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TOM TAT

Viéc udc lugng chinh xac van téc goc va gia toc goc tir cac phép do ma hoa bi nhiéu dong vai tro then chét trong viéc dam bao kha nang diéu khién bén
viing cho cac hé théng pan-tilt, dac biét trong cac iing dung 6n dinh dutng ngam. Nghién ctiu nay trinh bay mdt phan tich so sanh chuyén sau vé hiéu suat
clia hai bd quan sat tién tién: Bo quan sat ché do truot (Sliding Mode Observer - SMO) va Bd quan st dd lgi cao xép chong (Cascaded High-Gain Observer -
CHGO). (4 hai dugc thiét ké dé udc lugng cac trang thai vi tri, van toc va gia toc trong hé thong diéu khién on dinh dudng ngam cho bé pan-tilt hai bac tu
do. SMO khai thac cac ky thudt ché do trugt dé dat dugc dd bén vitng cao trudc nhiéu bt dinh va dong luc hoc phi tuyén, trong khi CHGO tan dung phan hoi
d loi cao d€ dam bao hoi tu nhanh trong diéu kién nhiéu Gaussian. Qua cac md phong do chinh xac cao, nghién ciu danh gia hiéu qua cia hai bd quan sat
trong cac kich ban nhiéu da dang. Két qua cho thay SMO vuagt trdi vé do bén viing d6i véi nhiéu khdng Gaussian va bat dinh mé hinh, trong khi CHGO thé
hién t6c do hoi tu va do chinh xdc vugt trdi trong méi trudng Iy tudng. Nhiing phat hién nay cung cdp co s& khoa hoc quan trong dé lwa chon bd quan sat
pht hgp cho cac ting dung robot thuc té, dng thoi md ra huéng nghién cu vé cac phuong phap lai nham t6i uu hda hiéu suat trong cic diéu kién van hanh
phiic tap.

Tirkhéa: B quan sdt, SMO, HGO, pan-tilt, van téc gdc, gia toc.

ABSTRACT

Accurate estimation of angular velocity and angular acceleration from noisy encoder measurements is pivotal for ensuring robust control in pan-tilt systems,
particularly in line-of-sight stabilization applications. This study presents an in-depth comparative analysis of the performance of two advanced observers: the
Sliding Mode Observer (SMO) and the Cascaded High-Gain Observer (CHGO). Both are designed to estimate position, velocity, and acceleration states in a line-
of-sight stabilization control system for a two-degree-of-freedom pan-tilt platform. The SMO leverages sliding mode techniques to achieve high robustness
against non-Gaussian noise and nonlinear dynamics, while the CHGO employs high-gain feedback to ensure rapid convergence under Gaussian noise conditions.
Through high-fidelity simulations, the study evaluates the effectiveness of these observers across diverse noise scenarios. Results demonstrate that the SMO
excels in robustness to non-Gaussian noise and model uncertainties, whereas the CHGO exhibits superior convergence speed and accuracy in ideal conditions.
These findings provide a critical scientific foundation for selecting appropriate observers for practical robotic applications and pave the way for future research
into hybrid approaches to optimize performance in complex operating environments.
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1. GIGI THIEU

Cac hé théng pan-tilt, dugc si dung réng rai trong
robot cho cac nhiém vu nhu gidm sat, theo déi va én dinh
camera, phu thudc rat nhiéu vao viéc udc lugng trang thai
chinh xac dé dat dugc hiéu suat diéu khién téi uu. Cac phép
do ma hoa, cung cap dir liéu géc khép, thudng bi nhiéu va
sai léch, lam phuic tap viéc suy ra van t6c gdc va gia téc gdc
thong qua phép vi phan s6 hoc. Van dé khuéch dai nhiéu
trong vong diéu khién, doi hoi cac thiét ké bd quan sat tién
ti€én dé trich xuat cac udc lugng trang thai dang tin cay tu
di liéu bi nhiéu. Nhiéu phuong phap dua trén bd quan sat
da dugc dé xuat dé giai quyét thach thic nay. Cac bd quan
sat tuyén tinh, nhu bd quan sat Luenberger, don gian
nhung gap kho khan véi dong luc hoc phi tuyén va nhiéu
dang ké [1]. B6 loc Kalman cung cap cac uéc lugng téi uu
trong gia dinh nhiéu Gaussian nhung khong hiéu qua khi
dac tinh nhiéu léch khéi mé hinh nay [2]. B quan sat dé loi
cao (HGO) dat dugc su hoi tu nhanh cho cac hé théng phi
tuyén, nhung dé nhay clia chiing véi nhiéu do ludng han
ché d6 bén viing hodc hién tugng peaking [3]. Ngugc lai,
b6 quan séat ché dé trugt (SMO) néi trdi véi kha nang chéng
lai su khéng chac chan ctia m6 hinh va nhiéu, khién ching
phu hop cho cac hé thdng robot thuc té véi dong luc hoc
phtc tap [4]. Trong béi canh nay, cau tric bd quan sat xép
chong d6 Igi cao va bd quan sat ché do trugt to ra hiéu qua
trong cac giai phap udc lugng van toc goc, gia téc géc cho
hé théng pan-tilt. B6 quan sat dé Igi cao xép chéng
(CHGO), dugc gidi thiéu bdi Han va Unel [5], st dung
phuang phap dé lgi cao hai tang dé udc lugng vi tri, van
téc va gia téc tir dit liéu ma héa, dat dugc su hoi tu nhanh
trong diéu kién dugc kiém soat. Nguoc lai, bd quan sat ché
dé trugt (SMO) st dung khung ché dé trugt tdi bac 2 dé
dam bao udc lugng trang théi bén viing vai nhiéu va tinh
phi tuyén clia hé théng, tan dung tinh 6n dinh vén c6 cda
diéu khién ché dé truat.

Bai bdo nay nghién clu so sanh hiéu suat cia SMO va
CHGO trong viéc udc lugng trang thai cia moét bé diéu
khién trugt 6n dinh dudng ngdm cho bé pan-tilt 2 DOF
trong cac diéu kién nhiéu khac nhau. Théng qua cac mé
phong d6 chinh xac cao, chiing téi danh gia d6 chinh xac,
téc do hoi tu va dé bén viing cta ching déi véi nhiéu
Gaussian. Nhiing déng gép ctia nghién ctiu nay bao gém:
(1) so sanh chi tiét hiéu suat cha hai thiét ké bo quan sat
nay, (2) hiéu qua cda cac b quan sat trong viéc ing dung
trong bai toan diéu khién 6n dinh dudng ngdm cho bé
pan-tilt thuc té.

BS cuc ctia bai bao dugc té chiic nhu sau: Phan 1: Gi6i
thiéu téng quan, Phan 2 mé td mé hinh déng hoc, dong
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hinh hoc cta hé théng pan-tilt va b ma héa goc. Phan 3
phac thao thiét ké ctia SMO va CHGO. Phan 4 trinh bay
téng hop bai toan én dinh dudng ngdm cho bé pantilt st
dung ky thuat diéu khién trugt, Phan 5 trinh bay chi tiét
thiét k& mo phong, két qua mo phéng. Cudi cing, Phan 6
két luan bai bao vai cac phat hién chinh va dinh huéng
nghién clu tuong lai.
2. MO HINH HOA HE THONG
2.1. M6 hinh ddng luc hoc bé pan-tilt

Pong luc hoc ctia mot bo diéu khién pan-tilt 2 DOF la
nén tdng dé€ danh gia hiéu suat clia cac bé quan sat dugc
dé xuat. Theo coéng thuc Euler-Lagrange [5], mé hinh
déng luc hoc phi tuyén clia hé théng dugc biéu dién nhu
sau:

M(@)§ + C(q, @)q + G(q) + Fyq + Fs * sgn(q) = (1)

Trong dé:

e q:q = [q1,92]T biéu thi cadc goc khép pan va tilt

e (: la dao ham bac nhat cla q theo thdi gian, biéu
dién van téc goc cta hé pan-tilt.

e {j: Vecta gia t6c goc, la dao ham bac hai cla q theo
thai gian.

* M(q): Ma tran quan tinh (inertia matrix), phu thudc
vao cau hinh q. Ma tran nay biéu dién quan tinh cda hé
thong va thudng la mét ma tran déi xing, xac dinh duong.

¢ C(qg,q): Ma tran dai dién cho luc Coriolis va ly, phu
thudc vao q va q. Ma tran nay mo ta cac luc quan tinh phat
sinh do chuyén dong quay.

¢ G(q): Vecto dai dién luc hdp dan (gravity vector),
phu thudc vao q. Vecta nay biéu dién cac luc do trong
truong tac déng lén hé.

e F,: Ma tran dai dién cho tac dong clia ma sat nhét
(viscous friction coefficient matrix). Ma tran nay mé ta luc
ma sat ty & vai van toc q.

o F¢: Vecto dai dién cho ma sat Coulomb (Coulomb
friction coefficient vector). Vectd nay mo ta luc ma sat
khéng ddi, khong phu thudc vao van téc nhung phu
thudc vao huéng chuyén dong.

e sgn(q): Ham dau ctia van téc g, xac dinh hudng cda
luc ma sat Coulomb (thudng la +1, —1, hoac 0).

e T: Vecto mé-men hodc luc téng quat (generalized
torque/force vector), dai dién cho cac luc hodc mé-men
ngoai luc tac dong lén hé, chang han nhu luc diéu khién.

Trong trudng hgp ly tudng, coi khéi lugng phan bo
dong déu trén cac truc pan va tilt, bé qua cac luc tac déng
colioris ta sé c6 mé hinh hai kénh tam va huéng nhu sau:
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{jBE+bBB=uB 2
je€ + b€ = ug

Trong do6:

+ B: thong s6 goc ctia kénh pan (kénh phuong vi).

+ £: Thong s6 goc cta kénh tilt (kénh tam).

2.2. Déng hinh hoc cho bai toan 6n dinh duéng ngam

Muc tiéu

el
=

Hinh 1. Vector duGng ngam trong cac hé truc toa do khac nhau
Quy dinh cac hé truc toa do:
a) Hé toa dé qudn tinh (Inertial Frame):
o Dinh nghia: Hé tham chiéu c6 dinh, thudng gan
V@i Trai dat (hé ENU ).
o Truc:
Xinertials HUGNg dong.
Yinertial* Hudng bac.
Zinertial- HUGNG 1én (up).
b) Hé toa dé than ctia bé (Body Frame):
o Dinh nghia: Hé toa d6 géan vdi bé (platform), noi
IMU dugc dat. Hé nay chuyén dong cung bé.
o Truc:
" Xpody: HUGNG VE phia trudc cla bé.
"  Ybody: HUGNG sang trdi cta bé.
" Zpogy: HUGNG I€N trén clia be.
o Y nghia:IMU do van téc géc w va gia téc tuyén tinh
atrong hé body frame.
¢) Goc Elevation (&) - Goc ndng- tilt, Goc Azimuth (()-
Go6c phuong vi-pan
e £ Goc tilt (elevation), quay quanh truc yg, biéu thj do
nang/ha ctia dudng ngam ta quy uéc Géc nang (Zg > 0)
la g6c duong.
e B:GOc pan (azimuth), quay quanh truc zg, biéu thi
hudng trai/phai trong mat phang xgyg. Chiéu cla géc
pan ta quy udc (quay sang trdi yg > 0 la géc duong).
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d) Méi quan hé giira £ va  trong L

e Vector dudng ngam L trong hé toa d6 bé dugc xac
dinh bdi ca hai goc:

oe (elevation) kiém soat dé nghiéng doc (truc Z).

o B (azimuth) kiém soat huéng ngang (trén mat phang
Xy).

e K&t hap:

oKhie = 0, L = [cosB, sinp, 0]T, chi phu thudc vao B.

oKhi B = 0, L = [cosg, 0, sing]T, chi phu thudc vao e.

e Hinh hoc:

oe xac dinh géc gitia L va mat phang xy.

oB xéac dinh goc gitia hinh chiéu cia L 1én mat phang

Xy va truc x.
L =|cose=sinf 3)
sine

e) budng ngém L, Lges Linertial

COS € * COS Bl

+ L - DPudng ngam hién tai:

oHétoa dd: L nam trong hé than clia bé (Body Frame).

L biéu dién hudng thuc té ctia LOS, dugc xac dinh bai
géc B va € cla pan-tilt, va pan-tilt nam trén bé.

cose * cosf3

L= [coss_* sinBl

sine

Day la vector trong hé than, vi B va € diéu khién huéng
LOS tuong Ung vdi cac truc cla bé.

+ Lges - DUdng ngdm mong muén:

o Hé toa dd: Hé than cla bé (Body Frame).

Lges 13 hudng ma pan-tilt cdn nhdm téi dé én dinh,
nén no phai dugc biéu dién trong cling hé toa do véi L
(hé than) dé tinh sai s6 € = L — Ly..

f) Méi quan hé giira L, L va IMU

oL-Dao ham thai gian cla L:

0Téc d6 thay diclia L:L = w X L

" 0 = [Wy, Wy, 0,]T tUIMU, nén:

v
wyL, — w,Ly
L =]w,Ly — wyL,
wyLy — wyLy
= L cho biét téc d6 léch cia LOS do chuyén déng cla
bé.
g) On dinh duong ngém( huéng ngdm)
Yéu cdu: Can diéu chinh £ va B dé bl hoan toan chuyén
dong cla bé (wy, wy, w,) gitt cho hai géc yaw (Winertial) Va
pitch (Bjnertial) €O dinh.
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DPao ham thai gian cda L trong hé quan tinh la téng
cla su thay d6i clia L do bé quay (w X L) cong vdi su thay

déi chia L do goc pan, goc tilt thay ddi (ﬂ) theo tai
dt/pody
liéu tham khao [6, 7] ta sé co:
dL) _ (dL) (dL)
< = (& +(= 4
(dt inertial dt/ pan_tilt dt/pody frame @

Trong d6:

dL oL . oL .
(—) =—t+—
dt pan_tilt de d6,L

<dL) ‘L
—_— =W
dt body

Linerial khOng d6i tuong duong véi:

(dL) -0
dt/inertial

Tuang duang véi:

<dL> _ <dL)
dt body dt pan_tilt

Diéu nay ngu y ring L phai triét tiéu dnh hudng clia w
d€ gilr Lineria) Khong di (gi6i han géc Pitch va goc Yaw).

¢ Tuong duong:
><L_OL'_I_OL.
oxL =7etgsh

¢ Dao hamriéng:
oL [—sins * cosBl oL [—coss * sinBl

—sine * sin vy COSE * COS
de B aB B

COSE 0
e —w X L:
—WySing + w, * sinf * cose
—w,COSP * cose + wysine
—,SInP * cose + wycosP * cose

—wXL=

¢ So sanh va giai hé phuong trinh
L OJL.

e ¢ + a_B =—-wXL

Thay vao:

—sine * cospP * £ — cose * sinP * B

—sine * sinp * & + cose * cosp * B

COSE * £
wysinge + w, * sinf} * cose

= —W,COSP * COSE — wySine

—wySinf * cose + wycosP * cose

K&t qua cudi cung: MGi lién hé gitta ¢, B va o :
{é = —w,sinf + w, cosf

B = w,tane * cosp + wytane * sinf — w,
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2.3. M6 hinh héa b6 ma héa

Cac phép do gbc khdp dugc lay tir ma hda, vén dua
nhiéu va sai léch vao dit liéu. Dau ra ma héa do dugc y
dugc mo hinh héa nhu sau:

y=q+b+n (6)

trong do6, q 1a goc khép thuc, b biéu thi sai lech ¢6 dinh
do 16i 13p dat hodc khuyét tat cdm bién, va n biéu thi
nhiéu cong thém. Trong nghién ctru nay, n dugc xem xét
trong hai kich ban: (1) nhiéu Gaussian trang vaéi gia tri
trung binh bang 0 va phuang sai 2.

3. THIET KE BO QUAN SAT

Phan nay trinh bay thiét ké cta béd quan sat truot
(SMO) va bé quan sat d6 Igi cao xép chong (CHGO) dé udc
lugng vi tri, van toc va gia toc ti cac phép do ma hoa bi
nhiéu.

3.1. Bo quan sat ché dé truot (SMO)

Dé quan sat cac tin hiéu goc, van téc géc, gia téc goc
clia hé pan-tilt ta xdy dung bdé quan sat SMO (Sliding
Mode Observer) thuc hién quan sat goc(B, §), van téc goc
(B,2) va (B, &) ctia hé thdng pantilt tir tin hiéu do ludng 13
goc pantilt (B, €), véi gia thiét do giat khéng ddi (é =
conts, € = conts). Sau day ta sé thuc hién tung budc va
ching minh tinh héi tu clia phuong phap.

(2] ! q

Y=q= —» q Vi tri
SENSOR e - 4

( Encoded q .

‘ —> q récas
SMO @ N >
q Gia téc
q
—»

Hinh 2. S d6 cdu trdc bd quan st ché d trugt SMO

Tu phuong trinh dong hoc clia hé théng ta thay, tin
hiéu dau vao ctia b quan sat la tin hiéu goc, tin hiéu tac
déng lén phuong trinh déng hoc 1a moment diéu khién
Ug va Ut.

+y = g+be+e: Tin hiéu vi tri do dugc tir encoder (la tin
hiéu thuc vi tri + nhiéu)

+Xo1 =4
+Xo2 =(q
+tXo3=(q

+e=y—-q=q+8,+n—q=eq+8,+n:5ais6
do ludng.
+eq = q — §: Sai s6 udc lugng goc.

Tap61-507(7/2025)



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

SCIENCE - TECHNOLOGY

Gia st hé théng co hoc cho goc pan-tilt c6 dang:

Xg1 = Xo2
. Py (7)

{on = P(Rp,w)

Trong d6:

Xo1s Xo2, Xo3: Vector goc, van toc goc va gia téc goc
clia goc pan, tilt.

Tham sé can uéc lugng cho | Tham s6 do ludong cho bd

b6 SMO: SMO:

Qié tri: goc q, \'/'én t6c goc Y= [B]

g, giatécgocq €
Thiét ké bd quan sat trugt SMO:

Cau truc thuat toan Super-Twisting trugt SMO

Thuat toan Super-Twisting dugc st dung dé diéu
khién sai s6 quan sat hdi tu vé 0 trong thdi gian hiru han
ma khdéng gay chattering qua muc. Trong Super-Twisting,
mot hé théng sai s6 bac 2, sai s6 eq va € dugc diéu chinh
bang hai thanh phan:

+ Thanh phdn phi tuyén: |e|'/? sgn e gilp ting toc do
héi tu va gidm chattering.

+ Thanh phdn tich phan: [ sgn e dt ddm bao diéu khién
lién tuc va bu dap nhiéu hoac bat dinh.

Tuy nhién, trong bd quan sat, cac trang thai dugc udc
lugng theo thir tu (tir q dén g, roi §), va méi trang thai co
vai tro khac nhau trong déng luc hoc sai s6.

Ta xay dung bd quan sat trugt nhu sau dé udc lugng
g6c §, van téc goc q, gia téc goc g
. 1
S\(Ol - S\(OZ + Zl = S\(OZ + K1 *I e |E* Sgn(e)

+ K, * [ sgn(e)d(t)
X2 = PRo,0) + 2,
~ 1
) = WY(Ro,u) + Kj *| e |2x sgn(e) 8)
+ Ky * [ sgn(e)d(t)
N 1
Ro3 = Z3 = Kg *| e [2* sgn(e)
\ + K¢ * [ sgn(e)d(t)

Trong do6:

z; = Ky | e |2 sgn(e) + K, [ sign(e) dt,
eJz, = K3 | e |2 sgn(e) + K, J sign(e) dt,
z3 = Ks | e [/2 sgn(e) + K, [ sign(e) dt,

e P(&,,u): M6 hinh danh dinh cta hé théng, c6 thé
don gidn (¥ = 0) néu khéng biét chinh xac.

L K1 y Kz, K3, K4, KS' KG : CéC hé 56 khUé,Ch da', dUO'C
chon d@é dam bao héi tu.

e sgn(y — Xy1): la ham quan sat cda sai s6 quan sat
€=y — Xo1-
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Nguyén ly hoat déng:

- U6c lugng trang thai: SMO khong can do ludng
moment vi n6 st dung sai léch gilta vi tri thuc va vi tri uéc
luong  thong  qua  K; | e [Y?xsgn(e) + K, *
[ sgn(e)d(t), K; | e [V/2x sgn(e) + K, * [ sgn(e)d(t) va
Ks *| e [/2x sgn(e) + Kq * [ sgn(e)d(t) dé hiéu chinh
Ro01,X02, Xo3 hOi tu vé gia tri thucq, q, q.

- B6 quan sat SMO tan dung tinh chat bén viing clia co
ché trugt dé x( ly nhiéu va bat dinh trong hé théng nhg
hé s6 khuéch dai K4, K,, K3, K4, Ks, K >0 va da I6n.

- O day ta xay dung mo hinh udc lugng véi gia tdc goc
cla hé pantilt thay déi cham (¢ = conts). B6 quan sat
hoat ddéng nhd co ché phan héi sai s6.

3.2. Bd quan sat dd lgi cao xép chdéng

7777777777777777777 ‘ ~
Y _ 9 =+
—q= : — 1
sensor | X" Ll | First HGO _q
(Encoder) ' | @I
‘ : — ~
S ' Wsecond
~ >
__Y__?f_?)éﬁrst
i msecond é\f
i L SECOnCy, |
i Second HGO ! P
: i [24
—

Hinh 3. So d0 cau triic bg quan sat d¢ lgi cao xép chdng (CHGO)

CHGO, dugc gidi thiéu trong [5], st dung cau triuc do
loi cao xép chéng dé udc lugng trang thai nhanh chéng
trong diéu kién nhiéu Gaussian. B6 quan sat dau tién
(CHGO1) uéc lugng vi tri q va van toc q, trong khi bo thi
hai (CHGO2) uéc lugng gia téc {. Dong luc hoc cla
CHGO1 la:
1=6+20-9

6 = (6,0 + @1 +2 (- ©

trong d6, y > 0, va cac hé s6 la oy, ay, V6i oy va a,
dugc chon dé ddm bao héi tu. Béi véi CHGO2, déng luc
hoc la:

a=a+%(a—a) (10)
A p ~ =
-%(@-8)

&: Gia tri quan sat téc d6 goc & tang s6 2.

trong do6, ® tr CHGO1, va p4, p, la tham sé c6 thé diéu
chinh. Thiét ké d6 lgi cao dam bao hoi tu nhanh nhung cé
thé khuéch dai nhiéu hoac biéu hién hién tugng peaking,
dugc quan ly bang cach bao hoa dau vao diéu khién [5].
4. TONG HOP HE THONG ON PINH DPUONG NGAM

Trong hé théng 6n dinh dudng ngdm, van téc goc cla
dudng ngdm hay van téc goc clia bé gan thiét bi theo cac
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truc phai dugc duy tri sao cho dudng ngdm trong khéng
gian quan tinh dugc 6n dinh. Mé hinh dong hoc hé théng
én dinh dudng ngdm dugc mé ta bang phuong trinh:

{?1 =& a1
EZ = kEZ + bu + f

VGi &1, 8,, &, thir tu 1a vi tri goc q, van téc goc q va gia
téc goc ¢ clia hé truyén dong, k la hé s6 ma sat nhét, b la
hé s6 ty 1é nghich v6i mé men quan tinh cta hé, u la lénh
diéu khién hay moé men ch1 déng dugc dua vao hé théng,
f1a téng sai s6 mé hinh ciing nhu cac thanh phan bat dinh
khac tac dong vao hé théng quy ra dau vao hé thong.

Trong ché& dé én dinh, gia tri géc mong mudn, van téc
gdc mong mudn va gia téc géc mong mudn tha ty ky
hiéula qq,qq, Ga-

bat x; =q—qg X, =4 — qq, phuong trinh déng
hoc (11) tré thanh:

5{1 = X2

%, =kx, +bu+f+d (12)

C6 thé sir dung diéu khién thich nghi dé téng hop hé
théng 6n dinh dudng ngdm cho camera trén phuong tién
ca déng, tuy nhién né cé nhiing nhugc diém nhu: véi hé
théng c6 tham s6 bat dinh, bién déi nhanh nhu su thay
déi clia bé xe mang trong diéu kién hoat dong trén dia
hinh phtic tap thi chat lugng diéu khién thich nghi khéng
dam bao. Vi vay duéi day sé dé xuat phuong phap diéu
khién trugt trén ca s& cac phuong phap nhan dang dugc
cac thanh phan bat dinh da dugc xay dung [9].

V6i d = kby — B4 12 thanh phan dau vao, dugc xac
dinh theo cac cong thuc (5), f1a thanh phan bat dinh, f cé
thé dugc nhan dang bang mang na ron nhan tao [17] véi
sai s6 nho tuy chon:

f=f+f véilf| <o (13)

V6i f1a udc luong clia f va f1a sai s6 udc luong, |f| < o
V@i o la sé duong nho tuy y, o > 0.

Khi @6, déi véi hé (12) véi phuong phéap udc lugng
nhiéu vai sai s6 udc lugng da nho, bi chan (13), ché dé
trugt dugc ap dung dé téng hap lénh diéu khién. Phuong
trinh mat truot:

S =Xy + X3 (14)
Lénh diéu khién dugc chon nhu sau:

u=—2[(c+kx, +F+d+ (o +e) sgns] (15)

Véi € a s6 duong nhé tuy y. V&i 1énh diéu khién (15),
hé sé 6n dinh tiém can. Diéu nay c6 thé kiém chiing bang
phuong phap Lyapunov. Chon ham Lyapunov:
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v =1s2

2
Khidé: V =s$=s(cx, +kx, +bu+f+d)
Thay gia tri u tu (15) vao (4.6) nhan dugc:

(16)

V =s5=s(—osgns +f—esgns) (17)

K&t hop véi (13) nhan dugc

V =55 <s(—esgn(s)) <0

Nhu vay, hé (12) 6n dinh.

Tuy nhién, vi day Ia hé én dinh cho cac thiét bi quang
hoc, nén hién tugng chattering la mét tac dong xau can
loai bd. BE khac phuc hién tuong nay, thay vi si dung
thanh phan ham daiu trong Iénh diéu khién, ham phi
tuyén arctg(.)sé dugc st dung. Khi dé (15) dugc viét lai
thanh:

(18)

u= —%[(c +K)x, +f+d+ aarctg(ys)] (19)

Khi &6, (18) tr& thanh:
V = s§ = s(—aarctg(ys) + ) (20)

V < 0 khi aarctg(y|s|) > o, hay |s| > o/ay. (21)

Khéng mat tinh téng quat, chonay = 1,khidé V <0
néus > o, n6i cach khac,

tlimIsI <o, (22)

C6 nghia la s sé nam trong lan can o cta 0, ky hiéu la
0(o).Tukhi s tién téi 0(0), vai diéu kién (22), sai s6 téc do
géc t6i da dugc tinh nhu sau:

Chon ham Lyapunov” V, = %xlz (23)
Khidé: V, = x;%, = x;(s — cx4) (24)
Tur(24) dé dang nhan théy, V; < 0 khi [x,| > &1 (25)

Diéu kién (25) dong nghia véi viéc x; nam trong lan
%, két hgp vai (22) x; s& nam trong lan can o/c, c6
nghia la dudng ngam sé bi tréi trong khong gian quan
tinh vGi van téc t6i da la o/c. Trong bai toan két hgp 6n
dinh va bat bam muc tiéu tu dong, dé troi nay sé dugc bu
bang hé théng diéu khién bam.

can

Dé kiém chung két qua trén, dudi day tac gia sé trinh
bay két qua mo6 phong chi tiét.
5.MO PHONG, TiNH TOAN, THAO LUAN

M6 phong thuc hién bang MATLAB/Simulink véi 02
ndi dung:

Néi dung 1: So sanh hiéu suat bé quan sat SMO Vai bo
guan sat CHGO trong viéc udc lugng trang thai cia moét
hé pan-tilt 2 DOF.
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Néi dung 2: So sénh chat lugng bé diéu khién én dinh
dudng ngdam khi st dung bd quan sat SMO Véi bd quan
sat CHGO trong viéc udc lugng trang thai tin hiéu géc
pan-tilt 2 DOF.
5.1.N6i dung 1: Muc tiéu chinh la danh gid do chinh xac,
téc d6 hoi tu va d6 bén viing cia SMO va CHGO trong viéc
udc lugng géc khdp (q), van téec goc (), va gia téc goc (§)
tur cac phép do ma hoa bi nhiéu.

Théng s6 mé phéng: Do hai kénh tuong duong nhau
nén ta sé mé phoéng vdéi 1 kénh, d€ don gian ta chon:
q14(t) =sin(t), Ham nhiéu gaussian: b = 0,01rad,
n ~ N(0;0,001).

Trién khai bé quan sdt:

e SMO: Bugc trién khai nhu mé ta trong Phan 3.1, véi
CéC hé 56 k1 = 4,k1 = 1, k3 = 28, k4_ = 1, ks = 80,
ke = 1,2. Cac gia tri nay dugc diéu chinh dé dam bao hoi
tu nhanh trong khi gidm thiéu chattering.

e CHGO:

DPugc trién khai theo Phan 3.2, vé6i cac hé sé p, =1,
p, =1, y=0,03 (cho CHGO1), va p3=1, p, =0,1,
Yy = 0,03 (cho CHGO2). Cac hé s6 dugc chon dé can bang
gilia toc do hoi tu va do nhay nhiéu.

Két qua mé phong so sdnh hai b6 SMO va CHGO:

- Tin hiéu cda hai b6 quan séat tuong dong nhau va
bam sat tin hiéu thuc.

Tin hiéu quan sét vén téc goc qua b CHGO va SMO
T T T,

|- =SMO/angle_dot_est

|==Encoderfangle_dot_real

\
|~ HGO/angle_dot est

Altitude
& s = s
= = = ~ =
|

Time (second)

Hinh 4. Tin hiéu quan sat van téc goc thong qua bd CHGO va SMO

Nhan xét: (Tin hiéu thyc mau dé, SMO mau xanh blue,
CHGO mau tim)

B6 quan sat CHGO va bo SMO c6 chat lugng bam tét
cling nhu dap Ung tuong duong nhau, tuy nhién SMO cé
dac tinh min hon, CHGO cho bién d6 dao dong quanh tin
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hiéu thuc I6n, khé st dung trong cac tng dung thuc té
(du da diéu chinh cac tham sé t6i uu).

- B6 quan sat SMO cho tin hiéu tran, sai sé nhé tuy
nhién c6 d6 lag nhat dinh so vdi tin hiéu thuc.

Gia téc géc
-

Time (second)

Hinh 5. Tin hiéu quan sat gia tdc goc thong qua bd CHGO va SMO

Nhan xét: (Tin hiéu thuc mau dd, CHGO mau tim,
SMO mau xanh blue)

Giai doan dau ca hai cing mac sai s6 quan sat (qua
chinh). Sau d6 hé théng bam tot.

CHGO bam nhanh nhung d6 dao dong 16n, sai sé 16n,
b6 SMO cho két qua min hon, sai s6 nhé han nhung c6 dé
tré nho, do tré nay co thé xu ly dugc nhd bo diéu khién
preview (bo diéu khién xem trudc) véi tham sé xem trudc
nhiéu.

5.2. NGi dung 02
Cdc tham s6 mé phéng cia hé théng:

1T
wg = [0,2 sin 0,02t 0,02sin0,5t 0,13 sin§]

T T
(=7 BO=7

. . 51
f=0,015sint,f = 0,001 sint+7,

0,2Upax 10T

T ¥ =

c=10,a =

I
2Umax

Umax = 1,5,b = 1_10;k = —15,0=10,002
- Lénh diéu khién dugc téng hop theo (19):

1 A
u=—[(c+KRx, +F+d+aarcg(ys)]

- Hé s6 cta cac bd SMO va CHGO tuong tu nhu noi
dung 1.

Két qua mé phong:

+ Ddp Ung cua hé théng khi tin hiéu phan hoi vé la ly
tudng (1:1):
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Bap ing goc panit theo géc nghiéng be
T

e Sing Wave P
= =Sine Wave r
= Sine Wave q
==Tit

Radian

Snliae p SniaeR

0 § 10 15 2 2% kil 3% 40
Time (seconds)

Hinh 6. Dap ting gdc pan, gdc tilt khi bé thay ddi
Dip irng Los(dot)
= =LOS vectorl/Ldot_inertial:1

=108 vectorl/Ldot_inertial:2

------ LOS vectorl/Ldot_inertial:3

Unit

4 50

0 H 0 15 0
Time (second)

Hinh 7. Dap (ing vector Los(dot) khi gdc nghiéng bé thay ddi

D4p img vector L Inertal khi bg thay dbi
I I I I

1E ]
081y B
\
\
08 A
.
0 B
=
E L o e LOS L inertial: X b
2 |
S —LOS L _inertial: Y i
H
= =LOSL _inertial:Z
D2 - 4
DU 4
Mv i
48 1
| | | | | | | | | |
2 4 [} 8 10 12 " 1 18 2
Time(second)

Hinh 8. Dép ting vector L_inertial khi gdc nghiéng bé thay déi
+ Ddp ung cua hé théng khi tin hiéu phan héi vé duoc

tinh todn qua b6 quan sdt(SMO va CHGO):
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Los (dot)

" Dép tmg cla Los(dot) khi
f I
10k —LOS: Ldot_inertial: X
~-LOS: Ldot_inertial: Y
—LOS: Ldot_inertial: Z
5
0 i
5
10
15 ! ! ! ! !
0 1 2 3 4 §
Time (second)
Dap (rng vector dwéng ngim Los st dung bd quan sat CHGO
1F T T T T T
0.8+

LoOS

Ldot Inertial

-------- LOS: L_inertial:X
——LOS: L_inertial: Y

- - LOS: L_inertial:Z

08 | | | | | | |

0.2

04

06

038

0 5 10 15 20 25 30 35
Time (second)

Hinh 9. Dap ting Los(dot) va Los khi st dung bd quan sat CHGO

Dap tng cua Los(dot) khi str dung bo SMO
T T T T

------- LOS: Ldot_inertial: X

- - LOS: Ldot_inertial: Y

—LOS: Ldot_inertial: Z

0 1 2 3 4 3 6 7 8 9
Time (Second)

Dap (g cua LOS khi st dung bo QS SMO
T T T T

»»»»»»»» LOS: L_inertial: X

—LOS: L_inertial: Y

- - LOS: L_inertial: Z

2 3 4 5 6 7 8
Time ( Second)

Hinh 10. Dap ting Los(dot) va Los khi st dung b quan sat SMO
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Nhaén xét: Bo diéu khién st dung bd quan sat SMO cho
dac tinh 8n dinh han va tron han min han, B diéu khién
st dung bd quan sat CHGO bi hién tugng peaking lam d6
qua diéu chinh 1én (-100 dén 20) trong khi d6 qua chinh
cta SMO chila (-11 dén +11).

6. KET LUAN

Nghién cttu nay da thuc hién so sanh chi tiét gitra Bo
Quan sat Ché do siéu trugt (SMO) va B6 Quan sat Do Igi
Cao xép chéng (CHGO) trong viéc udc lugng vi tri, van toc
gbc va gia téc goc cho hé théng pan-tilt 2 bac tu do (DOF),
déng thai tich hgp phuang phéap diéu khién trugt dé én
dinh dudng ngam. Két qua moé phong cho thdy SMO vugt
troi vé do bén viing khi déi mat véi nhiéu va sy khong
chéc chédn ctia mé hinh, cung cap cac udc lugng trang thai
mugt ma vai sai s6 nho, du ton tai mét do tré nhat dinh.
Ngugc lai, CHGO thé hién t6c d6 héi tu nhanh va d6 chinh
xac cao trong diéu kién ly tudng, nhung nhay hon vai
nhiéu, dan dén dao dong I6n hon trong udc lugng. Vé
mat diéu khién, hé théng st dung SMO két hgp vai diéu
khién trugt cho thay dac tinh én dinh va tron tru hon, dac
biét trong viéc triét tiéu chuyén déng cha bé dé gil
dudng ngam cé dinh trong khong gian quan tinh.

Nhing phat hién nay dinh hudng r6 rang cho ung
dung thuc té&: SMO phu hgp véi cac hé théng pan-tilt hoat
doéng trong moi trudng phuc tap, nhu robot gidam sat
ngoai trai, nhd kha nang chéng nhiéu bén viing va hiéu
qua trong 6n dinh dudng ngdm. CHGO véi t6c d6 phan
ho6i nhanh, ly tuéng cho cac ing dung trong diéu kién
dugc kiém soat, nhu 6n dinh camera trong nha. Bé cai
thién hiéu suat, nghién ctu tuong lai c6 thé kham pha cac
phuong phap lai, két hgp d6 bén viing ctia SMO va toc do
hoi tu ctia CHGO, d6ng thai tich hgp cac ky thuat giam dé
tré, chang han nhu diéu khién du doén. Viéc trién khai cac
b quan sat va thuat toan diéu khién trén phan ciing thuc
té sé la budc tién quan trong dua cac giai phap nay vao
(ng dung thuc té.
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