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TOM TAT

Bai bdo nay tdp trung vdo viéc nghién ciru va thiét ké diéu khién cho hé théng on dinh dao
déng thiét bi trén tau bién nham duy tri dé on dinh dwong ngam (LOS) cho cdc thiét bi quan sdt,
trinh sat va diéu khién hoa lwc vmg dung trong cdc linh vuec dan sw hodc quan sy khi dat trén tau.
Trong moi tru"ong bién, hoat dong cia cdc thiét bi néi trén thuong xuyen bz anh huéng béi nhiéu
déng tir séng bién va cdc chuyén déng da bdc tw do ciia than tau, gdy mdt 6n dinh cho dit liéu quan
sat, theo déi, do dac tir cam bién va duong ngcfm ctia thiét bi diéu khién hoa luc.

Dé gidi quyét van dé nay, tdc gia thuce hién mé hinh héa hé thong on dinh dao dong duwa
trén nén tang co hé Gimbal 2 bdc tw do va phdn tich sw anh hwdng cia cdc thanh phan nhiéu lén
dé chinh xdc én dinh cia thiét bi. Nghién curu di sau vao viéc thiét ké cdc thudt toan dieu khién hién
dai nham téch biét hoan toan chuyén dong cua thiét bi khoi cdc rung dong co hoc, dao dong lic
cia tau trén bién va cdc nhiéu déng khac anh hwéng dén hé thong. Tinh on dinh va hiéu ning ciia
hé thong dwoc danh gid théng qua téc dé ddp vmg va d chinh xdc én dinh. Toan bg quy trinh thiét
ké diéu khién va kiém chimg thudt todn droc mé phong trén méi trwong Matlab/Simulink, cho thdy
hé théng co kha nang triét tiéu nhiéu dong hiéu qua, dam bao tinh on dinh véi do chinh xdc cao cho
cac thiét bi trong diéu kién vin hanh thuc té trén bién.

Tw khoa: Hé thong on dinh qudn tinh (ISS); On dinh dwong ngam (LOS); Gimbal hai
truc, Thudt toan diéu khién triét tiéu nhiéu dong; Dong luc hoc hé Gimbal; M6 phong voi Matlab/
Simulink.

ABSTRACT

This article focuses on researching and designing the control for equipment vibration
stabilization systems on ships to maintain Line-of-Sight (LOS) stability for observation, reconnaissance,
and fire control equipment applied in civil or military fields when placed on ships. In the marine
environment, the operation of the aforementioned equipment is frequently affected by disturbances
from sea waves and multi-degree-of-freedom movements of the ship's hull, causing instability for
observation data, tracking, measurements from sensors, and the line-of-sight of fire control equipment.
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To solve this problem, the author performs modeling of the vibration stabilization system
based on a 2-degree-of-freedom Gimbal mechanical system and analyzes the influence of
disturbance components on the stabilization accuracy of the equipment. The research goes deep
into designing modern control algorithms to completely separate the equipment's motion from
mechanical vibrations, ship oscillations at sea, and other disturbances affecting the system. The
stability and performance of the system are evaluated through response speed and stabilization
accuracy. The entire control design process and algorithm verification are simulated in the Matlab/
Simulink environment, showing that the system has the ability to effectively cancel disturbances,

ensuring stability with high accuracy for equipment in actual operating conditions at sea.

Keywords: Inertial Stabilization System (ISS); Line-of-Sight (LOS) Stabilization,; Two-axis
Gimbal; Disturbance Rejection Control Algorithm; Gimbal System Dynamics, Simulation with

Matlab/Simulink.

1. NGHIEN CUU, MO HINH HOA HE
THONG ON PINH DAO PONG THIET BI
TREN TAU BIEN

1.1. Giéi thiéu vé h¢ théng 6n dinh dao dong

Trong nhitng nim gan day, nhu cu vé
cac hé théng on dinh véi do chinh x4c cao hoat
dong trong moi truong bién di ting 1én dang
ké, duoc thiic ddy boi ca cac ing dung ci dan
su va quan sy. Cac thiét bi nhu camera tam xa,
cam bién quang hoc, radar, cam bién khi tuong
hay cac hé thong diéu khién hoa luc duoc lip
dat trén tau thudng xuyén phai chiu cac nhiéu
d6ng moi trudng bién khong ludng trude duoc.
Nhirng nhidu dong nay, chii yéu do séng bién
va cac chuyén dong da bac ty do cua tau nhu
lic ngang (roll), lic doc (pitch) va xoay (yaw),
lam suy giam nghiém trong chit luong dir liéu
quan sat va do chinh xac cua viéc theo doi
duong ngam (LOS).

Pé giam thiéu cac tac dong nay, Hé
théng 6n dinh quéan tinh (ISS) 2 bac tu do,
thuong dugc goi 1a hé Gimbal 2 tryc da tro
thanh mot giai phap cong nghé cdt 16i. Mot hé
Gimbal 2 tryc dién hinh bao gom: Khung trong
(truc pitch) va khung ngoai (truc yaw) duoc

dieu khién va dan dong quay boi cac dong co
servo hié¢u suat cao [3].

Inner gimbal

&

Duter gimbal

Pitch axis

Platform

Yaw axis

Hinh 1.1. Cdu triic truyén dong ciia hé thong on
dinh dang Gimbal 2 truc

Nguyén 1y diéu khién 6n dinh co ban
nam & viéc ¢o 1ap cac nhidu dong moi trudong
bién tac dong lén chuyén dong cua thiét bi.
bé lam duoc diéu do, hé théng phai cam nhan
dugc cac chuyén dong goc cia bé bang cam
bién do quan tinh (IMU) va ra 1énh diéu khién
cho cac bo truyén dong tao ra cac chuyén dong
d6i khang theo thoi gian thuc dé dam bao 6n
dinh chuyén dong cho thiét bi dat trén [3, 4].

Tuy nhién, vi¢c dat dugc do chinh
xac 6n dinh cao 1a khong hé dé dang do dic
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tinh dong lyc hoc phi tuyén cta co hé Gimbal
nhu: Trong trudng, quéan tinh, Iyc 1i tdm, lyc
Coriolis,... va ma sat ¢d hiru trong cac bd phan
truyén dong. Hon nira, cac yéu té moi truong
bén ngoai nhu gid giat va trang thai bién thay
d6i lién tuc tao ra cac nhidu tai anh huong dang
ké dén d6 chinh xac 6n dinh cua hé théng. Cac
phuong phap didu khién truyén thong thuong
gip khé khan trong viéc duy tri tinh bén viing
va do chinh x4c dudi cac didu kién dong nay.
Do d6, viéc nghién ctru va thiét ké cac thuat
toan diéu khién hién dai huéng toi kha ning
dap ung nhanh va triét tiéu nhiéu hiéu qua la
didu can thiét dé dam bao do tin cdy van hanh
ctia cdc thiét bi thuc hién nhiém vu trén tau.

1.2. M6 hinh héa h¢ thong 6n dinh dao dong

Dé hinh héa duoc hé thong dudi dang
cac phuong trinh todn hoc, tac gia da don gian
hoa cac thiét ké truyén dong dudi dang so do
dong hoc va biéu dién toa do cac khau, khép
theo qui tic Denavit — Hartenberg (D-H) [1, 2].

Hinh 1.2. So do dong hoc hé théng on dinh

Trong do:

-m, m: Khdi lugng khéu yaw va pitch;
-0C=1., 0,C, =1, Chi€u dai trong tdm
khau yaw va pitch;

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026

-1,,1,: Chiéu dai khau yaw va pitch;

- 1., I,: Ma tran mé-men quan tinh tai
trong tam khau yaw va pitch;

- u: Vector mo-men quay khau yaw va
pitch;

- D: Ma tran hé sd can nhét tai cac khop
quay yaw va pitch.

Chon toa do suy rong du q = [q,, qz]Tdé
mo ta cac bién khdp hé thong va ap dung quy
tac D-H, ta xay dung dugc bang D-H nhu sau:

Bdng 1.1. Bang thong sé D-H hé thong on dinh

dao dong
Khau 0, d. a, Q
T
1 q, 1, 0 2
2 d, 0 1, 0

Tt bang 1.1, ta suy ra dugc cac ma
tran D-H bién doi tir khau i—1 sang khau i dudi
dang:

Tt = [Ri:]_l Ti[] (1)

Trong do:
- R™Y: Ma trén cosin chi huéng khau i1 so
vo1 khau i;
- Tg; _,: Vector géc toa d khau 1.

Toadd thuin nhat cua trong tm cac khau
C, bi€u dien trong h¢ toa do c6 dinh Ox y0z;:

a0 _ m0 T *rE-

o =T .06 = 1! (2)

Ma tran Jacobi tinh tién cua khau i tai
trong tam C. bi€u dien trong h¢ toa do c6 dinh
Ox,y,2,:

a""gi
Jrei = 3q 3)
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Van téc goc khau i trong h¢ toa do )
dinh Oxy 7z, dugc tinh theo cong thirc:

@7 (3,2)
@7 (1,3) (4)
@?(2,1)

Ma tran Jacobi quay ctia khau i biéu
dién trong hé toa d6 cb dinh Ox,y,Z,:

dew!
Jr1 = ﬂ_q (%)

Tinh to4n ma tran khéi lugng M(q):

M(Q] = Zfll:ﬁmifrﬁ + fgﬁRFfﬁRFrJ’m (6)

i=1

Tinh toan ma tran Coriolis va li tam
C(q. 9): ﬂ

C;;(a. q) = Z Ci’_:l'kék (7)

k=1

1/dm,. dm. dm.
/. — ij ik Tk
VO1 €y 2( 34, + aq}_ 7a, )

Tinh toan vector luc suy rong c6 thé:

9@ =) -mJl.g® 8)

i=1
Tinh toan vector luc suy rong khong
thé:
Qe =T— Q. =Bu—Dq )

Phuong trinh vi phan chuyén dong hé
thong on dinh dao dong c6 dang:

M(q)q+C(g.q9)q + Dq+ g(q) = Bu(10)

Céc phuong trinh tir (1) dén (10) ké trén
duogc tac gia giai va biéu dién tudng minh dudi

dang tham sé toa do suy rong bang cac phan
meém cho phép tinh todn dudi dang symbolic
nhu Maple hoac Matlab.

2. THIET KE PIEU KHIEN HE THONG
ON PINH DAO PQNG THIET BI TREN
TAU BIEN

Hé théng on dinh dao dong trén tau bién
rat kho dé mo hinh héa chinh xac 100% do su
thay doi ctia tai trong, sy mai mon co khi va diéu
kién ngau nhién trén bién. Do d6, dé dam bao
tinh bén vimg va d6 chinh xac 6n dinh cua hé
théng, tac gia da lya chon thuat toan diéu khién
triét tiéu nhiéu dong (ADRC) do n6 khong di
theo con duong diéu khién dya trén mé hinh
truyén théng (Model-based control). Thay vao
d6, n6 ké thira wu diém cua PID (c6 thé thuc
nghiém tuning khéng cin mé hinh) nhung khic
phuc nhuoc diém cua PID vé kha ning chong
nhiéu kém va do tré cua bo vi phan.

2.1. Tong quan thuit toin diéu khién triét
tiéu nhiéu chi dong (ADRC)

Thuat toan diéu khién triét tiéunhiéu chu
dong (ADRC - Active Disturbance Rejection
Control) do Gido su Han Jingging dé xuat, da
ndi 1én nhu mot giai phap thay thé manh mé
cho bd diéu khién PID véi cdu tric diéu khién
ndi tang truyén thng [5]. Khac vdi cac phuong
phap diéu khién dya trén mo hinh chinh xéac
(nhu LQR hay H-infinity), ADRC khong yeu
cau mot mo hinh toan hoc hoan chinh cua déi
tuong.

Triét 1y c6t 18i cia ADRC dua trén viée
xem x€t tat ca cac thanh phan chua biét, bao
gom:

- Nhiéu noéi tai: Su phi tuyén cua hé
thong, sai sO md hinh va cac thanh phan khép
xen kénh (cross coupling).
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- Nhiéu ngoai vi: Cac tac dong tir moi
truong bén ngoai (séng bien, gio, rung dong co
khi,...).

Tat ca cac thanh phan nay dugc gop
chung thanh mét dai lugng goi 1a nhiéu tong
thé. Sau d6, mot bo quan sat trang thai mo rong
(ESO) dugc st dung dé ude lugng lién tuc
nhidu tong thé nay va triét tiéu nd ngay trong
luat diéu khién [5].

2.2. Cu triic b diéu khién triét tiéu nhiéu dong

Ta c6 phuong trinh toan mé ta chuyén
dong ctia hé thong (10) dudi dang ham vi phan
béc 2, do d6 Iya chon phép xap xi mé hinh diéu
khién ADRC bac hai c¢6 dang [6]:

y"(t) = byu(t) + f(t) (13)
V6i cac bién trang thai:

x, = y(1), x, = y'(t) va x, = (1)

Trong do:

- y(t): Tin hiéu dau ra hé théng;

- u(t): Tin hiéu diéu khién;

- b,: D6 loi t6i han cia hé thong dudi
tac dong dau vao u(t);

- f(t): Tong nhiéu bao gdbm nhiu ndi tai
va nhidu ngoai vi tac dong 1én hé thong.

Mo hinh khong gian trang thai ctia h¢
théng duoc biéu dién dudi dang nhu sau:

0
x'=Ax+Bu+| O l
£ (14
y=Cx
Voi:
0 1 0 0
A=l0 0 1],5': bul,C=[1 0 o]
0 0 0 0
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Vi hé thdng c6 tinh quan sat dugc nay,
tac gia su dung bo quan sat (ESO) Luenberger
dé cung cap u6c luong vé trang thai va tong
nhiéu tic dong 1én hé thong [5]. Phuong trinh
vi phan mé ta bd quan sat dé wdc lugng cac
trang thai z = [z, z,, z,]" nhu sau:

Z'=Az+Bu+L(y-Cz) (15)

Trong d6, L = [1, L, L]" 1a cac h¢ sb
quan sat, khai trién ma trdn ta c6 hé phuong
trinh vi phan lién tuc nhu sau:

zy =z, 1, (y—z,)
zp = z3 T hpu +1,(y — z,)
z3 =13(y — z,)

(16)

Va cac hé sb 1, L, 1, theo [6] dugc chon
theo bang thong bo quan sat o, voi:l =30, 1,

= 2 — 3
3o L=’

Khi d6, dau ra bd diéu khién 1a tin hiéu
u(t) duoc tinh toan nhu sau:

_ug(t) —z3
u(t) = T by (17)
Voi:
ug(t) = K,(r(t) —z,) —Kpz, (18)

Duya theo co s& ly thuyét da phan tich
& trén, cau trac bd diéu khién dugc md ta dudi
dang so d6 khoi chirc nang nhu sau:

State
Dbsanver

Hinh 2.1. Cdu triic diéu khién triét tiéu nhiéu chii

dong - ADRC
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2.3. Phuong phap wéc lugng tham s6 diéu khién

Dé trién khai hiéu qua bd diéu khién
ADRC cho hé théng 6n dinh dao dong, ta can
xay dung dugc phuong phéap va cong thuc udc
lugng do loi t6i han by va do loi diéu khien K ,
K,[6].

Phuong phap duoc tac gia dé xuit trong
bai viét 14n nay dua trén thir nghiém dap Gng tu
nhién cua hé thong 6n dinh dao dong, tir d6 xac
dinh dugc hé s6 b va hé s0 K , K. Chi tiét cac
budc va cong thirc duge mo ta theo cac muc cu
thé duéi day:

- Xéc dinh h¢ s b;;:

Budc 1: Kiém tra ddp tmg hé théng &
ché do vong ho trong pham vi hoat dong bang
tin hiéu dau vao dang budc nhay (Step) véi
biéndou .

Budc 2: Theo ddi va ghi lai sy thay doi
dau ra hé thong y(t) trong mot khoang thoi gian t.
Budce 3: Ap dung cong thirc x4p xi dau

, , . A ” A 4 1 7
ra theo dap ung gia toc cua h¢ thong ¥ = —at”
va xac dinh hé so6 gia toc a theo cong thirc:

_2(y() —y(0))

tf

(19)
Budc 4: Xac dinh hé so b, tir dap tng
gia tdc a cua hé théng va tin hiéu dau vao dang

budc nhay u

by = — (20)

gy
- Xac dinh hé s6 K, K

Tt phuong trinh (18) va gia st by quan

sat hoat dong ly tuo’ng, thc z, =y vaz, =y,
khi d6 thuc hién bién ddi Laplace hai vé cua
phuong trinh véi diéu kién dau bang 0, ta thu
duoc ham truyén bo diéu khién co6 dang nhu
sau [6]:

k
Gy=—""—— (21)
Costtkgs tk,

Pé ham truyén hé théng on dinh va cé
dap g mong mudn, ta so sanh mau sb cia
ham truyén (21) v6i phuong trinh dic trung
chun cta hé dao dongbac2: > +2Ew s+ w?=
0. Tu do, ta rat ra dugc cong thure tinh toan hé
5O kp, k, nhu sau [6]:

k, = w? (22)
k;, =2¢w, (23)
Trong do:

- _: Bang thong ctia bo diéu khién hé thong;
F, H¢ so can. Trong thuc té thuong
chon bang 1 (hé sb can toi han).

Trong thuc té, ta c6 thé tang tur tor o, len
cho dén khi hé théng dat hiéu sudt mong mudn,
tuy nhién c6 mdt cach khoa hoc va hi¢u qua
hon 14 dya vao tan s dao dong riéng cua co hé¢
o_. Khi tan s6 diéu khién tién toi gan tan sé dao
dong riéng cua co hé s€ gay ra hién tuong cong
hudng 1am mat 6n dinh hé thdng, do d6 dé dam
bao tinh bén vimg cho hé théng trong thuc té s&
can khao sat tan s6 dao dong riéng ctia co hé va
chono <o,

3. MO PHONG VA PANH GIA PAP UNG
PIEU KHIEN ON PINH CHO HE THONG

Pé kiém chung cac co so 1y thuyét da
phan tich vé viéc lya chon cau tric va thiét ké
di€u khién bu nhi€u chu dong cho h¢ thong 6n
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dinh dao dong ké trén, tac gia da xdy dung mo
hinh hé théng va thiét ké diéu khién trén moi
truong Simulink ctia Matlab dé mé phong lai
tmg xtr ciia hé théng theo cac kich ban kiém
nghiém dap tng diéu khién. M6 hinh va ciu
trac diéu khién hé thong dugc thé hién nhu
hinh 3.1:

Hinh 3.1. So do khoi chire ning diéu khién hé
thong on dinh dao déng

Trong do:

- M6 hinh co hé: Pugc xay dung dya
phuong trinh vi phan chuyén dong (10) ¢ muc
1.2.

- M6 hinh dong co: Str dung ham truyén
dong co PMSM kinh dién duéi dang khau quan
tinh bac nhat phu thudc vao tham s6 R, L cua
dong co.

- BPK dong dién: Str dung khéi Current
controller va diéu ché vector khong gian FOC
c6 san cua Matlab dé co thé sinh ra moé-men
quay dong co.

- BDK ADRC béc 2: Ap dung cau tric
bo diéu khién PD + bo quan sat ESO nhu da
phan tich & muc 2.

Duéi day 1a két qua mé phong dép tmg
dicu khién cia h¢ thong 6n dinh dao dong theo
cac kich ban dau vao hé thong:
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1) Kich ban diéu khién vi tri véi hrong dit
diéu khién dang xung STEP:

Setpoint vdi feedback vi tri

Hinh 3.2. Pdp img diéu khién truc yaw véi lwong
dat vi tri dang xung Step

Trangthdizl vdi
feedbacktoc d5

Trangthdizl voi
feedbackvitn

Trangthdiz3 vai
feedback dong dién

"
b i 1 S e W = =
¥

Hinh 3.3. So sanh trang thai voc lwong z cua bo
quan sat ESO (mau do) vaoi tin hiéu feedback thuc
(mau do) cia hé thong

Danh gia:

- Thoi gian qué do: 1.5s;

- Thoi gian x4c lap: 2.5s;

- Do qua diéu chinh: 0%;

- Sai I¢ch tinh: 0.01 d9;

- B0 quan sat udc lugng trang thai va
nhiéu chinh x4c.

2) Kich ban diéu khién bam quy dao hinh SIN:

/Setpoint viai feedback vi tri

Hinh 3.4. Bdp irng diéu khién truc yaw voi lwong

dat vi tri dang quy dao hinh SIN: y = 8sin(0.5xt) &~
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o =2 4 —_— ]
3.

. Trang thai 22 \'61',/"
“\feedback téc d§*

rd ‘\‘-\Trqng théi z1 véi ,."’
foedbackviti
. ’, ’ ,/-

~, S

Trang thdi z3 véi
L feedback dong dién

\
B e, S

————

Hinh 3.5. So sanh trang thai woc lwong z cua b
quan sat ESO (mau do) voi tin hiéu feedback thyc
(mau do) cia hé thong

banh gia:

- Thot gian xac 1ap: 1.0s;

- Sai léch bam: < 0.1 d0 RMS;

- B quan sat udc lugng trang thai va
nhiéu chinh xac.

3) Kich ban diéu khién 6n dinh véi nhiéu
diu vao 1a dao dong lic hinh SIN ciia tau:

D6 chinh xac én dinh véi
kich ban nhifu dao déng
lic cuatam hinh SIN

Hinh 3.6. Pdp img do chinh xdc én dinh truc yaw
v6i nhiéu dau vao hinh SIN y = 8sin(0.5xt)

D4 chinh xac on dinh voi
kich ban nhiéu dao dong
lic cua tau hinh SIN

Hinh 3.7. Pdp img dg chinh xdc én dinh truc pitch
véi nhiéu dau vao hinh SIN y = 15sin(0.4xt)

bénh gia:
- Thoi gian xé4c lap trang thai 6n dinh: 2.5s;
- Sai s6 6n dinh: < 0.1 RMS.

4. KET LUAN

Nghién ctru da trinh bay mot cach hé
thdng cac van dé cdt 161 trong viéc thiét ké didu
khién 6n dinh cho cac thiét bi trén tau. Tac gia
da thanh cong trong viéc xay dung mo hinh toan
hoc, nhan dién cac thanh phan nhidu phi tuyén
dic trung va dé xuét cu tric diéu khién bu nhidu
chii dong (ADRC). Két qua mo phong cho thay
thudt toan khong chi dap ung t6t cac yéu cu vé
d6 chinh xac ma con thé hién kha ning khang
nhiéu manh mé. Pay 1a co s khoa hoc tin ciy
dé trién khai tmg dung vao cac hé thong 6n dinh
thuc té trong moi trudng bién khic nghiét.

Ngay nhan bai: 08/4/2026
Ngay phan bién: 25/4/2026
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