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DIEU KHIEN ON DINH DUONG NGAM CHO DAI QUAN SAT
PAN-TILT TREN PHUONG TIEN MAT NUGC KHONG NGUOI LAI
BANG THUAT TOAN ADRC THiCH NGHI KET HOP SMC

LIGHT OF SIGHT STABILIZATION CONTROL OF PAN-TILT OBSERVATION PLATFORMS ON USV
USING AN ADAPTIVE ADRC ALGORITHM COMBINED WITH SMC
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TOM TAT

Bai todn &n dinh dudng ngam (LOS) cho dai quan sat dét trén phuong tién co ddng néi chung va phuang tién mét nudc khong nqudi 1ai (USV) néi riéng la
mdt trong nhiing bai toan diéu khién phd bién. Trong s6 cac ky thudt duoc sir dung thi diéu khién loai bé nhiéu chi dong (ADRC) va diéu khién trugt (SMC) dugic
u tién vi ching déu la cc gidi phap x& Iy nhiéu va bat dinh mo hinh. Trong khi ADRC ndi bat véi kha néng udc tinh va bu trir nhiéu chd dong con SMC thi lai dugc
danh gid cao vé tinh bén viing trudc nhiéu va bat dinh. Khi két hop ADRC va SMC c6 thé dam bdo tén dung dugc uu diém cla ca hai, va gidm bét nhiing han ché
clia chiing, nghia a khi ADRC d udc tinh va bt nhiéu hiéu qua thi nhiém vu cta SMC la 6n dinh phan sai léch con lai. Khi d6, hé théng vira dép ting nhanh hon
lai gidm b6t nang lugng du thita cla diéu khién chuyén mach va han ché su chattering ctia hé thdng. Bai bao nay xay dung mdt b diéu khién ADRC thich nghi
két hap véi SMC qua dd ndng cao hiéu suat tong thé cia bai toan 6n dinh dutng ngam trén USV.

Tirkhéa: USV, LOS, on dinh LOS, ADRC, SMC, ADRC két hop SMC.

ABSTRACT

The problem of stabilizing the line of sight for observation stations mounted on mobile platforms in general, and on Unmanned Surface Vehicles (USVs) in
particular, isa common control problem. Among the techniques used, Active Disturbance Rejection Control (ADRC) and Sliding Mode Control (SMC) are prioritized
as they both provide solutions for handling disturbances and model uncertainties. While ADRC stands out for its ability to actively estimate and compensate for
disturbances, SMCis highly regarded for its robustness against disturbances and uncertainties. Combining ADRC and SMC can leverage the advantages of both
methods and mitigate their respective limitations. This means that once ADRC effectively estimates and compensates for disturbances, the role of SMC is to
stabilize the remaining error. Consequently, the system not only responds faster but also reduces the excess energy associated with switching control and
minimizes system chattering. This paper develops an adaptive ADRC controller integrated with SMC to enhance the overall performance of the line-of-sight
stabilization problem for USVs.

Keywords: USV, LOS, LOS Stabilization, ADRC, SMC, ADRC combined with SMC.
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1. GIGI THIEU tac gid théng thudng st dung vector dudng ngdm dé

Bai toan diéu khién 6n dinh duding ngdm dugc nhiéu lam muc tiéu 6n dinh, theo d6 trong nghién ctu [1], tac
tac gia nghién cdu véi tinh tng dung rong rai dic bigtla  9ia st dung ham sai léch la dang phép trir gitra duong
trong linh vuc quéc phong an ninh [1, 2]. Trong d6, cac ngadm mong mudn va dudng ngam hién tai, muc tiéu la
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khién cho sai léch nay tién vé 0. Trong nghién ctu [2],
tac gia lai dung tich c6 hudng cua 2 vector nay dé xac
dinh sai léch duong ngam. Khi dé néu hai vector duong
ngam song song thi tich cé huéng cla ching bang 0.
Trong thuc té, viéc kéo sai léch vé 0 khéng phai théng
qua mét budc duy nhat, dac biét trong diéu kién nhiéu
dong lién tuc. D6 la bai toan vong ngoai déng hinh hoc,
khi xac dinh dugc dau vao diéu khién (cé thé dya trén
sai léch dudng ngdm) do sé tra thanh gia tri dat cho mot
vong diéu khién bén trong.

Khi d6 dé diéu khién vong trong, mot sé tac gia ung
dung diéu khién trugt dé diéu khién cac co cau 2 bac pan-
tilt trén phuong tién co dong [3-6] dé tan dung dugc tinh
bén viing clia phuong phép trudc nhiéu va bat dinh mé
hinh. Trong d6, cac nghién cdu [4, 6] iing dung vdi cac dai
quan sat quang dién t trén cac phuong tién co déng
trong qua trinh van déng, trong khi nghién cutu [5] ing
dung cho ca cau diéu khién truc ti€p héa luc vai nhimg
dac diém riéng cGa mot hé théng quan tinh I16n va yéu
cau én dinh khéng ndm trong qua trinh van déng ma sau
méi 1an khai hda. Dac diém chung ctia nhiing nghién cdu
nay la tan dung dugc tét tinh bén viing cla diéu khién
trugt vao cac bai todn riéng biét.

Mét s6 khac lai tng dung bé diéu khién ADRC véi kha
nang dap Ung nhanh do s dung cac bo udc lugng ESO
va bu nhiéu chu déng [7-9]. Trong d6, nghién cuu [7] da
phan tich cac nhiéu ngoai sinh tac dong lén hé théng
servo pan-tilt trén xe tu hanh. Cac tac gia da s« dung moé
hinh d6 g6 ghé ca dudng va mo hinh xe bay bac tu do
dé mé ta nhiéu. D€ bu tri nhiéu va nang cao kha nang
nhan biét moéi trudng clia xe tu hanh, bd diéu khién ADRC
da dugc dé xuat va ap dung. Trong nghién ctu [8], tukasz
Réwienicz va cong su da tap trung vao viéc én dinh céc
hé théng dudng ngam hai truc st dung ADRC. Nghién
cliu nay trinh bay mét céach ti€p can téng quat hon vé
ADRC cho 8n dinh LOS ma khéng di sdu vao chi tiét mo
hinh nhiéu cu thé. Nghién ctru [9] nhan manh viéc bu tri
nhiéu dua trén thong tin IMU vé trang thai cda than xe,
cho thay nhiéu con lai ma ADRC can xur ly c6 thé lién quan
dén cac yéu t6 khac hoac d6 chinh xac con thiéu sau bu
trur co ban.

Tuy nhién néu nhu nhiing phuong phap diéu khién
trugt sé dé gay ra lang phi nang luong hoac hién tuong
chattering thi ADRC lai tuong d6i phu thudc vao chat
lugng clia bé udc lugng ESO va nhu trong nghién cuu [8]
da chi ra, viéc bu trur tuyét d6i gan nhu bat kha thi. Tu
nhiing diém nay, bai bao dé xuat st dung bé diéu khién
két hgp ADRC va diéu khién trugt d€ ap dung cho bai toan
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én dinh dudng ngdm cho hé théng quang dién tdr dat
trén USV. Gidi phap nay c6 thé tan dung dugc nhimng
diém manh cla ca hai phuong phap, déng thdi han ché
dugc nhiing diém yéu cla ca hai khi dp dung.
2. BAI TOAN ON PINH VONG NGOAI CHO PUONG
NGAM TREN USV

Trong nhiéu hé théng quang dién tir dat trén phuong
tién co dong ndi chung va USV ndi riéng vi tri dat IMU cé
thé 1a khac nhau, moét s6 dat trén san tau, mot s6 dat truc
ti€p trén truc tilt cta dai quan sat dé dam bao kha ning
dn dinh dudng ngdm nhanh nhat. M6 hinh dugc st dung
trong bai bao nay ap dung cho IMU dugc dat trén truc tilt.
Khi dé, IMU sé do dugc van téc goc thuc ctia dudng ngam.
Gia st, dua vao cac théng tin da biét (chi yéu la IMU) cé
thé xac dinh dugc dudng ngdm thuc 1 va dudng ngdm
mong mudn 1, khi d6 sai léch ctia dudng ngdm dugc xac
dinh bai:

e=1xl, M

Khi d6, muc tiéu cda bai toan 6n dinh la khién cho
I = 0 ma vai vi tri dat ctia IMU thi thuc t& IMU truc tiép do
van toc goc ctia dudng ngam hay:

I = @iy x1 )

Phuong trinh (2) thé hién rang néu thay déi dugc Wimy
thi c6 thé diéu chinh dugc 1. Khi d6, néu xéac dinh vong
ngoai vGi dau vao diéu khién mong mudn:

wps, = ke v6ik>0 (3)

Cé thé 6n dinh dugc dudng ngdm cho hé pan-tilt trén
USV. Thuc vay, chon ham Lyapunov:

V=-eTe>0 (4)
Khi d6 dao ham cuta V-

v=cele (5)
Trong d6, giad dinh 1, thay d&i cham, thi theo (2) :
é=1x1 = (@i, xD x1, 6)
S dung d6ng nhat thiic vector, ta thu dugc:

é = (I wim)l = ATD Wiy 7)
Thay vao V:

V = e[ 0imu)1 = (07D 0jpmy] (8)

Trong d6, do phép tich cé hudng tao ra vector vudng
gdc véi vector thanh phan nén:

ell=(1Ux1)T1=0 )
Khi d¢, (8) tr& thanh:
V =—-1"De ojmy (10)

Trong thuc té goc léch gitia 1 va 1, thuong khéng I6n,
hay:
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1”1 =coq6) >0 (11)
Khi d6, néu ap dung luat (3) (khi @iy, = ®res,) va
phuong trinh (11) vao (10), ta thu dugc:
V =—kcos(®)|ell?<0 (12)
Trong thuc t&, co cdu pan-tilt chi c6 2 bac do vay dé
dap ting dugc wygs, ta chi€u 1én mat phdng vudng goc
vGi dudng ngdm dé lay gia tri yéu cau cla van téc goc
pan-tilt wp, (tU van téc géc cla dudng ngam yéu cau
Wyps,):
(13)
Trong khi d6, chuyén déng clia hé pan-tilt sé bao gom
hai thanh phan tao nén:
0 —si ﬁqp)
Wpt = Wp + 0= [0 cogg]
1 0
VGi gy, q; la cac géc quay hién tai clia cac truc pan va

0wy, = I =1 oyes,

[g’:] = Ju(@a (14)

[

truc tilt, conq = [Qt]'
Nhu vay néu nhu c6 dugc gia tri van téc goc pan-tilt

mong mudn wy,, c6 thé xac dinh dugc van téc goc mong

muén cua ting truc q,:

4. = Ji (@, (15)
Trong dé, ], (q) la ma tran gia nghich dao ctiaJ,, (q).
Vong diéu khién thi 2 sé can bam theo gia tri yéu cau

., day cling la trong tam cla bai bdo véi viéc ing dung

thuat toan ADRC thich nghi két hgp SMC.

3. THUAT TOAN PIEU KHIEN ADRC KET HOP SMC

THICH NGHI CHO PIEU KHIEN VONG TRONG ON DINH

DUONG NGAM
Trong hé théng diéu khién én dinh dudng ngam cla

bé pantilt khi s dung bo diéu khién ADRC thi cau trc
dugc thé hién trong Hinh 1, trong d6 cac thanh phan
chinh can cé sé bao gbm ¢6 B quan sét trang thai ma
rong ESO va Bo diéu khién c6t 16i (core controller - c6 thé
la PD, SMCQ).

3.1. M6 hinh déng luc hoc hé théng pan-tilt
Xét mé hinh déng luc hoc cla bé pantilt [9]:
M(q)q+C(q@)q+G(@ =T+ 14

Ipan, +/1(q) O

(16)

Voi:  M(q) = 0 I, (17)
Clq@ =
0 Uz — 1) 51620,) G a8
~(Uzz = L) 51 6241) G 0
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0
Gl@) = [mtiltglc si I'qt] (19)

Trong d6: J;(q;) = Ly sim? + I, cosq;? (20)
va Ly, Iy, I, la céc moment quan tinh quanh cac truc X,
Y va Z.Con Iqp,, la moment quan tinh riéng ctia dé pan,
Meie 12 khoi lugng clia dai quan sat dat trén truc tilt, I, la
khoang cach ti truc tilt dén trong tdm cdia dai quan sat.

Khi d6 c6 thé chuyén (16) thanh:

4=M"(q)(t+1—C(q,Pq— G(q))
3.2. B0 quan sat trang thai mé rong (ESO)

(21)

Dat x; = q;X2 = q va X3 = fora1la tdng nhiéu tac
donglén hé théng, khidé x = [x4,X5,x3]7 la vector trang
thai ma rong cla hé thong.

Khi d6 muc tiéu cda ESO la udc lugng vector trang
thai ® = [R,,R,,%3]7.

Phuong trinh Linear ESO (LESO) cho tung kénh
(Pan/Tilt):

‘ X1 =R, +B1(y —%9)
X = ﬁ‘s +bou + B2 (y — Xq)
X3 = B3(y —Xq)
trong do, y la dau ra do dugc tir IMU/Encoder, u la tin
hiéu diéu khién (hodc nhu trén (21) 1a ©).

(22)

Thay vi chon B4 , B2, B3 ta chuyén sang dung mét bién:

ﬁli = 30‘)0,;’ ﬁZi = 30)3,;':83 = (1)(3,,: (23)

Khi d6, chi can chinh mét tham s6 duy nhat la

T

W, = [wop,wot] (Observer Bandwidth).

* w, cang lén thi udc lugng cang nhanh nhung nhiéu
cang nhiéu.

e w, cang nho thi udc lugng cham (tré pha) nhung
Muot.

Khi chon dugc w, phu hop thi sai sé udc luong
X, = Xj — X, sé& bi chan.
3.3. Bd diéu khién ADRC co ban

Trong khéng gian trang thai mé& réng c6 thé mo ta
riéng ting truc pan-tilt nhu sau:

4; = ftotali(q' q, Wysy) + bo,iui

VGi i ing vdi cac chi s6 pan hoac tilt.

(24)

Khi bé ESO quan sat dugc trang thai mé réng X5 s
dung luat tach kénh va bu nhiéu cht dong:

u; = bos (25)

Khi d6, anh hudng cla nhiéu dugc triét tiéu xap xi, va
dong hoc hé quy vé dang tich phan kép ly tuang:

G; = U, (26)
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1

1. Quy Pao yéu cau
(Reference)

r, r_dot, r_ddot

l

BO DIEU KHIEN (Digital
Controller)

4. B6 Quan Sat MIMO ESO
(State Observer)

1

\

u (Tau)- Tin hiéu didu khién

——— v v

)

x3_hat - Nhiéu wéc

x1_hat, x2_hat

v

5. Bo Loc Nhiéu
(Low-Pass Filter)

2. B4 Diéu Khién SMC
(Adaptive/PD Controller)

x3_filtered

u_smc Pau ra diéu khién

J

3. Khéi Tach Kénh
(Decoupling Matrix BO_inv)

y - G6c/Van tée do duoc

Tau (u)

THUC TE (Physical

v

Séng & Chuyén dong Tau

Drive & Motor

Nhiéu r.ung lac

Torque

v v

6. Co hé Pan-Tilt
(Plant Dynamics)

Chuyén dong thuc

IMU & Encoder

Hinh 1. Cau triic hé théng vdi bd diéu khién ADRC
Tin hiéu diéu khién danh dinh u,; dugc thiét ké theo

cau truc PD:

uO,i = ("I'd + KDi(Qdi - 56\2,;) + KPi(qdi - 56\1,;)

Trong do6:

(27)
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* %4,%, la trang thai udc
lugng tur ESO,

e Kp, Kp la cac hé sé diéu
chinh déng hoc kin.

Nhan xét:

Cau trac PD-ADRC hoat
doéng hiéu qua khi nhiéu c6
tinh hang hodc bién thién
cham. Tuy nhién, trong diéu
kién nhiéu dao déng nhanh
(nhu séng bién), sai s6 udc
lugng ctia ESO ludn ton tai:

A(t) = f(t) — f(t) # 0 (28)

Khi d6, hé chi dat 6n dinh
bi chan (bounded stability),
va sai s6 bam khong thé triét
tiéu hoan toan. Do vdy can cé
giadi phap t6t hon PD trong
viéc két hop véi ADRC, va
SMC la moét gidi phap tiém
nang.

3.4. B diéu khién ADRC két
hop SMC

Sau khi bu nhiéu bang
ADRC, d6ng hoc thuc té cla
hé c6 dang:

G=uy+A (29)

vGi A la sai s6 udc lugng
con lai cda ESO.

Véi diéu khién PD, day
tuong duong mot hé 16 xo
chiu kich thich cuéng buc
A(t), do d6 sai s6 sé dao dong
quanh gdc toa do. DE xur ly,
b6 diéu khién PD dugc thay
thé bang diéu khién truot.

DPinh nghia vector sai s6
bam:

e=qq—q (30)

Chon mat truot cho hé hai truc:

S=é+Ae
trong do:
*S=[s1 s]",

e A= dlag(ﬂ.l, /12),

(31)

e 1; > 0 ddm bdo tinh xac dinh duong.
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Lay dao ham theo thdi gian:

S=6+Ae

Vi:

&=ig—§

nén:
S=(4q—§) +Ae
Do dé:

S=q,— (uy+A4) + Aeé

Luat diéu khién Sliding Mode dugc thiét ké:

uy, = 4g + Aé + Ksgn(S)

trong do:

e K = diag(K;, K;) la ma tran do lgi,
« sgn(S) = [sgn(s;) sgn(s,)]"-
Thay vao phuong trinh S:

S =@y — (dg + Aé + Ksgn(S) + A) + Aé
Rut gon:

S = —Ksgn(S) — A

bay chinh la dong hoc mat truot.
Phan tich n dinh Lyapunov

Chon ham Lyapunov Ung vién:

V(s) = %sTs = %(sf +s2)>0

Lay dao ham theo thdgi gian:

v =5T$

Thay dong hoc mat truot:

V = ST(—Ksgn(S) — A)

Trién khai theo tiing phan tar:

V =Xisi (=Kisgn(sy) — 4;)

V= Zizzl(_KiSisgn(si) - sib;)

Vi:

sisgn(s;) =1 s; |

nén:
V=301(=Ki | si | =s;4)
Ap dung bat dang thuc:

—s;A; <I's; 11 4; |

suy ra chan trén:

V<3E (=K Isp | +ls 114, 1)
VY2, —Is; | (Ki—14; D

Dé ddm bdo V < 0 véi moi S # 0, can:
K; > A;(t) 1,i =12
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(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39

(40)

(41)

(42)
(43)

(44)

(45)

(46)

(47)
(48)

(49)

Khi diéu kién nay dugc thoa man:
V<-nY2,ls;l=—n1SI,<0 (50)
véin > 0.

Do d6 hé dat 8n dinh tiém can toan cuc theo Lyapunov.
3.5. B diéu khién ADRC két hgp SMC thich nghi

Bo diéu khién SMC dugc cho béi (36) c6 mot yéu diém
¢6 hiru dé 1a diéu kién (49), tuc la dé 6n dinh dugc thi can
xac dinh cac hé sé K; c¢6 dinh 16n hon cac sai léch udc
lugng A;(t) bién thién theo thai gian va dac biét la theo
diéu kién ctia méi trudng (nhiéu téng céng). Nhu vay khi
st dung sé can xac dinh cac hé s6 K; c6 dinh I6n hon
max A; (t), khi d6 néu chuyén sang trudng hop A; (t) nho,
cac hé s6 16n nay sé gay ra hién tugng chattering 16n. Va
dé la ly do can phai diéu chinh K; theo d6 I6n ctia A (t).

Ngoai ra, trong thuc té sai sé udc lugng A;(t) thuong
ti 1& thudn véi nhiéu téng cong, tuc 1a khi nhiéu I6n thi
ESO kho bam hon va sé gay ra sai s6 udc lugng 16n, khi
nhiéu nhé thi ESO sé dé bam hon va gay ra sai s6 uSc
lugng nho.

Do vay c6 thé dung chinh &3 lam tham s6 thich nghi,
khi d6 luat thich nghi dé xuat:

Kadap = Kpin + . |LPF(5&3)| (51)

Trong d96, K, d@m bao én dinh co ban; LPF(X3) la
tin hiéu udc lugng 3 qua bo loc thong thap véi muc dich
tranh khuéch dai nhiéu do ludng.

VGi cach thiét ké hé s6 (51) hé théng sé tu dong tang
hé s6 khuéch dai khi cé nhiéu I6n va giam khi nhiéu nho,
ngoai ra viéc diéu chinh d6 cing gidm hién tugng
chattering va tiét kiém nang lugng.

4. MO PHONG VA KET QUA

D& danh gia chat lugng bd diéu khién ADRC-SMC
thich nghi dé xuat (AAS), cac bo diéu khién ADRC-PD (AP)
va ADRC-SMC (AS) ciing dugc xay dung trén cung hé
théng dé ddi chiéu. Cac tham s6 hé théng dugc cho bai
bang 1.Hé théng dugc mé phong trén méi trusng Matlab
Simulink.

Quy dao yéu cau dugc cho bai cac phuong trinh sau
(v&i muc tiéu dé tinh toan dao ham):

s
Ty
T . (52)
1 =15x—sint
18 0

Tham s6 bo diéu khién PD véi Kp = 100,K, = 20;

tham s6 bo diéu khién ADRC-SMC: A =201,
K = [25,25]7; tham s6 bd diéu khién ADRC-SMC thich
nghi: A = 20 # I kg = [15,15]", & = [02 001].

HaUl Journal of Science and Technology | 35



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

Khi d6, két qua mé phong dugc cho béi cac hinh 2 +
5, trong d6, hinh 2 thé hién gia tri clia goc cla truc pan,
tilt that va goc clia quy dao yéu cau, hinh 3 thé hién sai
léch bam cac goc yéu cau nay.

Goéc [as]

Bang 1. Cac tham s6 hé thong

[—As: sailech pan
Tham s6 Kyhiéu | Giatri Don vi g | "
Khdi luong tai Myt 30,0 kg s Wi
Khoang léch trong tam I, 0,2 m
Quén tinh quanh trucX Ly 08 kg - m? . i i i | i :ﬁ‘iZIEﬁEZﬁ":
Quéntinh quanhtrucY | Iy, 15 kg - m? g‘)‘ ]
Quén tinh quanh tryc Z I, 12 kg - m? S
Quén tinh truc Pan Lyan, 1,0 kg - m? Thm e [i]
Gia toc trong tréng p 981 mys? Hinh 3. Sai léch bam cia 3 bg diéu khién
W ; ; '
Heé s6 ma sét nhét b 05 | N -m -s/rad s

T
—Qiy dao yéu ciu:pan
20 —Qly dao yéu cau: tilt
- AAS: pan A0
-+ AAS: ilt

I I
0 2 4 6 8 10 12 14 16 18 20
Thaoi gian [s]

T
—Quy dao yéu cu:pan
—Quly dao yéu cautilt
== AS: pan

e AS: it

0 2 4 6 8 10 12 14 16 18 2
Thoi gian [s]

Hinh 4. Uéc lugng nhiéu cla ba b diéu khién

Vi két qua cho bai hinh 2 va 3 cé thé thay sai léch bam
cla thuat toan ADRC-PD (AP) rat yéu khi so véi ADRC-SMC
(AS) va ADRC-SMC thich nghi (AAS). Déng thai sai léch
bam quy dao clia AS va AAS gan nhu tuong duong. D&
lugng héa chinh xac han, Hinh 5 sé thé hién RMSE cUa sai

Goc [d9]

léch bam.
e _— Trong khi d6, hinh 4 thé hién gia tri clia 3 cta 3 b
B i g . IS il diéu khién, trong d6 AAS st dung tin hiéu da dugc loc qua

b6 loc théng thap. DE kiém chiing mét cach chinh xac
nhat cac RMSE cla %3 va sai Iéch bam trong 20s mo
phdng dugc thé hién bang cac sé liéu trén bang 2.

Goc [dd]

Hinh 6 thé hién gi4 tri clia cac dau vao diéu khién clia
3 phuang phép, hinh nay sé danh gid muc dé tiéu thu
nang lugng cuta cac bé diéu khién. Trong dé c6 thé nhan
0 ) B 6 s w12 w1 1 2 thdy AASda gidm dugc dang ké muc tiéu thu nang lugng

Thei gian [s] so v&i AS mdc du con Ién hon tuong déi nhiéu so véi AP
Hinh 2. Goc yéu cau va cac géc thyc té ca 3 bg diéu khién truyén thong.
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— ¢ RMSE AAS pan
—e RVSE AASIit -

0 2 4 6 8 10 12 14 16 18 20

— ¢ RMSE ASipan
—eRMSEASHit | |

0 2 4 6 8 10 12 14 16 18 20
Thoi gian [s]

Hinh 5. RMSE sai léch bam ca 3 b diéu khién

Bang 2. RMSE clia R va sai léch bam

RMSE ADRC-SMCthich | ADRC-SMC | ADRC-PD
nghi
K3:pan 1,44 1,54 1,54
R3:tilt 7,44 7,46 7.2
Sailéch pan (d0) 0,056 0,098 0,266
Sai léch tilt (do) 0,141 0,186 2,75

0 2 4 6 8 10 12 14 16 18 20
Thoi gian [s]

Hinh 6. Tin hiéu diéu khién c(ia 3 bd diéu khién

Qua cac két qua mé phong cé thé rat ra nhan xét sau:

- Cac két qua udc lugng gia tri clia ®3 cta 3 bo diéu
khién la hoan toan tuang duong, su khac biét vé RMSE la
khong nhiéu véi bién do chi 7% (1,44 so vdi 1,54) véi truc
pan va 4% (7,2 so véi 7,46) vdi truc tilt.

- Khad nang 6n dinh dudng ngdm khi si dung cac
thuat toan két hop ADRC va SMC Ia t6t hon rat nhiéu so
vGi ADRC-PD truyén théng, trong d6 ADRC-SMC thich
nghi lai mang dén kha ning én dinh vuot troi. Cu thé
RMSE cta ADRC-SMC thich nghi theo truc pan t6t hon
ADRC-SMC 43% (0,056 d6 so véi 0,098 do) va tot hon
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ADRC-PD 79% (0,056 d6 so vd&i 0,266 d0). RMSE theo truc
tilt ca ADRC-SMC thich nghi t6t hon ADRC-SMC 24%
(0,141 d6 so vdi 0,186 dd) va t6t han ADRC-PD 95%
(0,141 d so véi 2,75 d0).

- VGi ba phuang phap diéu khién, ADRC-PD c6 muc
tiéu thu nang lugng nhé nhat véi bién d6 dudi 10Nm cho
truc pan va khodng 20Nm cho truc tilt. Trong khi dé
ADRC-SMC ¢6 bién d6 rat I6n v6i 60Nm cho ca truc pan
va truc tilt. ADRC-SMC thich nghi da gidam dugc 50% bién
dé ctia dau vao diéu khién truc pan (30Nm so véi 60Nm)
va gidm dugc 33% cUa truc tilt (40Nm so vGi 60Nm).
5.KET LUAN

Bai bao da dé xuat bo diéu khién ADRC két hgp diéu
khién trugt thich nghi cho bai toan én dinh dudng ngdm
cla hé pan-tilt trén USV. Cau trdc diéu khién tan dung kha
nang uéc lugng va bu nhiéu chd déng ctia ADRC dé giam
bat dinh mé hinh, déng thai st dung SMC nham triét tiéu
phan sai s6 du con lai. Luat diéu chinh hé sé trugt dua trén
tin hiéu nhiéu udc lugng gitip hé thong tu thich nghi theo
muc d6é nhiéu méi trudng, qua dé han ché hién tugng
chattering va giam tiéu thu nang lugng.

Két qua mo phong cho thay phuong phap dé xuat
vuat trdi so véi ADRC-PD va cai thién dang ké so vdi
ADRC-SMC hé s6 ¢6 dinh ca vé sai s6 bam va bién do tin
hiéu diéu khién. Diéu nay chiing minh tinh bén viing va
hiéu qua cua cau trac diéu khién trong diéu kién nhiéu
dao déng manh dac trung moi trudng bién.

Huéng nghién cuu ti€p theo la trién khai thuc nghiém
trén hé thong thuc va ma réng sang cac cau trac diéu
khién trugt bac cao nham ti€p tuc nang cao chat lugng
én dinh.

LOI CAM ON

Nghién ctu nay dugc hd trg béi Viéen Khoa hoc va
Coéng nghé Quan sy trong dé tai ma s6 BTVCN.02.25/TPH.
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