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TONG HOP BO DIEU KHIEN THICH NGHI CHO KENH DUNG
CUA MAY BAY KHONG NGUGI LAI CG NHO

ADAPTIVE CONTROLLER COMPOSITION FOR VERTICAL CHANNEL OF SMALL DRONES

DOI: http://doi.org/10.57001/huih5804.2025.007

TOMTAT

Bai bdo trinh bay vé két qué xay dung b diéu khién thich nghi st dung
phuang phap tdc do gradient cho kénh diing cla UAV-70V. Két qua khao sét
trén may tinh bang cong cu Matlab-Simulink cho thdy hiéu qua cia b diéu
khién thich nghi dam bao dugc dd chinh xdc, on dinh trang thai cia UAV-70V.
Trong diéu kién cd nhiéu ddng gid, sai s6 diéu chinh nho, thoi gian xac lap
nhanh, géc tan that tdc va qua tai diing ndm trong gidi han cho phép do dd ¢o
thé m& rdng pham vi hoat dong ctia UAV.

Tirkhéa: Diéu khién, mdy bay khdng ngudi Idi, thich nghi, t6c d6 gradient.

ABSTRACT

The paper presents the results of building an adaptive controller using the
gradient velocity method for the vertical channel of UAV-70V. The results of
the computer survey using Matlab-Simulink tools show that the effectiveness
of the adaptive controller ensures the accuracy and stability of the UAV-70V.
In conditions of wind disturbance, the adjustment error is small, the settling
time is fast, the angle of attack is stalled and the vertical overload is within the
allowable limits, thus expanding the operating range of the UAV.

Keywords: Control, Unmanned Aerial Vehicle, adaptive, gradient speed.

"Hoc vién Phong khong - Khong quan

TTruong Dai hoc Dong Nai

“Email: tinhpk79@gmail.com

Ngay nhan bai: 25/10/2024

Ngay nhan bai stfa sau phan bién: 31/12/2024
Ngay chdp nhan dang: 26/01/2025

1. GIGI THIEU

Cac loai UAV ¢& nho thudng co toc dé bay thap nén
géc tan kha 1én. Khi c6 nhiéu dong gid két hop bay 6 do
cao thap c6 thé dan téi mat an toan bay (géc tan gan tdi
han hoac qua gidi han chiu tai ciia két cdu may bay) va cé
thé xay ra tai nan bay.
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UAV la d6i tugng cé tinh phi tuyén cao va la hé khéng
ding. Nhirng nghién ctu gan day da dua ra nhiéu y
tudng thiét ké bd diéu khién (BDK) cho UAV nhu luat
diéu khién dua trén viéc lya chon mét ham Lyapunov
dam bao 6n dinh cac quy dao mong mudn doc theo truc
(X, Z) va géc nghiéng [1], phat trién mot bo diéu khién
PID dé 6n dinh dé cao [2], bo diéu khién trugt va trugt
bac cao két hop bé quan sat [3, 4]. Khi st dung cac BDK
kinh dién, can phai biét chinh xac cac théng s6 va dac
tinh cta UAV. Hon thé nira, cac BDK nay chi chinh xac
trong giai doan tuyén tinh con trong giai doan phi tuyén
thi khéng con phu hgp.

Trong pham vi bai bao nay, nhém tac gid st dung BDK
thich nghi theo toc d6 gradient véi mo hinh tham chiéu
tudng minh diéu khién theo tin hiéu d6 cao dé én dinh
quy dao bay cho UAV trong diéu kién cé nhiéu dong gio
tac dong. Trong thuat toan toc dé gradient, téc do thay
déi tham sé cla luat diéu khién ty 1é thuan vai gradient
clia téc do thay d6i ham muc tiéu, trong d6 ham muc tiéu
thé hién sai s6 gilfa vecto trang théi ciia UAV va vecto
trang thai chuan.

2. MO HINH TOAN HOC

Hinh 1. Chuyén dong cta UAV trong mat phang diing
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Khi xét chuyén déng clia UAV trong mat phang ding
(hinh 1) s&r dung mét sé gia thiét nhu sau: coi chuyén
déng cta UAV la bai toan chuyén déng clia vat rén vai cac
dac tinh khi déng cho truéc, bo qua yéu té dan hoi va bién
dang két cau; bo qua sai s6 clia cac cdm bién do chuyén
dong cta UAV.

Dua trén viéc phan tich cac luc va moémen tac dong lén
UAV, thiét lap duoc hé phuong trinh chuyén dong cua
UAV trong khong gian, gém cac trudng hgp:

Trong trudng hgp khéng c6 nhiéu déng gié tac dong,
khi do, vécto khong téc V. tring vdi vécto dia téc
V, (V, =V,) va hé phuong trinh vi phan mé ta chuyén
dong doc cta UAV nhu hé phuong trinh 1 [5]. Trong dé:
0 - goc nghiéng quy dao; 9 - goc chiic ngdc; a - goc tan;
m - khéi lugng UAV; \7r - t6c d6 tuong doi ctiia UAV so vai
khéng khi; V, - t6c do tuyét d6i ciia UAV so véi mit dat
tinh trong hé toa d6 quy dao Ox,y,z, ; J. - mdmen quan
tinh ctia UAV theo truc Oz trong hé toa dé lién két Oxyz;
w; - téc d6 gbc cta UAV quanh truc Oz; m, - cac hé s6
momen khong thi nguyén; p - khéi lugng riéng khéng
khi; S - dién tich canh UAV; T - luc kéo; b, - day cung khi
dong trung binh; G, C, - hé s6 luc nang va hé sé luc can
clia UAV; &, - goc léch canh 1ai d0 cao; hy - d6 cao cla
ddéng ca so véi truc doc UAV.
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Trong trudng hop cé nhiéu dong gid tac déng, vécta
khéng téc V. léch so véi vécto dia téc Viegdc aw. Khi do,
hé phuong trinh mé ta chuyén déng doc cda UAV nhu
sau:
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3.B0 DIEU KHIEN THICH NGHI THEO TOC DO GRADIENT

Dé téng hop bé diéu khién thich nghi, ta sé thuc hién
tuyén tinh héa hé phuong trinh vi phan chuyén déng doc
clia UAV xung quanh trang thai can bang. Khi tuyén tinh
hoa chi xét cac chuyén doéng chu ky ngan (cac chuyén
dong goc) bd qua su thay déi téc do, do cao bay va bd qua
thanh phan luc nang cta canh lai d6 cao. Ta sé dugc hé
phuong trinh vi phan theo sai léch nhé [6]:

a=-a,.0+w,

3)

w, =—a,.0—a,.w, —a,.0

C

Trong dé:
a1, @z, a3, a4 - cac hé s6 déng luc hoc, dugc tinh nhu sau:
a, __ MG S.b2; a, __M-q S.b,;
V,.J, B
9 a
mJe. Ct.q,.5+T
,=——2= qa.S.ba; a, =|—"—— %
J, m.V,
f ez A TA A e g b V.-, .
Do qua tai dung lién hé véi goc tan: n, =——.a nén
9

c6 thé viét:

. V. .a,
n,=-a,.n,+———w
y y g

z
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a
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y 1 z 3
V,.a,

C

TU hé phuang trinh vi phan (4) ta rut ra dugc phuong
trinh vi phan déi véi thanh phan qua tai ding ny:
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.. . a,a,V,

i, +(a +a,)n, +(a, +aa,)n, = —%ki (5)

St dung phép bién doi Laplace vai phuong trinh (5),
ta c6 thé viét dudi dang ham truyén clia UAV theo qua tai
ding ny:

W-(SC — W-(SC Vk'a4

ny a °

J ©)
~ Va,.a, 1
g P+ +a)p+ta, taa,
Do d6 cao lién hé véi qué tai dung: h= %ny néntacé
P
thé viét:

W5 — W g V,.a,.3,

R

o 9 %
Y p? pt+(a +a,)p’ +(a, +a,.a,)p°
Tu ham truyén d6 cao theo d6 léch canh lai do cao (7)
ta rat ra dugc phuong trinh vi phan d6i véi thanh phan dé
cao:

h +(, +a,).h+(a, +aa,)h=—a,a,V,5, (8)
Dét: Yy1 = h r Yy1 = YyZ ’ yyZ = yy3 V\a yy3 = Yy4 phUdng
trinh (8) tré thanh:

Y=Yy
ha =Y ©)
Yy3 =VYya
Yye=—(a +a, )y, —(@, +aa,)y,; — a;a, V.6,
Ta c6 thé viét duéi dang phuang trinh trang thai:
y,()=A,.y, (t)+B .u(t) (10)

Trong d6: y, ()= (y,;¥,:¥,s:¥,.) = (hih;hih) - véc to
trang thai;
Uy= Uyo+ Uyt - tin hiéu diéu khién canh lai dé cao;

A, - ma tran hé théng:

0 1 0 0
0 0 1 0
A =
Y00 0 1
0 0 —-a,—aa, —a —a,
0
A AR LR 0
By - ma tran diéu khién: B, = 0
—a,a,V,

Gia st d6i tugng diéu khién dugc mo ta bsi phuang
trinh trang thai:
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y(t)=A.y(t) +B.u(t) (11)

A, B - ma tran tham sé trang thai cta déi tugng diéu
khién, kich thuécn x nvan x m.

M6 hinh tham chiéu dugc trinh bay & dang phuong
trinh trang thai nhu sau:

y (=A, .y (t)+B_.x(t)

Trong d6: Am, Bm - ma tran tham sé trang thai ciia mo
hinh tham chiéu, dugc lua chon theo diéu kién sau:

m:BVéAm:A+Bm.K
K - ma tran hé sé khuéch dai, kich thuéc m x n.

(12)

(13)

Viéc lua chon mo hinh tham chiéu phu thudc vao cac
yéu cau can thiét lap cho hé kin: thai gian xac lap, d6 qua
chinh, sai s6... Khi d6, mé hinh tham chiéu can phai én
dinh, nghia la ma tran An, - ma tran Hurwit.

Dé hé thdng c6 thé tu dong thich nghi v6i nhimng tac
déng cda gio 1én UAV, ta can téng hgp thuat toan thich
nghi va cau truc bo diéu khién, dé dat duoc muc tiéu diéu
khién dat ra la:

lime(t)=0

t—oo

(14)
Vai: e (t) =y, (t)—y,,(t) - vécto sailéch

ey(t):(ey1;eyz;ey3;ey4>
=y = YymiYy2 =Yym2:Yys ~ Yyms:Yya — Yyma)
:(h—hm;h—Hm;H—Hm;'ﬁ—F{m)

Dé dat muctiéu diéu khién (14) c6 nhiéu phuang phap
khac nhau, trong pham vi bai bdo nay st dung phuaong
phap téc dé gradient véi mo hinh tham chiéu tusng
minh. S& dung cach tiép can truc ti€p dé téng hop, lva
chon bé diéu khién nhu sau:

Uy () =k, (£).y(t) +k, (£)h (1)
=k, (t).h(t) + K, (t).h(t) + k. (t).h(t)
+k (t).h(t) + Kk, (t)h (1)

(15)

Bo diéu khién gém 2 khau, khau thir nhat k,(t) 1a phan
hoi trang thai va khau tha hai ki(t) 1a tién x{ ly tac déng
dau vao cho trugc. Nhu vay tham sé can hiéu chinh la
O(t) = (k, (t):k, (1) k; (V) k;: (t):k,,_ (1)

SU dung ham muc tiéu cuc bdé Q(E)=0,5e'He, dé dat
dugc muc tiéu diéu khién (14) can phai thay d6i tham s6
hiéu chinh ©(t) theo huéng lam gidam ham Q(e) (khi dé
muc tiéu diéu khién la Q(e) — 0 khi t — ). Tuy nhién, Q(e)
khong phu thudc vao O(t) va viéc tim hudng giam Q(e) rat
khé khan. Thay vao dé, dé tim hudng gidam ham Q(e) sé
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tim diéu kién dé Q(e) < 0. Khi d6 ham Q(e)=wl(y,0,t)

phu thudc vao O(t) va w(y,O,t) la téc do thay déi ham

Q(e). Tinh gradient cia ham t6c d6 w(y,O,t):
V,,w(y,0,t)=B"Hey"

(16)
V, w(y,0,t)=B"Her

Trong doé: H - ma tran kich thudc (4x4), thda man
H =HT > 0. Tim ma tran H bang cach gidi phuong trinh
Lyapunov nhu sau:

HA, +AlH=-G (17)
Trong do: Ma tran G tuy chon théaman G, =G/ >0.

Lua chon thuat toan téc do gradient & dang vi phan
nhu sau:

dk,

—L —_yB'Hey’

ddkt Y,B Hey i~
—C=—y,B'Her’

dt Y2

Dé tang tinh tac déng nhanh, céng thic (18) dugc bé
sung va viét lai nhu sau:

dk
—~L=—yB'Hey' —v, 9 B"Hey")
dt dt (19)
dk d T T
— — _y B"Her" —y, —(B"Her
dt Y2 Ya dt( )

Trong dé: cac hé s6 v,,v,,Y,,Y, tuy chon thoa man

Y,>0,y,>0,y;>0,y, >0.

k, =—y,B"Hey" —y,—(B"Hey" ) K—

g
N——

== k=B Her —y, (BT Her )

i Thuit toan thich nghi

Hinh 2. So d6 cdu tric hé diéu khién thich nghi st dung phuong phap tdc
dd gradient véi m hinh tham chiéu tudng minh
4.KET QUA

TU mé hinh déng luc hoc vong diéu khién kin UAV
trong kénh ding tién hanh mé phong trong méi trudng
Matlab Simulink nhu hinh 3.
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0 CAU CHAP HANH MO HINH UAV
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Hinh 3. M6 hinh mé ta vong diéu khién kin kénh diing ctia UAV

D{t liéu dau vao mo phong dua trén di liéu mé hinh
“UAV-70V", day la loai UAV c¢& nhé lam nhiém vu gidm sat
tur xa do HOi Hang khong v tru Viét Nam nghién ctu, ché
tao. Cac thong s6 ctia UAV-70V gém dac trung hinh hoc;
dac trung khéi lugng - quan tinh - dinh tam va déc trung
khi dong dugc thong ké cu thé trong bang 1.

Bang 1. Thong 56 ddc trung cho UAV - 70V

Sai léch T—
46 cao Nhigu déng gic alpha

Tham sé Gia tri Don vi
Chiéu dai () 2707 mm
Khdi lugng (m) 56,5 kg
Chiéu cao (h) 713 mm
Dién tich canh (S) 1,05 m?
Sai canh (I,) 3000 mm
Day cung khi ddng trung binh (b,) 350 mm
Toc do bay hanh trinh (V) 40 m/s
M6 men quan tinh J; 51 kgm?
M6 men quén tinh Jj 33,55 kgm?
M6 men quan tinh J, 31 kgm?
Lan 1,357 m
X —X 0,15
hgc 0.4 m

DE tang tinh truc quan, thdy rdé chat lugng cda BDK,
nhom tién hanh so sanh dap (ng ctia UAV-70V khi st
dung BDK thich nghi va BDK PID tdng hagp theo thuat
toan sau:

u, :Kp.(h—hd)—de.[h— h'ct]
t
JrKi.f(h—hct).dtJruyo +K,,.w,
0
Cac hé s6 K,, Kg, Ki - tuong ting véi cac hé so ty 1é, hé
sO vi phan va hé sé tich phan cta BDK PID. Cac hé s6 K,
Ka, Ki, Koz dugc lua chon bang cach st dung cong cu téi uu
hoa Simulink Response Optimization vé&i cac gia tri:
Kp =1,0299; Ki = 0,2725; K4 = 0,9388; Ko, = 1,2231.
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Khao sat, so sanh chat lugng cda hai BDK trong trudng
hgp UAV trong ché d6 bay bang va c6 nhiéu déng gio tac
dong. M6 phéng thuc hién khi UAV dang bay bang & do
cao 300m véi téc d6 hanh trinh (Vi = 40m/s). Tai thdi diém
t = 15s, nhiéu gi6 tac dong c6 bién dé thay déi trong hai
truong hgp: Wy = 5m/s va Wyo =7m/s, théi tir dudi lén.
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Hinh 4. Két qua danh gia dap ting ctia UAV khi 6 nhiéu gid bac thang tac
dong vdi bién do Wy

Két qua mo6 phong cho thay rang, tai cung mét dé cao
khi cé nhiéu gié ding bac thang tac déng, UAV s dung
BDK thich nghi cho sai léch d6 cao diéu chinh nho hon
BDK PID. Bién d6 ctia nhiéu dong anh hudng dén an toan
bay ctia UAV. Khi nhiéu gi6 tac déng co bién do thay ddi
(I6n hon), UAV st dung BDK PID c6 thé van dugc duy tri
dugc dé cao nhung goc tan that toc vuat qua gidi han cho
phép dan dén UAV bi mat an toan bay. Trong khi d6, UAV
st dung BDK thich nghi duy tri t6t theo dé cao mong
muon, cac gia tri goc tan that toc va qua tai ding déu nam
trong khodng gidi han cho phép, ddm bao an toan bay
cho UAV.
5.KET LUAN

Bai bao trinh bay két qua mé phéng mé hinh vong
diéu khién kin trén may bay khéng ngudi lai khi st dung
bo diéu khién thich nghi va so sanh véi bd diéu khién PID
truyén théng. Két qua chi rd uu diém ctia BEK thich nghi
so v&i BEK kinh dién PID trong diéu kién c6 nhiéu déng
gio6 tac déng vdi sai s6 diéu chinh nho, thai gian xac lap
nhanh, géc tan that toc va qua tai ding nam trong gigi
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han cho phép do d6 c6 thé m& rong pham vi hoat dong
cla UAV. Tl cac két qua mé phong ta thdy rang, BEK thich
nghi dugc dé xuat trong bai bao hoan toan cé thé mé
réng ap dung cho UAV trong cac quy dao chuyén dong
phuc tap khac nhau véi do chinh xac cao.
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