Nghién ciru khoa hoc cong nghé

Tong hop hé thong diéu khién truyén dong dién véi mot sé luit tiép can mit
trugt irng dung dieu khién chuyén dong Quadcopter

Lé Khanh Thanh, Vii Quc Huy”

Vién Ty dong hoa K¥ thuat quan sy, Vién Khoa hoc va Cong nghé quan sy, 17 Hoang Sam, Cau Gidy, Ha
Noi, Viét Nam.

"Téc gia lién hé: maihuyvu@gmail.com

Nhdn bai: 0419/2024; Hodn thién: 12/11/2024, Chdp nhdn dang: 15/11/2024; Xudt ban: 06/12/2024.
DOI: https://doi.org/10.54939/1859-1043.j.mst.FEE.2024.27-34

TOM TAT
Bai bdo nghién ciru khdo sdt tinh 6n dinh ciia hé thong dzeu khién cdu triic bién doi hoat dong
trong ché dg trueot bang tiéu chudn Lyapunov véi toc d¢ tiép can mat triegt khdc nhau. Két qud
nghién citu mdi cho phép luong hoa tham so mdt trugt nho thoi gian xac ldp va sai s0 mong muon
cia hé thong. Bai bao ciing dé xudt phwong phap tong hop bo dzeu khién cau truc bzen doi bang
cach su dung ludt tiép cdn mat truegt tong quat va cy thé héa mét s6 dan xudt ciia ludt tiép cdn mat

trueot tong qudt. Mot s6 mé phong diéu khién gia dinh mét kénh chuyén déng ciia Quadcopter thire
hién trén Matlab minh chitng cho ket qua nghién ciru dé xuat.

Tir kho4: Diéu khién cAu trac bién ddi; On dinh Lyapunov; Luat tiép can mat truot; UAV quadcopter.
1. PAT VAN PE

Trai qua nhiéu thap ky, diéu khién cu tric bién d6i (VSC) va diéu khién ché d6 truot (SMC)
dd dugc cong ddng hoc thuat quan tim nghién ctru va lam siu sic thém [1-3]. SMC hién dang
dugc ung dung nhu mot giai phap thiét ké chung cho rat nhiéu hé thong diéu khién nhu hé tuyén
tinh, hé phi tuyén; cac hé thong ¢6 nhiéu dau vao dau ra (MIMO), hé roi rac, hé ngiu nhién [2].
Déi voi Quadcopter, da co nhiéu cong trinh nghién ctru, trong d6 cac hoc gia da phat trién tng
dung k¥ thuat diéu khién mo [7], diéu khién tuyén tinh hoa phan hdi [8], diéu khién dya trén ham
Lyapunov [9], va diéu khién truot [10]. Quadcopter c6 tham s6 bién doi trong mé hinh dong luc
hoc, chiu tdc dong cua gio va tai trong mang. Trong diéu kién chiu tic dong ctia nhidu va su thay
d6i tham sd, kY thuat diéu khién truot 1a mot giai phap mang lai tinh bén vitng cho hé thong Hién
nay, cach tiép can tong hop hé thong VSC dua trén ché do trugt thuong duoc bét dau bang khau
thiét ké mat truot S. Sau d6, mot dang ham Lyapunov [4] dugc s dung dé dam bao tinh 6n dinh
tiém can cho hé thong, tir d6 hinh thanh luat diéu khién twong mg. Dbi voi hé tuyén tinh, do c6
mo hinh danh dinh tudng minh, nguoi thiét c6 thé tach tin hiéu diéu khién thanh 2 thanh phan doc
lap: thanh phan diéu khién twong duong va thanh phan diéu khién bén virng. Tuy nhién, d6i voi hé
ph1 tuyén noi chung, cac thanh phan twong dwong va bén Vung thuong 1an vao nhau. Glal phap
tong hop luat didu khién trong truong hop nay la Iya chon tdc d6 hoi tu § c6 dang ham s nao do,
vi du luét Gaos [1], luét Ity thira, luat t1ep can ham ma [3]. Va day thuong dugc goi chung la ludt
tiép can mat truot. Nghién ciru cac lut tlep can mit truot, nhom tac gia nhan thay rang chang c6
mot quy luét chung, hoan toan co thé biéu dién chiung dud6i dang mot ham giai tich toan hoc tong
quat. Tlep theo, néu lya chon mot hé tw tri mong muén lam mat trugt thi can thlet luong héa duge
tham s6 cta no. Trong thyuc té, hé thong chi cin dam bao 6n dinh trong mot mién sai s6 nhit dinh,
gidi han 6 mot vo cung bé nao do. Do vay, ddi véi mot hé thong cu thé, ta hoan toan c6 thé luong
héa duge tham sb mit truot, tir d6 giam bot siéu tham ) trong luat diéu khién.

2. CHE PQ TRUQT CUA MQT HE THONG PIEU KHIEN TRUYEN PONG DPIEN
Xét hé thong diéu khién bam véi phwong trinh dic tinh co duge mé ta nhu (1).

JO(t) = —£(6,6,t) + bu(t) 1)
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V6i 6 1a goc thuc; £(6,6,t) = ad la thanh phan phu thugc tée do goc véi hé sé ma sat nhot a;
u la tin hiéu diéu khién; b 12 ma tran diéu khién; J 1a mé men quan tinh cua hé thong.
Goi 64 la goc dat. Sai 1éch goc va dao ham cua sai 1éch goc la:

e(t) = 04(t) —0(1);  é(t) = 64() — 6(2) (2)
Biéu dién lai (1) dudi dang phuong trinh cua sai léch goc bing cach thay (2) vao (1):
J(Bs—8)=—a(bs—¢é)+bu 3
Jé+aé+bu—(JOg+aby)=0 (4)
pit: x; = e(t); x; = é(t) (®)
Hé théng (4), (5) duoc viét dudi dang phuong trinh trang thai (6):
Xy = X (6)
. a b .. a.
Xy = —7x2 —7u + <9d +79d)
Thiét ké mat truot S = 0 voi ham truot tuyén tinh: S = x; + Ax, 7)

Dinh Iy 1: Diéu kién dé mot hé thong diéu khién cau tric bién doi hoat dgng trong ché dg truot
trén mat trueot S = x; + Ax, = 0, tir trang, thai ban dau X1sip=g = X1s (0) hgi tu vé‘ trang thai xac
Idp v6 cung bé x; t=1, = X1 (T) latham so A cua mat truot S = 0 phdi théa man dieu kign Hurwitz

N
VA=
x15(0)
Chirng minh:

@) Chimg minh diéu kién Hurwitz: Khi h¢ thong hoat dong trong ché d¢ truot, trang théi ctia hé
thong sé hoan toan nam trén mat trugt S = 0.
S=x1+ A, =06 x; =—Ax, ©x; = —1x% (8)
1 )
ln|x1| = _zt + C
Str dung diéu kién dau x4|;—¢ = x15(0) ta co: € = In|x;5(0) |

1
Tir d6 nhan duoc: In|x, | = —%t + In|x15(0)] = x4 = xls(O)e_it

Két qua gidi tich cho thiy x, 1a ham don diéu va diéu kién dé x; — 0 khi t — co la 1 > 0, do
d6 dé hé thong hoi tu vé trang thai xac 1ap vo cung bé thi A phai théa méan diéu kién Hurwitz.
b) Xac dinh gia tri cia A: O thoi diém xac lap t = T, ta co:
|1y emr, | = (T (10)
Tir 6 nhan duoc phuong trinh (11):
_TS

1
15 (O 2% = Iy (T = 2 = —
In 1\’s

xls(O)
Vi A > 0 nén cong thire (11) ciing cho thay |x; (Ty)| < |x15(0)| dé c6 In

(11)

x1(Ts)

x15(0) <0

Ta ¢6 diéu phai chirng minh =

Nhu vay, néu tdng hop duoc bo didu khién ciu tric bién ddi dé hé thdng cé ciu trdc giam bac
va tré thanh mot hé tu tri thi trang thai cua hé’théng lubn nam ‘trén mat truot S = 0. Véi viéc chon
A > 0 phu hop theo (11), trang thai cta hé thong ludn hoi tu vé mét vo cung bé, co nghia hé (1) va
(2) c6 sai léch bam e(t) — 0.
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Dinh ly 2 (Vé ludt tiép cgn mat triet téng quét):
Ho céc ludt tiép can mdt trieot (12) va mat trueot S = x5 + Ax, = 0, A > 0 dam bdo cho hé (6)
hoat ddng trong ché dg triegt va hoi tu vé 0 véi lugt diéu khién (13)
S=—esgn(§)—y; €>0 (12)
y = £,(S) 1a ham lé, lién tuc va cing ddu véi doi so cia no.

1 .. .

u= i [(] —Aa)x, + gf/sgn(S) + Jy + (]/19d + a/wd)]
Ching minh: ) .
a) Churng minh ton tai ché do truot va sw hoi tu vé 0:
Chon mét ham Lyapunov ¢6 dang V = 0,552 va lay dao ham ctia no:

V=sS (14)
Sau day, ta s& tim diéu kién dé V < 0. Nhu vay, ta s& phai xem xét dén dong hoc ciia mat truot
S, hay n6i cach khac toc d6 hoi tu ciia mat truot.

(13)

Thay S tir (12) vao (14): V = —eSsgn(S) — Sy (15)
Viy = f(S) laham Ié va cung dau vai dbi s6 S nén:
y:{ £,(S) = 0khiS =0 (16)
Sfs(S) > 0khi S # 0

Két hop (15) va (16) cho thay V < 0 VS va V Ia ham ban xac dinh &m. Do vy, V chua phai la

mot ham Lyapunov thuc su. T (15), xét dao ham cap 2 cua V theo thoi gian:
V = —elS] — Sy = V = —el5] - Sy - 2 53

Tir (17) thy rang V 12 mot ham sé phu thudc vao chi mot ddi sé S, cé nghia V = g4 (S).

Do V < 0 VS nénV bi chan, vi thé S bi chan. Do S bi chan nén tir (17) nhan dugc V bi chan, tir
do6 khang dinh dugc V 1a ham lién tuc déu.

Theo bo dé Barbalat V = —¢|S| — Sy — 0, kéo theo S — 0. Nhu vay, ché do truot ton tai.

Khi hé (6) hoat dong trong ché do truot n6 s& tro trhénh mot hé giam bac c¢6 phuong trinh trang
thai chinh la phuong trinh cua mat truot duoc thiét ké: S = x; + Ax, =0

bit Xijpmg = %1 (0) la trang thai ban dau cia hé théng. Giai phwong trinh S = 0 nhan dugc:

_ —1t_ _ x,(0) _1,
X1 =x,(0)e 1; x, =— e 1 (18)

Cong thic (18) cho thiy x;,x, — 0 khi t — oo, c6 nghia trang thai ciia hé thdng hoi tu vé 0.
b) Chimg minh ludt diéu khién:
Lay dao ham bac nhat ham truot va két hop v6i phuong trinh trang thai (6):
. . Aa Ab . Aa . (19)
S=% 4+ %, = (1 ——)xz -——u-+ (l@d +—9d)
J J J
Két hop (19) voi (12) nhan duoc luat didu khién c6 dang (13) nhu phat biéu dinh ly:

(17

1 N .
u= ¥ [(] — Aa)x, + gfsgn(S) +Jy + (],wd + a/wd)]
Ta c6 diéu phai chimg minh m
Nhdn xét:

a) Pinh ly 2 gia thiét rang y = £;(S) 1a mot ham I¢, ¢6 gia tri cting dau voi d6i s S ciia n6. Nhu
vay, trén mat phang toa do 0Sy, do thi ham s6 y = f,(S) doi xtng qua goc toa do va nam trong
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g6c Y4 thir nhat va goc ¥ thir ba. Hinh dang db thi cua y = f4(S) 1a dang tong quét hoa cia db thi
cac ham dau sgn(S), ham bdo hoa sat(S) hay ham tich phan b&o hoa satPI(S).

b) Biéu dién toan hoc (12) dai dién cho mot ho cac luat tiép can mit truot dugc thé hién tryc
quan trén hinh 1 (bén trai). Trong tung thiet ke cu the, nguoi tong hop hé thong s& co nhirng lua
chon luat tiep can mat trugt khac nhau véi y nghia vat ly khac nhau.

1 1
0.5} ] 051
0 (0]
-0.5 1 -0.5}
-1 1
-2 -1 0 1 2 -2 -1 0 1 2

Hinh 1. Biéu dién dé thi ciia cac ham sé y = f£,(S), sgn(S) va sat(S).

3. TONG HQP LUAT PIEU KHIEN VOI MOT SO LUAT TIEP CAN MAT TRUQT
3.1. Ludt tiép cin mit truot véi toc dd khong doi

Luat tiép can mit truot véi toe do khong dbi (20) 1a luat tiép can mat truot co ban va thuong
dugc st dung dé minh hoa nguyén ly diéu khién truot. Luat tiép can nay sir dung ham dau sgn(S)
dé tao tin hiéu diéu khién chuyén mach. Uu diém cua luat nay 1a sy don gian. Song néu e qua nhé
thlrthO’I gian tiép can mat trugt s rat 1au; con Ighl £ qug I6n s& gay ra hién tuong chattering. D& han
che chattering, mot s6 nghién ciru da thay thé ham dau béi ham bdo hoa, ham tich phan bao hoa
hay ham bao hoa mo, hoac diéu chinh thich nghi tham s6 & [11].

S = —esgn(S),e >0 (20)
Chon mét ham Lyapunov V = 0,552 va lay dao ham cua V theo thoi gian:
V=SS (21)

Thay (20) vao (21) nhan duoc:
V = —eSsgn(S) = —¢|S| <0 (22)
biéu kién (22) cho théy V la mot ham ban xdc dinh &m nén chua dam bao V 1a mot ham
Lyapunov thuc sy dé khang dinh hé thong 6n dinh tiém can.
Xét dao ham cap hai cua V theo thoi gian:
V = —e|$| = —e?|sgn(s)| = {2, 0} (23)
Cong thirc (23) cho thay ¥/ bi chin nén 17 1a ham lién tuc déu. BO dé Barbalat dam bao V — 0,
kéo theo S — 0. Nhu vay, khi hé thong nam trén mat truot thi trang thai caa hé e(t), e(t) - 0.
Dé téng hop luat didu khién, tir (7) ta co:
5=<1—/1]—a)x2—/1]—bu+(/19'd+/1]—a9'd) (24)
Keét hop (20) véi (24), tir d6 luat dieu khién (25) tong hop dugc la:

1 .. .
= [ = Aa)x, + &/sgn(S) + (JAG, + a1by)|

3.2. Luit tiép cin mit trwgt hAm mii
Luat tiép can mat trugt ham mdi dugc st dung trong nghién cau [12]. Ban chat cua lujt tiép can

nay o cho lam cho trang thai cua hé thong tiép can mat truot nhanh khi S 16n, c6 nghia lam cho
toc do tiép can mat trugt nhanh hon khi trang thai hé théng & xa mat trugt.

S =—esgn(S) —kS,e >0,k >0 (26)

(25)
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Thay (26) vao (21):

V=—¢|S|—kS2<0 (27)
Diéu kién (27) chi dam bao V 1a mot ham bén xac dinh @m nén V chua phai 1a mét ham
Lyapunov thuc su. Tir (27), tinh dao ham cap hai caa V:
V= —elS| - 2kSS (28)
V = —¢elesgn(S) + kS| + 2¢k|S| + 2k?S? (29)
Do V < 0 nén V bi chan, vi thé S bi chan, kéo theo ¥ bi chan nén V 1a ham lién tuc déu. Bo dé
Barbalat cho phép két luan V — 0, kéo theo S — 0. Nhu vay, khi h¢ théng nam trén mat truot thi
trang thai ctia hé e(t), é(t) — 0. Két hop (26) véi (24) duoc luat diéu khiéen (30)
1 .. . 30
= ¥ [(] —Aa)x, + gfsgn(S) + JkS + (]/wd + a/19d)] (30)
3.3. Luit tiép can mit trugt véi toc df liiy thira
Lua‘g tiép can mét trugt voi toc C;IC) [ty thura gﬂa hém trugt dugc st dung trong nghién cuu [1].
Ban chat cua luat tiép can Ilé.’y 0 cho lam ting toc do ti’ép can ‘khi trang thai hé thc}ng xa mat truot.
Tuy nhién, no6 giam toc do tiép cén khi trang thai hé thong ¢ gan dén mat truot. Két qua 1a hé thong
¢6 ché do truot nhanh va han ché dang ké chattering.
Luat tiép can mat truot voi toe do liy thira c6 biéu dién nhu (31).
S = —esgn(S) — k|S|*sgn(S),e >0,k >0,1>a >0 (31)
Thay (31) vao (21):
V=—¢|S|—k|S|**1 <0 (32)
Diéu kién (32) méi chi dam bao V 1a mot ham ban xac dinh &m nén V chua thé 1a mot ham
Lyapunov thuc su. Tir (32), tinh dao ham cap hai cua V:
V =2+ ek|S|* + ek(a + 1)|S|%sgn(S) + k?(a + 1)S?*sgn(S) (33)
Do V < 0 nén V bi chan, vi thé S bi chin, kéo theo ¥ bi chan nén V 13 ham lién tuc déu. B dé
Barbalat dim bao V — 0, kéo theo S — 0. Nhu vy, khi h¢ thong nam trén mat truot thi trang théi
cua hé e(t), é(t) — 0. Két hop (31) véi (24) ¢ dugc luat dieu khién (34):
1 o , . (34)
= [(J — 2a)x, + €/sgn(S) + kJ|S|%sgn(S) + (JAb, + arby)]

4. MO PHONG PIEU KHIEN CHUYEN PONG BAM GOC QUAY CUA QUADROTOR
4.1. Tham s6 ciia d6i twong md phéng
Theo [5-7, 9, 10], dong luc hoc cua Quadcopter dugce biéu dién bai hé 6 phuong trinh vi  phén,
mo ta cic chuyén dong tinh tién theo va quay quanh cic truc toa dd Descarters. Voi UAV céu triic
chir thap, m6 men quén tinh theo truc OXs va OYs c6 thé thiét ké dé bang nhau (I, = I ). Thém
nita, Néu chi xem céc thay doi géc roll ¢ va goc yaw  quanh Ian can 0 thi ¢6 thé rit gon phuong
trinh md ta chuyén dong gdc pitch 6 nhu sau:
{ély — I, cos(8) + Y*(I, — I,) cos(6) sin(0) = ug (39)
ug = (Fy — F3)/1
Ta thay rang hé phuong trinh (35) c6 dang giong hé (1). Bé md phong minh hoa chat lugng cia
cac luat diéu khién trén, bai bao gia dinh phuong trinh chuyén dong lién quan dén tu thé chdc ngoc
6 cua Quadcopter c6 mo ta (36):
6(t) = —256(t) + 133uy(t) (36)
bat cac trang thai x; = e(t); x, = é(t) la sai léch goc e(t) = 0,(t) — 0(t) va dao ham cua
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sai léch goc é(t) = 0,4 (t) — 6(t), hé théng (36) duoc viét dudi dang phuong trinh trang thai (37):
5(1 =Xy
{xz = —25x, — 133ug + (64 + 250,)
4.2. M phéng véi bd diéu khién (25)
Chon tham sé b diéu khién: A = 15;¢ = 5.

(37)

0.06 0]
E o004 5
Z »
~ 0.02 =
< -10
s g
N—r [
<§ é\' -15
<~ -0.02¢ 20
= -0.04
= ’ 1 2 3 4 5 0 0.5 1 1.5
Thoi gian (s) x, (rad)
Hinh 2. Tin hiéu diéu khién va quy dao trang thdi hé thong vaoi ludt (25).
5 Dit: 6
~ =] at:
S at: bg
© §, ---------- Thyc: 0
= = o5
g g
(o L
o o o
8 N
o O _0.5 L
0 1 2 3 4 5 o 1 2- . 3 4 5
Thoi gian (s) Thoi gian (s)

Hinh 3. Pdp itng ciia hé thong véi ludt diéu khién (25).

4.3. M phong véi b diéu khién (30)
Chon tham s6 bo diéu khién: A = 15;& = 5; k = 10.

2

A
6}

o
o

o
O

Tin hiéu u, (Nm)
x, (rad/s)
3

1 2 3 4 5 o 0.5 1 1.5
Thoi gian (s) x, (rad)
Hinh 4. Tin hiéu diéu khién va quy dao trang thai hé thong véi ludt (30).

1
. = |:cht: 6,
-(.é E :- .......... Thl_/t‘C: 2]
= > 0%
> [3+]
[15] >
S o Ll
o o H
3 3
O -0.5
[0} 1 2 3 4 5
Thoi gian (s) Thoi gian (s)

Hinh 5. Pdp iing ciia hé thong voi ludt diéu khién (30).
4.4. M6 phéng véi bd diéu khién (34)
Tham s6 bo diéu khién: 2 = 15;¢ = 5; @ = 0,5; k = 10.
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-10 |

-15 |

x, (rad/s)

-20 1

> 3 o 0.5 1 1.5
Thoi gian (s) xq (rad)
Hinh 6. Tin hiéu diéu khién va qu

Tin hiéu u, (Nm)

dao trang thai hé thong voi ludt (34).

'\<1

1 1

= = Pat: 0,
g os s O s Thyc: 6
N—r N 0.5
g o )
> >
S os Dat: 6, S or
o | L Thyc: 6 \Q
o O s
(o} 1 2 3 4 5 o 1 2 3 4 5
Thoi gian () Thoi gian (s)

Hinh 7. Pdp itng ciia hé thong véi ludt diéu khién (34).

Nhén xét: Luat diéu khién (25), (30), (34) voi luat tlep can (20), (26), (31) tuong ng dua hé
thong vao ché do truot va dam bao trang thai ciia hé thong hoi ty vé 0. Binh 1y 2 da dugc kiém
chung. Xem xét dap tmg ctia hé thong véi 8, = 1(t) thdy rang trang théi bat dau vao ché do truot
x; = 1,5 rad hoi tu vé trang xé&c 1ap x; = 0,005 rad. Theo Pinh 1y 1 ta tinh dwoc A = 15. Nhu
vay, Dinh 1y 1 da duoc kiém ching. Luat diéu khién (34) dam bao tin hiéu diéu khién tron hon
lut (30) va (25); hién tuong chattering dugc cai thién hon. Tuy nhién, thoi gian xdc 18p voi luét
(34) mic du nhanh hon nhiéu so véi luit (25) song chm hon 0,8s so voi luat (30). Nhu vay, viée
thoa hiép giita chong rung va thoi gian xac 1ap van 1a bai toan can dugc tiép tuc nghién ctru.

5. KET LUAN

Bai bao trinh bay nhing két qua nghién ctru méi cho phép tham sO mit truot tuyen tinh dugc
lugng hoa bang thoi gian xac lap va sai s6 mong muon trong hé thong diéu khién co6 cau tric bién
dbi. Bai bao ciing da dé Xuat luat tiép can mat truot tong quat va chimg minh dleu kién ton tai ché
do truot bang tiéu chuan on dinh Lyapunov va bd dé Barbalat. Mot 6 luat tlep can mat trugt cu
thé duoc vién dan va ching minh chét ché vé mit toan hoc, dam bao ton tai ché do truot va trang
thai cia hé thong hoi tu vé 0. M6 phong diéu khién mot kénh chuyén dong gia dinh cua Quadcopter
dugc thyc hién trén Matlab da thé hién truc quan, ¢6 so sanh mot so lut tiép can mat trugt Khac
nhau. Két qua nghién ctru ciing cho thdy hoan toan c6 thé tdng hop bd diéu khién céu triic bién doi
v6i ludt tiép can mit trugt phi hop. Nhitng nghién ciru tiép theo c6 thé phat trién cac luat tiép can
mat truot méi, két hop véi ki thuat didu khién trugt thoi gian hiru han dé dam bao su hoi tu hitu
han cho hé thong.

TAI LIEU THAM KHAO

[1]. Hung JY, Gao W, Hung JC., “Variable Structure Control: A Survey”, IEEE Transaction on
Industrial Electronics, 40(1): 2 22, (1993).

[2]. Edwards C, Spurgeon S., “Sliding Mode Control: Theory and Applications”, London: Taylor
and Francis, (1998).

[3]. Jinkun Liu and Xinhua Wang, “Advanced Sliding Mode Control for Mechanical Systems: Design,
Analysis and MATLAB Simulation”, Tsinghua University Press, Beijing, (2012).

[4]. Vu Quoc Huy, “Asymptotic stability of dynamical systems with Barbalat’s Lemma and Lyapunov
function”, Journal of Military Science and Technology, No. CSCES6, pp. 122-30, (2022).

Tap chi Nghién citu KH&CN qudn sw, Sé Péc san FEE 2024, 27-34 33



Diéu khién — Tw dpng hoa

[5].
[6].
[7].
[8].
[9].

Hoang Van Huy, “Nghién citu, xdy dung hé diéu khién cho mét I6p hé truyén dong dién phi tuyén chika nhiéu
dong co cé lién hé rang budc img dung diéu khién quadrotor”’, Luan 4n TSKT, Hoc vién KTQS, (2019).
Pao Vian Hiép, Tran Xuan Diéu, Phung Thé Kién, “Mé hinh héa dong luc hoc Quadrotor”, Hoi nghi
toan qudc vé Piéu khién va Ty dong hod - VCCA-2011, (2011).

Hoang Vin Huy, Nguyén Dang Toan, Nguyén Van Lanh, “Piéu khién logic mo Quadrotor”, Tap chi
Khoa hoc va cong nghé, Tap 59, Sb 4, (2023).

A. Melboues, Y.Tami, A.Guessoum and M.Hadjsadok, “UAV Controller Design and Analysis Using
Sliding mode Control”, (2010).

Holger Voos, “Nonlinear Control of a Quadrotor Micro-UAV using Feedback-Linearization”,
Proceedings of the 2009 IEEE International Conference on Mechatronics, Malaga, Spain, (2009).

[10]. S.Bouabdallah, P.Murrieri, and R.Siegwart, “Design and control of an indoor micro quadrotor”, in

Proceedings of The 2004 IEEE International Conference on Robotics and Automation, Vol. 5, New
Orleans, LA, pp. 4393 — 4398, (2004).

[11]. Huy, V.Q., Binh, T.N, “Adaptive Terminal Sliding Mode Control by Identifying Uncertain and Mutated

Disturbance with Reference Model”, J. Electr. Eng. Technol. Vol. 15, pp. 1789-1796, (2020).

[12]. Nguyen Thi Thu Thao, Vu Quoc Huy, “Sliding mode control with exponent sliding surface-reaching

law in the tracking drive systems using synchronous servo at torque-position mode”, Journal of Military
Science and Technology, No. 80, pp. 31-38, (2022).

ABSTRACT

Synthesizing electrical drive control system
with several sliding surface reaching laws applied to manipulate Quadcopter

This paper studies the stability of a variable structure control system operating in sliding
mode using Lyapunov criteria and different sliding surface reaching speeds. This is a new
research result that allows quantifying sliding surface parameters thanks to the system’s
settling time and desired error. The paper also proposes a method for synthesizing a
variable structure controller using a general sliding surface approach law and specifying
some derivatives of the general sliding surface reaching law. Some simulations of
controlling a Quadcopter motion channel have been performed in Matlab to demonstrate
the proposed research results.

Keywords: Variable structure control; Lyapunov stability; Sliding surface reaching law; UAV Quadcopter.
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