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THIET KE BO DIEU KHIEN THiCH NGHI CHO QUADROTOR
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TOM TAT

Thiét bi khong ngudi lai (UAV), dac biét la quadrotor, trong qua trinh van hanh chiu nhiéu tac ddng tir méi trutng bén ngoai trong viéc duy tri su 6n dinh do
tinh phi tuyén ctia dong luc hoc va yéu td bét dinh nhu nhiéu gi6 hodc thay ddi tai trong. B9 diéu khién trugt (Sliding Mode Control - SMC) la mét phuong phép
pho bién dé xt 1y cac hé théng phi tuyén, trong d6 tac ddng ctia nhiéu bén ngoai con dnh hudng nhiéu tdi sai léch dau ra. D€ khac phuc van dé nay, bo diéu khién
thich nghi md - trugt (Adaptive Fuzzy Sliding Mode Controller - AFSMC) dugic dé xudt duoc thiét ké dua trén bo SMC két hap ki thuat logic m& d€ cai thién hiéu
sudt va tinh &n dinh cia UAV. Thanh phan logic md ¢6 vai trd xdc dinh cac tham s6 cia b diéu khién dé xuat, tang kha néng thich nghi véi cac thay dgi moi truting
va tinh bat dinh mé hinh. Thuét toan diéu khién AFSMC ap dung ham Lyapunov dé chiing minh tinh 6n dinh cia bd diéu khién dé xuat.

Tirkhéa: Phuong tién khong nquoi Idi (UAV), hé thing phi tuyén, b diéu khién ché do trugt (SMC), bd diéu khién thich nghi ma - trugt (AFSMC), ham Lyapunov.

ABSTRACT

Unmanned aerial vehicles (UAVs), particularly quadrotors, face significant challenges in maintaining stability during operation due to their inherent
nonlinear dynamics and environmental uncertainties such as wind disturbances or payload variations. Sliding Mode Control (SMC) is a widely adopted method
for addressing nonlinear systems; however, it often suffers from high-frequency chattering and requires careful selection of control parameters. To overcome
these limitations, an Adaptive Fuzzy Sliding Mode Controller (AFSMC) is proposed. This controller is designed by integrating fuzzy logic with SMC to enhance the
performance and stability of UAVs. The fuzzy logic component plays a crucial role in determining the parameters of the proposed controller, thereby increasing
its adaptability to environmental changes and model uncertainties. The stability of the proposed AFSMC algorithm is rigorously proven using Lyapunov stability
analysis.

Keywords: Unmanned Aerial Vehicle (UAV), nonlinear system, sliding mode controller, Fuzzy Sliding Mode Controller (AFSMC), Lyapunow function.
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1. GIGI THIEU chién), quén ly giao théng, gidm sat hé théng quy mé 16n,

Trong nhiing ndm gan day, phuong tién bay khong ~ Kiém tra co s& ha tang (vi du: dudng day tai dién) va ho
ngui Iai (UAV) thu hit sy quan tam manh mé tircacnha 19 nhan dao (vi du: cung cdp vat tu'y t€ khan cép trong
nghién cliu trong va ngoai nuéc. Nhiing thanh tyu cia  tham hoa) [1-4]. UAV dang tr& nén rét gan gi v6i cong
mot s6 cdng nghé mdi da ting cudng kha nang tng dung viéc va dgi s6ng clia con ngudi. Trong cac loai UAV thi
ctia UAV trong nhiéu linh vuc, bao gém néng nghigp (vi  Quadrotor la mot dang dac biét gém hé thdng bén dong
du: tusi tiéu, gieo hat), quéc phong (vi du: hd trg tac  COVOi bén canh quat dugc sap xép theo hinh chi X. Thiét
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ké hé bén dong ca canh quat giup cho Quadrotor linh
hoat trong viéc thuc hién cac thao tac bay phurc tap. Cong
viéc thiét ké hé théng diéu khién bén canh quat gap
nhiéu kho khan bdi moé hinh toan hoc ctia quadrotor cé
tinh phi tuyén I6n va sy khé ludng ctia nhiéu bén ngoai.

D€ nang cao chat lugng cla hé théng diéu khién
Quadrotor, da c6 nhiéu nghién cttu ting dung cac phuong
phép thiét ké khac nhau cho bo diéu khién nhu diéu khién
tuyén tinh, phi tuyén, thich nghi, m&, mang nao-ron,... Moéi
phuong phap déu c6 nhing uu, nhugc diém riéng, vi du
bo diéu khién PID [5-8] dugc ap dung rong rai vi tinh don
gian trong thiét ké va cai dat. . Han ché ctia cac b6 PID la
bi anh hudng manh do cac yéu t6i nhu nhiéu loan tir bén
ngoai, mé hinh khéng én dinh va kiém soat dé chinh xac.
Bo diéu khién ma véi uu diém |a hoat déng dua trén tap
ludt ma [9, 10] diéu nay hitu ich cho viéc khéng phu thudc
vao md hinh todn phuc tap ctia Quadrotor. Nhung bd
diéu khién nay khong di kém moét phan tich én dinh rd
rang (nhu Lyapunov), do dé khé ching minh hiéu qud
hodc dam bao an toan trong moi diéu kién hoat déng.
Mang no-ron dugc huan luyén tu dit liéu dau vao va dau
ra cla Quadrtor [11, 12], va cac thdng s6 clia mang no-ron
luén dugc cap nhat trong qua trinh bay. Trong qua trinh
thiét ké bd diéu khién khéng yéu ciu xac dinh chinh xac
mo6 hinh toan cla d6i tugng va né c6 kha nang loai bd
nhiéu bat dinh. Tuy nhién, véi nhiing hé thong I16n mang
na-ron khéng phu hgp vi dit liéu tinh todn rat I6n nén khé
dam béo tinh 6n dinh toan cuc ctia hé théng.

Trong s6 cac phuang phap diéu khién dugc phat trién
nham x{ ly tinh phi tuyén cta UAV, diéu khién ché do
trugt (Sliding Mode Control - SMC) da néi lén nhu mot
phuong phap hiéu qua nhd kha nang chéng nhiéu manh
mé trudc cac nhiéu tac doéng truc ti€p va sai s6 mod
hinh[13, 14]. Phuong phap SMC buéc quy dao hé théng
di vao mét mat trugt xac dinh trudc va duy tri né tai do,
bat chdp cac nhiéu, giup hé théng dat dugc tinh én dinh
cao trong méi trudng bat dinh - diéu rat phu hop véi cac
hé UAV thuc té. Tuy nhién, phuang phap SMC c¢é dién
cling tén tai mot s6 han ché. Nhugc diém phé bién nhat
la hién tuong rung lac (chattering), xuat phat tir ban chat
r&i rac cha luat diéu khién, c6 thé kich thich cac thanh
phan tan s6 cao chua dugc mé hinh héa va gay hu hai cho
co cau chap hanh. Bén canh d6, SMC truyén théng yéu
cau thong tin chinh xac vé tham sé hé théng, va thiéu kha
nang thich nghi trong diéu kién thay déi theo thai gian
hoac khéng biét trugc. Diéu nay khién qua trinh diéu
chinh tham s6 SMC trong thuc té tr& nén khé khan va
thudng phai thuc hién thi cong.
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Dé khac phuc nhiting han ché trén, bo diéu khién thich
nghi ma& - truot (Adaptive Fuzzy Sliding Mode Controller
- AFSMC) da dugc dé xuat nhu mét gidi phap nang cao.
Bang cach tich hgp hé théng ma vao khung diéu khién
truot, AFSMC cho phép diéu chinh tu dong hé sé diéu
khién dua trén phan hoi thai gian thuc cta hé théng. Co
ché thich nghi nay giup cai thién d6 chinh xac bam quy
dao, giam hién tugng chattering va tang cudng kha ndng
ch6ng nhiéu trong diéu kién bat dinh. Hon niia, logic mo
khong yéu cau mé hinh toan hoc chinh xac ctia hé théng,
giup tang tinh linh hoat khi phai d6i mat véi cac nhiéu
khoéng xac dinh.

Trong bai bao nay, mét bo diéu khién AFSMC dugc
thiét ké dé Quadrotor dat dé cao va cac géc quay mong
mudn. B6 diéu khién dugc xay dung nhdm dam bao tinh
6n dinh tiém can cla hé théng trong diéu kién c6 nhiéu
va sai s6 tham s6. Mét phan tich so sanh véi phuong phap
SMC dugc thuc hién nham lam ré nhiing cai tién vé hiéu
nang cla phuong phdp dé xuat. Bong thoi, ham
Lyapunov dugc ap dung dé chiing minh tinh én dinh
viing chac cda hé théng diéu khién. Cac két qua mé
phéng dugc thé hién qua phan mém Simulink cula
Matlab, tir d6 tac gia dua ra cac nhan xét va danh gia vé
b diéu khién da dé xuat.

2. PONG LUC HOC QUADROTOR

Pé mod td dugc md hinh toan hoc cla Quadrotor,
nhom tac gia st dung hai hé quy chiéu nhu hinh 1 [15].
Trong d6, hé quy chiéu tam E dugc dat ing vai hé quy
chiéu quan tinh cla trai dat, cac truc e, e, tuong ung véi
hudng béc, hudng tay, con truc e, vubng goc voi mat
phang (e, e,) va hudng thang Ién trén. Hé quy chiéu tam
B c6 g6c toa do trung véi tam clia Quadrotor, cac truc ey,
ey, tuong ung véi hudng phia trudc, hudng bén trai va
truc e, chi huéng vuéng goéc v6i mat phang khung mé
hinh va hudng lén.

z axis

i \ i

. y axis
X axis

Hinh 1. Hé quy chiéu quan tinh va hé quy chiéu gan vdi vat thé
Quadrotor la moét hé théng 6 bac tu do (6 DOF), do d6
c6 6 bién (X, Y, Z, ¢, 0, y) la cac vi tri va hudng quay cla

Tap61-5611(11/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

quadrotor trong khéng gian. Cac goc ¢, 0 va y dugc goi la
cac goc Euler. Cu thé:

e X vaY: vi tri Quadrotor trong khéng gian (m)
e Z: d6 cao Quadrotor (m)

e {: GOc xoay roll - xoay quanh truc ey (rad)

e 0: GOc xoay pitch - xoay quanh truc ey, (rad)
e y: GOC x0ay yaw - xoay quanh truc ez (rad)
Céac goéc dugc gidi han nhu sau:

- m-m
— <P —: _<e<— —-n<YP<m
2 p< 2 2 2 v
DPé thiét ké duogc md hinh toan hoc cho Quadrotor,
phuong phap Newton-Euler [16-19] dugc nhdm tac gid su
dung dé tinh toan cac luc tac dung, mé men xodn. Tu d6,
Quadrotor ¢6 phuang trinh todn nhu sau:
X =[sin(@)sin(g) + cos(Ll))sin(e)cos(E))]i
m
Y:[—cos(q))sin(¢)+sin( sin(B)cos(d ]U—
m

Z=-g+ cos(E))cos((ﬁ)i

m (1)

¢': |YY _lzz HLIJ—J—'(_Er9+ dUz

IXX lx XX
§='z o M +J—'(_2r¢+ du

IYY Iy IYY
P W W u
Pp=X4o+C =~

IZZ ° Y74

Trong dé:

e U;: luc ddy thang tac dong vao hé quy chiéu B

¢ U,: momen géc roll tdc dong hé vao quy chiéu B

e Us: momen géc pitch tac dong vao hé quy chiéu B

¢ Us: momen géc yaw tac déng vao hé quy chiéu B

e m: khoi lugng clia Quadrotor

o lxx: mé6-men quan tinh theo truc ey

¢ lyv: m6-men qudn tinh theo truc e,

¢ |22 m6-men quan tinh theo truc e,

e d: khoadng cach tir tam quadrotor dén tam dong co

e g: gia toc trong trudng

e Vantécgéc Q=w, —w, +w, —w,
Gia st rang x =[4$88hz2" va U=[U,,u, U, U] la

vecto trang thai va vectd dau vao diéu khién, tuong ung.

Mé hinh dong luc (1) c6 thé dugc viét dudi dang khong

gian trang thai nhu sau:
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X, =X,
X, =a,X,X¢ +a,Qx, +b,U,
X; =X,
X, = a,X,X, +a,Qx, +b,U,
x =f(x,U)= X, =X,
Xs =a:X,X, +bU,
X, =X
. cos(¢)cos()
X8 1
m
Trong dé:
I, =1, J (- J (e
_ _ _ _ _ Yy
a;= ’ az—_l_r' a3 = | =, a4__|_r' a; = | ’
XX XX yy yy 2z
d d 1
b, =—, bzzl_, b3=|—
X y z

3. THIET KE BO PIEU KHIEN
3.1. Bd diéu khién ché dé truot

Muc tiéu diéu khién la thiét lap mot bo diéu khién
thich nghi c6 kha nang loai bo sai s6 géc quay va d6 cao
cla quadrotor, nham dam bao hiéu nang va dé bén cao.
Quy dao mong muén clia cac trang thai diéu khién dugc

dinh nghia 13: x, =@, 0, W, 2z, vacacgia tri thuc
téla:x=[¢, 6, v, z|

Uy

S

A
U, ”

v, |
Desired
v

Hinh 2. S¢ d6 cau trdc cla hé thong

Bo diéu khién d6 cao lay tin hiéu sai s6 e, lam dau vao,
tin hiéu nay thé hién su chénh léch gilta d6 cao mong
muén z4 va dé cao thuc té z, dé tao ra tin hiéu diéu khién
U; . Tuong tu, cac bd diéu khién tu thé va huéng bay lay
céc sai so gilta cac goc @q, 04, Pg mong mudn va cac gia tri
thuc té ¢, 6, Y, z dé tao ra cac tin hiéu diéu khién . Ta dugc:

{ezzz_zd{eé,:e—ad_ & =9—¢ |e,=b-U, 2
e, =2-2,'|e,=6-6,"|e,=¢—4 |&, =00,

Bé mat tugt clia cac bod diéu khién dugc dinh nghia
nhu sau:
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s,=e,+Ae,;
s, =€, +)\¢e¢;
Sy =€g+A,e,; 3)
Sy =€, +)\¢e¢;

Lay dao ham bac nhat theo thai gian clia cac mét trugt
ta duoc:

s,=e +Ae,;
s¢=é¢+7\¢e¢;
S, =€ +A,e,; @
Sy =éLp +7\¢e¢;

Tin hiéu diéu khién cho Quadrotor la:

m
U= M (g5 -Né )
1 cos(¢).cos(e)(ngZd .€,)=",sgn(s,)

‘I —_— .. .
U, :b_(_a1x4xe —a,Qx, +4, —?\¢e¢)— n, sgn(s,)

11 - (5)
U3 :b—<—a3X6X2 —a4QX2 + Hd - )\gég)_ r]e Sgn(se)

2

1 . .
U, :Io—(asxzx4 +y, _}‘wew)_nw sgn(s,)
3
V6i N, =0van >0, ie{z¢,0,p}
St dung ham Lyapunov truc ti€p dé danh gia tinh én
dinh cta bo diéu khién SMC dé xuat. Lua chon ham
Lyapunov nhu (6) dé chimg minh tinh én dinh:

1,
V=—s 6
5 (6)

Dao ham bac nhat theo thai gian ta dugc:
V=s.$ 7)
Thay U, vao Z ta dugc:

LT m o (g+Zy) )
z—m{(cos()cos(e)[_)\zéj r1259In(sz)Jcos()cos(e)] g

N n,sgn(s,)cos()cos(0)
m

=(g+2,

i=7,-\é, - n,sgn(s,)cos(g)cos(6) "
m

Thay vao s, ta dugc:

. (id he - nzsgn(sz)cos(gé)cos(e)] 3 ehe,
m

n, cos(¢)cos(6) )

z

gn(s,) 9)
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Nhu vay: s,$, =

S
n, cos(¢)cos(6) s, < 0. Chimg minh
m

tuong tu cho cac bd diéu khién con lai va thdy dugc cac
bo diéu khién déu hoi tu 6n dinh vé 0. Nhu vay toan bo
hé théng Quadrotor dugc xay dung ti cac bé diéu khién
trén la 6n dinh.
3.2. Bd diéu khién thich nghi mé - truot

Bo diéu khién m& dugc dé xuat nham hiéu chinh cac
tham s6 cia bo diéu khién SMC trong qua trinh hé théng
lam viéc. Cac suy ludn m¢ sé diéu chinh thich nghi tat ca
cac tham sé ctia SMC, thay vi phai trai qua qua trinh thuc
nghiém ldp di lap lai. Cac hé s6 clia mat trugt va ham sé
dugc tao ra bang cach st dung cac bo giam sat mo FMC1
va FMC2 nhu hinh 3, dua trén cac luat va suy luan ma.

Desired e, /17 Uy }
Z46v " de/dt EMCL U, A
Sliding U 7,46y
Mode U,
Controller > .[J‘
1 7 "
ds/dt > FMC2 >

Hinh 3. Bd diéu khién thich nghi m - trugt

Hé thong suy luan ma dugce dé xuat FMC1 ¢6 hai dau
vao la e(t) va dao ham clia né €,(t)cling véi dau ra la
ie{z,4,0,0} . Cac gia tri bé mat truot duoc tinh toan dua
vao muc dé cda sai s6. Phuong phap suy luan m& Max-
Min va gidi m& bang phuong phéap trong tam. Luat mo
dugc dua ra trong bang 1, trong d6: N (Am), NB (Am Lén),
Z (Zero), P (Duong), PS (Duong Nhé), PM (Duong Vua), NB
(Am Lén) va PB (Duang Lan).

Bang 1. Ludt diéu khién m cho \;

NCE| e N z p PB
e

NB Z 7 7 PS PM

N 7 PS PS PS PM

Z PS PS PS PM

p PM P p p PB

PB PM P PB PB PB

Mién gia tri clia cac bién dau vao, dau ra ctia bd FMC1
dugc xac dinh nhu hinh 4.

Cac tham s chuyén mach ) 1a tham s6 chinh dé tang
nhiéu va tuong tac bén ngoai. Thong thudng, bién d6 dao
dong clia bo diéu khién ti & véi n;, vi vay dao déng cé thé
giam bang cach dat gia tri ni nhd khi nd gan bé mat trugt
va lén hon khi & xa.
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Hinh 4. Bé mat suy ludn m& cho tham s \;

B6 giam sat ma thur hai, dugc goi la FMC2, trong d6 bé
mat trugt si(x) va dao ham ctia né $,(x) dugc chon lam dau
vao, n; dugc chon lam dau ra, i€ {z,4,0,p} . Cac luat suy
luan cho FLS2 dugc trinh bay trong bang 2.

Bang 2. Luét diéu khién m& cho

s 2 z PS PM p PB
z PB PB p p PM
PS PB p p PM PS
PM PB p PM PS 7
p p PM PS PS 7
PB | PM PS PS 7 7

Mién gid tri cGa cac bién dau vao si(x), §,(x) va bién dau
ra, ni dugc chon nhu hinh 5.

Hinh 5. Bé mat suy ludn m& cho tham s6
4. KET QUA MO PHONG

Dé ching minh chat lugng cta bo diéu khién da dé
xudt. Nhom tac gia thuc hién viéc moé phong trén phan
mém Matlab/Simulink cho hé théng dugc diéu khién
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bang SMC va AFSMC. Quadrotor c6 cac thong sé c6 san
nhu thé hién trong bang 3.

Bang 3. Cac thong s6 clia Quadrotor

Théng sd Ky hiéu Gia tri Don vi
i(::glotnl;tz\;n quadrotor dén | 0.25 m

M6 men quan tinh cda tru X Iy 3,8278.10° | N.m/rad/s?
M6 men quan tinh cla try Y lyy 3,8278.10% | N.m/rad/s?
M6 men quan tinh clia tru Z I, 7,6566.10% | N.m/rad/s?
Tong momen quan tinh ) 2,8385.10° | N.m/rad/s?
Gia toc trong truong g 9,81 m.s?
Khdi lugng quadrotor m 0,964 kg

Cac tham s6 cta boé SMC dugc nhom tac gia thuc
nghiém nhiéu lan dugc két qué la i =2 va n; = 3. D€ so
sanh chat luong clta hai bo diéu khién SMC va AFSMC,
nhém tac gid dua ra hai trudng hgp sau day:

Truong hop 1: Cac trang thai ban dau ctia Quadrotor
dugc thiét lap la [x, y, z] = [0, 0, 0] va [, 6, Y], nghia la
Quadrotor ban dau nam trén mat dat. Muc dich clla may
bay khong ngudi lai duoc thiét ké véi ché dé diéu khién
bé mat truot thich nghi ma la cat canh va tang dé cao 4
mét, dong thai gitt cho may bay lugn. Cung ldc d6, may
bay dugc diéu khién dé 6n dinh tai cac gia tri géc quay
mong mudn la [0,5; 0,5; 0,3] rad.

* Gia tri dau ra dap ung ctia Z

5

IS

w

N
T

—Zd
---SMC
—AFSMC

D6 cao Z (m)

0 1 2 3 4 5 6 7 8 9 10
Thoi gian t (s)

Hinh 6. Gid tri dau ra dap (ing clia Z
* Gia tri dau ra dap ung cua Pitch

=)
g
; %
2
el —ad
38 ---SMC
—AFMSC
| | | |
0 1 2 3 4 5 6 7 8 9 10
Thoi gian t(s)

Hinh 7. Gid tri dau ra dap (ing ctia Pitch
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* Gia tri dau ra dap ung cta Roll

0.5

N
~

)

o

~03

=

S

o

~80.2 i od

o ‘ SMC
0.1 —AFMSC
o/
0 1 2 3 4 5 6 7 8 9 10

Thoi gian t(s)
Hinh 8. Gia tri dau ra dap (ing cda Roll

* Gia tri dau ra dap ung clia goc Yaw

Goéc Yaw (rad)

Thoi gian t(s)

Hinh 9. Gid tri dau ra dap (ing cla Yaw

Nhén xét: Qua két qua mo6 phong hinh 6 + 9, ca hai bo
diéu khién déu giup quadrotor 6n dinh va bam theo gia
tri mong mudn. Tuy nhién, thai gian dap tng ctia SMC lau
haon so véi AFSMC trong khodang 2 - 3s. Nhu vay, bo diéu
khién ma trong AFSMC da giup Iua chon cac tham s phu
hop dé giup AFSMC tr& nén tét hon.

Truéng hop 2: Khi gia tri dat ban dau thay déi thanh
[Z@B,W] = [4;1,2; 0,8; 0,5] va c6 thém nhiéu ngoai sinh
bat dinh (gio) tac déng t6i Quadrotor theo truc y sé lam
anh hudng dén su 6n dinh ctia goc roll trong khoang thaoi
gian tu 5s.

* Gia tri dau ra dap ung ctia Z

—Zd
--SMC
—AFSMC

Bo6 cao Z (m)

Thoi gian t(s)
Hinh 10. Gid tri dau ra dap ting clia Z
* Gia tri dau ra dap Ung clia Pitch
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Hinh 11. Gid tri ddu ra dap (ing cda Pitch

* Gid tri dau ra dap ung cta Roll
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Hinh 12. Gia tri dau ra dap (ing cda Roll
* Gid tri dau ra dap Ung ctia goc Yaw
)
S
E —AFSMC
o = -SMC
8 —wd
Thoi gian t(s)

Hinh 13. Gid tri ddu ra dap (ing clia Yaw

Nhan xét: Khi gia tri dat thay doi thi ca hai bé diéu
khién van dua dugc cac gia tri bam dugc theo gia tri dat
trong khoang tlr 2 - 5s. Tuy nhién, van giéng nhu trudng
hap 1, bd AFSMC gitp cho hé théng dat n dinh nhanh
hon so véi bé SMC khoang 2s. Dén khoang thaoi gian tu
5s, khi c6 su tac dong bai nhiéu, bdo AFSMC géc roll giao
ddng vdi bién d6 nhd han SMC khodng 10 - 16%. Nhu vay,
bd AFSMC dé xuat la lua chon t6t dé ap dung cho
Quadrotor, ké ca khi hé théng bi anh huéng bai nhiéu
ngoai sinh.
5. KET LUAN

M6 hinh déng luc hoc ctia Quadrotor dugc xay dung
theo phuang phap Newton-Euler, cho thay, hé théng
Quadrotor c6 tinh phi tuyén manh. Bé diéu khién thich
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nghi m& truot (AFSMC) dé xuat dugc thiét ké dé diéu
khién d&i tugng nay. So véi phuang phép trugt truyén
théng (SMQ), bd diéu khién AFSMC xéc dinh cac hé s6
bo diéu khién trugt théng qua ki thuat logic mg, tir do
nang cao do tinh bén viing clia hé thong. Két qua moé
phong cho thay bo diéu khién dé xuat c6 kha nang thich
ting linh hoat va duy tri 6n dinh duéi tac déng cua bat
dinh tham s8 va nhiéu moéi trudng. Huéng phat trién cai
tién thuat toan dé giam hién tuong chattering do tan s8
cda tin hiéu diéu khién 16n bsi dac diém cda phuong
phap diéu khién truot.
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