V <0.Mdt dang luat thich nghi don gian nhu I%zy|5¢ |,

vé&iy > 0. Tuc la khi |sg| tang thi k tang, con khi sl nho,
k tang cham hodc c6 ca ché suy giam. Ta c6 thé thém co
ché bao hda cho k dé tranh tang vo han.

Hoac mét luat phuc tap hon:

; s, | v,k khi k>0
h Y1|¢| Y, ) 17)
0 khi k<0

Nh&m dam bao k luén duaong va sé giam dan vé muic
hap ly néu sai s6 nhé kéo dai.

Trién khai trén 3 kénh: Vi Hexacopter c6 3 kénh (roll,
pitch, yaw), ta c6 thé thiét ké 3 bién IQ¢,IQS,IQ doc lap, moi
bién dung cho phan switching cta kénh tuong tng. Mbi
bién tuan theo luat thich nghi riéng dua [ssl,Isel,|syl.
2.5.Phan tich d6 6n dinh bing ham Lyapunov va danh
gia hoi tu thai gian hitu han

Ham Lyapunov cg ban cho TSMC/FTSMC: Ta chon

1 . . . _
V:ESZ. Dé chiing minh 6n dinh, chi can phan tich V=ss.

Néu bao dam s$<-n|s° véi n>0,6>0 thi
=V <-n|s[’*. Sau d6, ta suy ra thdi gian dé s vé 0 13 hitu
han.

Ham Lyapunov m& rdng cho thich nghi: Khi c6 tham
s thich nghi k, Iua chon:

v="le oy r (18)
27 2

VéiT > 0, 1ay dao ham (18):

V = si+Tkk (19)

Thigtké k = ... d8khdng ché V <0.D6 Ia cach tiép can
kinh dién.
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Danh gia thai gian héi tu: Khi § c6 dang phi tuyén nhu
TSMC/FTSMC, thai gian hoéi tu c6 thé uéc lugng bang tich
phan:

T<| S (20)

Isl—p | s|° sign(s)

Néu 6 < 1, ta c6 thé gidi tich phan va két luan T hiu
han. Trong ting dung thuc té, thoi gian hiu han la mét
khai niém ly thuyét. Thuc t&, do bao hoa, tré,... hé c6 thé
hoi tu rat nhanh nhung khéng tuyét déi “dung 0” trong
thoi gian hGu han. Tuy nhién, so véi SMC tuyén tinh,
TSMC/FTSMC cho toc d6 dap tng cao hon.

3. MO PHONG VA DANH GIA KET QUA

Trong thuc té, Hexacopter c6 6 dong co, mé-men tao
ra phu thudc cach bé tri canh quat (dai - ngan, xoay chiéu
thuan - nghich,...). Ban than viéc diéu khién tu thé (¢, 6, V)
hay “diéu khién vi tri” (x, y, z) thudng tach thanh nhiéu
vong lap. Bai bao chi tap trung vong lap attitude (go6c
quay) va gia dinh da biét dugc mé-men (t4,To, Ty) can thiét
tu 6 toc dé rotor.

Mé hinh déng luc hoc Hexacopter [2, 4] c6 thé biéu
dién dudi dang khéng gian trang thai X =f(X,U)
x7=[¢¢'eéxp¢xxyyzz'](21)
X, =0,X,X, +0,%2 +a,Q X, +bu,
X, =0,X,X, +0.X; +a,Q, X, +b,u,

o 2
Xg =0,X,X, +dzX; +b,u,

. 1
Xg =0y Xg +—U, U, (22)
m
. 1
Xi9 =0p X1 +—U U,
m
. 1
Xio = Oy Xyq +—U U,
m
(,,—J,) -K —J
a]: b4 B 02: f¢, 03: S, b1:_
JXX JXX JXX JXX
J —J -K —J 1
a4:(zz xx)’ 05: fSl a6: s, b2:_
Véi Jyy Jyy Jyy Jyy
a, = U _Jyy) _Kﬁp b, = !
’ JZZ ' ’ JZZ ' ? JZZ
K _Kfy _Kz
a, = r o= r 0y = -
m

Thiét ké luat truot dau cudi nhanh:

Khac vai trugt truyén thong, Terminal Sliding tao ra su
héi tu hitu han thai gian (finite time) bang cach dua ham
phi tuyén vao bé mat trugt.
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Sai 56: e¢ :¢_¢ef’ é¢ :p_pref dO (pref :¢ref)
Bé mt trugt dau cudi nhanh: ss, =¢, +a|e¢|“ sign(e, ),

vGi0<pu<1,a>0.Ham |e¢|“ sign(e,) bado dam vé 0 nhanh
hon (thudng la“terminal” - héi tu hiru han thai gian).
Hodc dung bién thé fast (FTSM) cé6 dang:

5, =€, +c1|e¢|91 sign(e,) +c,e,, Vi 6; € (0,1). Muc tiéu la

(4 27¢7

tang toc do hoi tu khi sai s6 16n, nhung tranh rung qua
muc quanh 0.

Luat diéu khién:

Véikenhroll, ta cé: T, =1, ., —k, sign(s,)

T, oq dONg vai tro “danh nghia” (equivalent control), lay
tU mé hinh p~0 dé triét tiéu cac thanh phan.

—k, sign(s,) la phan SMC “chuyén mach” (dam béo

s'¢s¢<0).

Tuang tu cho Te,Ty. Ngoai ra, Chattering c6 thé giam
bang “ham bao hoa” sat thay vi sign, hodc dung “super-
twisting terminal sliding” nang cao.

Thay déi thich nghi cac hé s6 theo sai s6:

DE linh hoat khi mé hinh Hexacopter thay déi (tai
trong, nhiéu,...), ta cho cac tham sé a, kg, ke, ky,. .. thay ddi
theo thoi gian dua trén d6 I6n sai sé.

Xay dung luat thich nghi:

k,=v,le,| hay k,(0)=K, i + Ky —Ksmn) (€, 1)

Trong d6, of-) la ham kich hoat (sigmoid.,...).

Tuy mé hinh, c6 thé thém mét luat Lyapunov chinh quy
dé bao dam V <0 . Muc dich: “khi sai s6 I6n — déy gain l6n,
“khi sai s6 nhd — ha gain dé giam rung’.

s,=p+a,|e,|" sign(e,)
Mat trugt: s, =q+a,-|e, | -sign(e,) v6i (0 <p<1).
s, =r+a,-|e,|" sign(e,)

Luat SMC:

s s s
T, =k, ~sat(—¢} T, =—k, ~sat£—9]; T, =k, -sat[—‘”j
65 65 65

Trong d9, sat Ia ham saturation thay cho sign dé giam
dao dong.
sign(x) khi | x|>e,
sat(x,e) =19 x

— khi | x|<e

65
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a,=a, +Aa,-sigm(e, |
Capnhat: * ,g e, |
k, =k, , + Ak, -sigm(le, |)

Khi sai s0 16n, a va k tang, gitp tang cudng phan héi
diéu khién.

Khi sai s6 nho, tham sé giam dan, tranh dao dong I6n.

Trong bai bao nay chi tap trung nghién ctu diéu khién
phan vong trong (chi 3 kénh), chua bao gém chuyén mé-
men sang t6c dé rotor. Ta gia lap 3 kénh “roll, pitch, yaw”
dugc diéu khién bai 3 mo men 1,77,

Mot uu diém ctia SMC/FTSM la bén vitng véi sai s6 mo
hinh, nhiéu [6, 91. Khi ¢6 nhiéu Ad trong phuong trinh ¢,
mién Ad con trong dai chdp nhan thi diéu khién trugt van
c6 thé kéo hé vé bé mat s¢=0.

Thém nhiéu moé-men (d,,d,,d,) dang sin vao cac
phuong trinh quay ¢,6,{ .

u@)=t1,+d,, uB)=T,+d,, u(d)=t,+d,

Thém nhiéu luc dz dang sin vao phuong trinh tinh tién
truc z.

z =—g+l(u(1)c05¢c059)+d—z
m m

Dé nang cao hiéu qua diéu khién, sir dung mot mang
no-ron dé xap xi (estimate) nhiéu trong thai gian thuc,
thay vi gia dinh nhiéu dang sin hoac ham c¢é dinh. Mang
no-ron sé cap nhat tham sé dua trén di liéu do duoc
(trang thai, sai s6,...) dé thich nghi v&i cac tac dong phtc
tap (gi6, thay déi tai trong...) [5, 9].

Ta mudn xap xi & théng qua mot ham phi tuyén &(s)
do mang no-ron dam nhiém, trong d6 s la bo vector dau
vao (gém:¢,0,y,4.0,4.e,,e5.€,....).

C4u triic mang na-ron truyén thang mot I6p an:

<§=W20(V|/1$+b1)+b2

W;, by: Trong s6, bias clia 16p an.

W, b,: trong s6, bias I6p output.

o: ham kich hoat (tanh, RelLU, ...).

Tiéu chi dé mang no-ron cap nhat: e, =6 ~6 véi

meas

6_.. lagia tri nhiéu do hodc uéc lugng tir cdm bién hodc

meas

st dung SMC“tu thich nghi”.

Gia st ta biét 6 va |ay sai s6 e; dé cap nhat W, W, theo
giam dan dé doc don gian.

Ky hiéu Tham sé Gia tri

Jux MOI about body frame’s x-axis 3,8278e-3kg.m?
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Jy MOI about body frame’s y-axis

3,8278e-3kg.m?

Jz MOI about body frame’s z-axis 3,8278e-3kg.m?
/ Moment arm 0,23m

Jr Rotor inertia 2,8385e-5kg.m?

m Hexacopter mass 486e-3kg

K Aerodynamic Drag Force

5,567e-4N.s2

Ky Torque Aerodynamic Resistance

5,567e-4N.s?

d Drag factor

25e-2Q0

b Thrust factor

1,2m

Dé diéu khién tu thé clia Hexacopter, nghién ctu da
dat cac géc ban dau khac 0 (rad) cho ca 3 goc. Qua thu
nghiém luat diéu khién FTSMC vai hé s6 thay déi thich
nghi dé€ dua gdc sai léch nay vé xap xi 0 rad trong 2,5s.
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< s
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Hinh 1. Dap ting hé théng st dung luat diéu khién FTSMC vdi hé s6 thay

doi thich nghi trong truang hop khdng cd nhiéu
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Hinh 2. Dap ting hé théng st dung luat diéu khién FTSMC vdi hé s6 thay

doi thich nghi trong truang hap c6 nhiéu
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Luat diéu khién FTSMC vdéi hé s6 thay déi thich nghi
hoat dong hiéu qua ngay ca khi hé théng c6 nhiéu, cac
tiéu chi danh gia vé diéu khién coi nhu khéng déi khi cé
nhiéu.
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Hinh 3. Dap (ing hé théng st dung luét diéu khién PID
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Hinh 4. Dap (ing hé thdng st dung luat diéu khién SMC truyén théng

TU hinh 1 =+ 4 thdy rang dap Ung hé théng khi st dung
luat diéu khién FTSMC t6t hon nhiéu khi strdung PID, SMC
truyén théng. Két thuc qua trinh diéu khién, nhung sai
léch gbc van chua tién vé 0 khi st dung PID, SMC truyén
thong.

Luat diéu khién FTSMC giup hé Hexacopter hdi tu
nhanh vé géc mong mudn, déng thai tranh rung lac I6n
quanh 0 so vGi SMC truyén thong (hinh 5).

Hé s6 thich nghi (a,,k,,...) diéu chinh dya trén sai s6,

giup UAV phan (ing nhanh khi sai s6 I6n va mém khi sai
s6 nhé (giam chattering).
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Hinh 5. Dap ting hé théng st dung luat diéu khién FTSMC vdi hé s6 thay
doi thich nghi va bi nhiéu st dung mang No ron
4, KET LUAN

Piéu khién UAV Hexacopter la moét thach thic I6n
trong linh vuc diéu khién tu dong, vi nd yéu ciu su 6n
dinh cao va kha nang thich tng linh hoat véi cac diéu kién
thay d6i. Cac phuang phap diéu khién UAV c6 thé dugc
chia thanh cac phuong phap c6 dién, hién dai va tién tién.
Lua chon phuong phap diéu khién phu hop cho UAV
Hexacopter phu thudc vao yéu cau cu thé ctia nhiém vu
va moi trudng hoat déng. Cac phuang phap nhu PID va
én dinh Lyapunov c6 thé phu hgp véi cac hé théng don
gian hodc trong moéi trudng 6n dinh. Trong khi d6, cac
phuong phap Model-Based Control, MPC va DDP rat hiéu
qua trong cac tinh huéng phc tap va doi hoi téi uu hda
hiéu suat. Machine Learning va Visual Feedback Control
mang lai tinh linh hoat va kha nang tu diéu chinh manh
mé, dac biét trong cac mai trudng thay déi lién tuc hoac
khong c6 tin hiéu GPS.

Méi phuang phap diéu khién déu cé cac uu va nhugc
diém riéng, va dé dat dugc hiéu suat t8i uu, c6 thé can két
hop cac phuong phap diéu khién khac nhau trong cac
tinh huéng cu thé. Su lua chon ctia phuang phap diéu
khién sé quyét dinh kha nang duy tri su én dinh, chinh xac
va hiéu qua cta UAV trong qua trinh thuc hién nhiém vu.

Bai bao da tap trung nghién ctru cac budc thiét ké xay
dung luat diéu khién truot dau cudi nhanh véi hé s6 thay
déi thich nghi theo sai s8. Budc dau xay dung da danh gia
chinh xac cac uu diém khi s dung FTSM so véi khi sur
dung PID, SMC daon gian. Két qua nghién ctiu sé gilp toi
uu hoa kha nang van hanh va mé rong Ung dung cla
Hexacopter trong thuc té.
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