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TOM TAT

Bai bao trinh bay vé diéu khién 6n dinh duting ngdm cho hé camera pan-tilt ddt trén bé chuyén dong. DE gidi quyét van dé nay, khac véi cic cong trinh da
dugc cong bé, dé sir dung chung mét khi do ludng quan tinh cho toan bd cac hé théng dét trén bé chuyén dong, phuong phap diéu khién da dugc dé xudt. Toan
tr quaternion dugc sir dung trong viéc nghién cttu quy ludt chuyén dong cta khéi tam, hudng thudc co hé pan-tilt sit dung trong hé théng 6n dinh bé cho mét
loat dai quan sat trén phuong tién co dong. Nho st dung cac todn tl quaternion, véc to dutng ngam gan véi khdi tam dugc dinh vi thong qua cac phép nhan
quaternion. Cam bién IMU s& do dac t6c do géc clia cac géc nghién trén bé, khi bé pantil dugc on dinh, goc va téc do goc cia co hé pan-tilt dusi téc dong cla
chuyén dong ldc cia phuong tién co dong sé chuyén dong theo mét quy luat nao do. D6 la gi tri dat cta hé diéu khién bam. Thuat toan diéu khién duoc tong
hop dua trén ché db trugt. D& han ché hién tugng rung, thanh phan gian doan cla lénh diéu khién dugc thay bang ham phi tuyén lién tuc. D tréi tdc do cda hé
thdng sé dugc kht khi hé thdng 6n dinh quan tinh va hé thong tu dong bam muc tiéu duot tich hap chung trong mdt hé théng diéu khién thong nhat. Cac két
qué cta bai bao duoc kiém chiing bang md phéng.

Tirkhéa: On dinh duong ngdm, ché o truot, quaternion, quy ludt chuyén déng, IMU.

ABSTRACT

In this paper, the line-of-sight stabilization control for camera pan-tilt on moving platform is concerned. Differ from other publications, in order to use one
common IMU for all system in moving platform, the control method is proposed. Quaternion operators are used in the study of the motion laws of the pan-tilt system
used in the platform stabilization system for a series of observatories on mobile vehicles. By using quaternion operators, the line of sight vector associated with the
pan-tilt system is located through quaternion multiplications. The IMU sensor will measure the angular velocity of the tilt angles on the platform, when the pantil
platform is stabilized, the angle and angular velocity of the pan-tilt system under the influence of the swaying motion of the mobile vehicle will move according to a
certain rule. They are desired parameters of tracking control system. The tracking control are synthesized by sliding mode control. In order to eliminate chattering
phenomenon, the discontinuous part of control is replaced by continuous nonlinear function. The speed drift caused by this replacement will be eliminate when the
inertial stabilization system and target tracking system are combined on one control system. The results of article are verified by simulation

Keywords: Line-of-sight stabilization, sliding mode control, inertial measuring unit, quaternion.
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1.DAT VAN BE

Hién nay cac hé thong va khi dat trén phuong tién co
déng dugc trang bi hé thdng diéu khién héa luc trén ca s&
thiét bi quang dién ti dang dugc phat trién manh mé [7].
DPé& c6 thé suc sao, phat hién va bam sat muc tiéu, cac thiét
bi quang dién t&r dugc dat trén bé quay tam va hudng.
Trong qua trinh hanh tién, do anh hudng cta dia hinh, dé
clia cac bé quay tam va huéng nay khéng nam & trang thai
thang bang ma luén dao dong theo ca ba géc trong khong
gian. Biéu nay lam cho truc quang cla cac thiét bi quang
dién tir cing dao déng theo, gay khé khan cho viéc phat
hién, bam sat va dinh vi muc tiéu. D€ khic phuc hién tugng
nay, cac hé théng 6n dinh dugc dé xuat. C6 nhiéu nghién
cltu dé xuat dén van dé nay trong thai gian gan day. Van
dé én dinh dudng ngdm da dugc dé cap trong [8, 9] bang
cach ¢6 lap cac anh hudng clia nhiéu trong hé théng 6n
dinh. Trong [10], cac nhiéu tadc déng dén hé thong pan-tilt
dugc chia ra thanh hai phan nhiéu bén ngoai va nhiéu bén
trong dé bu tri. Nhin chung cac nghién clu déu xem xét
hé théng én dinh dudng ngam nhu la mot hé phi tuyén bat
dinh vai tham s6 thay d6i [11]. Viéc 6n dinh dudng ngdm
dugc thuc hién bang cach do dao dong bé gan camera va
tlr d6 dua sang hé théng diéu khién dé khiranh huéng clia
cac dao dong nay. Cac hé thdng 6n dinh bé doi héi phai co
hé théng do ludng c6 dé chinh xac cao. D6i véi cac hé
théng 6n dinh bé nhu la mét hé théng phi tuyén cé nhiéu
va tham sé bién d6i, nhiéu phuong phéap diéu khién da
duoc dé xuat. B diéu khién PID van dugc sirdung nhd tinh
don gian clia no, dac biét khi két hap véi diéu khién thich
nghi [12], tuy nhién né khéng duy tri dugc chat lugng hé
théng khi c6 nhiéu. Diéu khién bén vimng tuyén tinh c6 thé
khdc phuc dugc nhiéu va bat dinh, tuy nhién viéc téng hop
bo diéu khién nay nhin chung la phuc tap, déng thai can
udc lugng dugc dong hoc clia nhiéu va bat dinh [13]. B6
diéu khién trugt (SMC) c6 hiéu qua tét trong viéc khdc phuc
nhiéu va bat dinh khi biét gigi han cudng dé ctia né, tuy
nhién con co6 hién tugng chattering [15]. Hé thong diéu
khién trén nén tdng mang no ron cling dugc dé xuat [16],
tuy nhién con cé nhugc diém la doi hoi nhiéu di liéu dé
hudn luyén mang, trong khi d6 déi v6i méi trudng hoat
dong da dang, dirliéu khé thu thap da, viéc huan luyén off-
line kho dat dugc chat lugng cao. Ngoai ra, viéc huan luyén
on-line do d6 phtc tap cdla mang no ron nén thai gian tinh
toan I6n, kho ap dung cho cac hé théng én dinh bé.

Trong thuc té trén mot phuong tién co déng cé nhiéu
thiét bi can én dinh, viéc st dung cho tiing thiét bi mét
hé cam bién sé gay ra lang phi va déi khi su déng bé ctia
cac hé théng khong dugc dam bao. Dua trén thuc té nay,
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bai bdo dé xuat sir dung chung tai nguyén cam bién quan
tinh: cac bo do toc d6 goc dat trén bé chung, déng thoi
st dung diéu khién ché do trugt dé diéu khién hé théng
én dinh dudng ngdm. D& khiac phuc hién tugng
chattering thanh phan gian doan trong lénh diéu khién
sé dugc thay bang ham phi tuyén lién tuc dang arctg(.).
Hé théng st dung cdm bién quan tinh gan trén bé dé do
dao dong clia bé, gitip hé théng diéu khién duy tri dudng
ngam 6n dinh trong khong gian quan tinh.

Cac hé théng 6n dinh dudng ngdm trén cac phuong
tién co dong thudng st dung co hé pan-tilt, trong d6 khoi
tam thuc hién chuyén déng quét trong mat phang dung,
khéi hudng thuc hién chuyén dong quay trong mat
phdng ngang. Phan ti bam dugc hé théng quang dién ti
xac dinh, sau d6 dua sang hé théng 6n dinh bé héa luc.
Dong luc hoc clia co hé pantil sir dung dé 6n dinh dudng
ngam trong hé théng quang dién tir da dugc nghién clu
trong [1]. Theo d6, nghién cuu [2, 3] da xac dinh toa do
dudng ngam va tinh toan géc truc clia co hé pan-tilt cho
hé théng 6n dinh déi vai phuang tién co dong, trén co s&
khao sat dac tinh dao dong bang cam bién do ludng quan
tinh trén mét s6 tuyén dudng dac trung. Tuy nhién viéc
tinh toan déng hinh hoc thudng dugc st dung phuong
phap xoay Euler truyén théng véi cdc ma tran xoay 4T
phuang phap nay sé c6 nhugc diém so vai quaternion: 1)
NO ton tai cac diém ky di ma ban than trong lap trinh thuc
té phai dung dén khda gidi han; 2) Phép quay T con phu
thudc vao thi tu quay gay réi, cing nhu nham lan khong
can thiét; 3) Ma tran quay la ma tran 3x3 nén dé biéu dién
can st dung 9 bién con déi vai quaternion chi can 4 bién
dé biéu dién. Do dé, viéc sirdung quaternion dé biéu dién
chuyén déng quay sé tiét kiém bd nhé hon trong qua
trinh tinh toan. Ngoai ra, viéc s dung quaternion cho
phép xac dinh ma tran chuyén khéng can xac dinh céac gia
tri sin-cos nén sé tang d6 chinh xac tinh toan; 4) Phuong
phap xoay Euler kém chinh xac hon cac quaternion khi
dugc sir dung dé tich phan cac thay déi gia tang cla tiing
trang thai tham sé hé thng theo thdi gian. Nhugc diém
cla phuong phap quaternion cling tén tai nhu: 1) Bon
tham s6 quaternion khong cé y nghia vat ly truc quan; 2)
Mét quaternion phai c6 chudn hoéa (d6 dai vector bang 1)
dé tré thanh mot phép quay thuan tay. Rang budc chuén
th6ng nhat, c6 dang bac hai, dac biét c6 van dé néu cac
tham s6 trang thai dugc dua vao ham s6 téi uu héa, sé gay
kho khan véi mé héa cac rang budc nay. Tuy nhién nhing
uu diém né mang lai la rd rang va I6n hon rat nhiéu nhugc
diém clia n6 nén né ngay cang dugc st dung réng rai cho
ung dung hién dai ngay nay.
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Bai bao trinh nay nghién ctiu st dung ly thuyét toan t

Quaternion do nha toan hoc Halminton phat trién dé giai
quyét bai toan dong hinh hoc, tir d6 lam ca s& cho viéc
tinh toan, diéu khién 6n dinh dudng ngdm cho cac hé
pan-tilt trang bi trén phuong tién co dong. N6 sé cung
cap mot giai phap hiéu qua va tudng minh cho viéc tng
dung vao diéu khién 8n cac hé théng pan-tilt s dung
IMU trong thuc té.
2. UNG DUNG QUATERNION TRONG GlAlI BAI TOAN
PONG HINH HOC CHO BAI TOAN ON PINH PUONG
NGAM CAMERA PANTIL TREN PHUONG TIEN CO DONG
2.1. Toan tu quaternion

Trong cac phép quay Euler ta thudng dinh nghia quay
theo mot truc cé dinh (OX, OY, OZ) nao d6 vsi mét goc
quay a cho trugc. Tuy nhién véi Quaternion ta sé thuc
hién quay quay mot vector u(x,y,z) véi goc quay u bat ky.
Dé biéu dién phép quay nay nha toan hoc Hamilton da
dinh nghia ra todn tir quaternion. Todn ti quaternion la
mot sé siéu phic dang sau:

Q = qo + 47 + g, + g3k
trong d6, qo, q1, 92, q3 la cac s6 thuc va tap {1, i, j, k}
tao nén co sé cho khéng gian vector quaternion.

Pai luong q4, q3, q3 la cac s thuc thé hién vector
quaternion, con s6 thuc q, dac trung cho d6 16n ctia phép
quay quay quanh vector nay. Cac thanh phan quaternion
néu trén cé thé dugc biéu dién qua gia tri goc quay va cac
goc gilta vector quay vGi cac truc hé toa do.

Quaternion thanh phan dugc xac dinh theo biéu thuc:

= cosE
o >

= sinEcosa
di1 2

q; = sin;cosB
.M

qz = smzcosy

vGi | la gid tri goc quay, con a, B, Y la cac goc gilia truc
quay va cac truc ctia hé toa do ban dau.

Qua biéu thurc trén ta thdy, quaternion Q la mot sé siéu
phuc chia ba thanh phan phtc. Trong d6 cac gia tri qq,
d1, 92, q3 clia quaternion tuong Ung la cac s6 thuc dugc
xac dinh qua cac thanh phan ctia mét vector quay. Ngugc
lai néu biét cac thanh phan nay ctia quaternion ddc trung
cho phép quay thi cling c6 thé xac dinh dugc dé 16n cla
vector quay cling nhu cac thanh phan cta vector quay
nay trong hé toa d6 XYZ ban dau.

Nhu vay c6 thé két luan rang, dai lugng quaternion cé
dang s6 siéu phtic véi ba thanh phan cé thé dugc dung
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lam mét bién trung gian dé biéu dién chuyén déng quay
clia mot vat. Khi co quaternion xac dinh sé tén tai mot
phép quay tuong ung va ngugc lai mét phép quay dugc
thuc hién bang mét vector quay ciing c6 thé biéu dién
bdi mot quaternion. Do dd, thong qua viéc tinh toan cac
quaternion ciing c6 thé cho phép danh gia cac phan tu
trong ma tran quay hodc cac goc tu thé gilra cac hé toa
dd nhan dugc sau khi quay. Quaternion sé c6 cac dinh
nghia nhu: Chudn quaternion, cédng hai quaternion, tri
hai quaternion, nhan hai quaternion, lién hgp, nghich
ddo... ching ta sé tim hiéu trong tai liéu [4].

2.2. Ung dung quaternion trong giai bai toan déng
hinh hoc cho camera pantil gan trén phuong tién co
déng

Gia st cdm bién quan tinh dugc dat trén phuong tién
di dong, tuc la dat trén dé cta phuong tién mang, duong
ngam cua hé pan-tilt dugc diéu khién béi hé truyén dong
phuong vi va hé truyén dong tam. D€ xay dung déng hinh
hoc clia hé théng ta sir dung cac hé toa do sau:

Hé toa do qudn tinh I, Hé toa dd qudn tinh di déng hay
hé toa dé chudn O, Hé toa d6 dé hay hé toa dé gdn lién B, Hé
toa do kénh phuong vi phdo A, Hé toa dé kénh tdm phdo E .

Hé toa d6 chuan O |a hé toa dé c6 tam trung vdi trong
tam ctia phuong tién mang, c6 truc OXo song song Vi
dudng vi tuyén, hudng vé phia déng, truc OYo song song
vGi dudng kinh tuyén, hudng theo huéng nam, truc 0Zo
hudng lén trén két hgp clung céc truc OXo va OYo tao
thanh mot tam dién thuan.

Hé toa do gan lién la hé toa dé c6 tam trung vdi trong
tdm clia phuong tién mang, c6 truc OX ndm trong mat
phang déi xiing clia phuong tién mang, vudng goc vai
mat phdng cit ngang va hudng vé phia trudc, truc 0Zg
nam trong giao clla mat phang déi xiing va mat phang
cat ngang clia phuaong tién mang va hudng Ién phia trén,
truc OYs két hop cling cac truc OXs va OZg tao thanh mot
tam dién thuan.

Hé toa dé phuong vi la hé toa d6 c6 tam nam trén truc
quay hudng clia phao, c6 truc OaXa ndm trong mat phang
déi xiing ctia phédo, vudng géc vaéi truc quay hudng va
hudng vé phia trudc, truc OaZa trung vai truc quay huéng
va hudng lén phia trén, truc OaYa két hgp cung cac truc
OaXa va OpZa tao thanh mét tam dién thuan.

Hé toa d6 tam la hé toa do c6 tdm nam trén truc quay
tam cla phdo, c6 truc OeXe nam trong mat phang déi
xUing clia phao, vuéng goc véi truc quay tam va hudng vé
phia trudc theo hudng clia nong phao, truc OeZe vudng
gdc vai truc quay tam va truc OeXe va huéng 1én phia trén,
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truc OeYe két hop cling cac truc OeXe va OeZe tao thanh
mot tam dién thuan.

Hé truc toa d6 tam & day ta co thé hiéu la hé truc DQS
hodc nong phao: truc Ox la truc camera hodc nong phao,
0z nam trong mat phang chuyén déng goc tdm ctia nong
phao (camera), Oy vuéng géc véi Oxz.

Mac du nhin chung cac hé toa dé c6 tam khong trung
nhau, tuy nhién vi bai toan 6n dinh khéng quan tam dén
toa do dai nén dé tién trinh bay déng thai khéng mat tinh
téng quat, c6 thé coi cac tdm ndy trung nhau. Ky hiéu
chung tam cuda cac hé toa do la diém O.

Sau day, goi tit cac HTD la O, B, A va E. Nhu vay goc
truc huéng (3 la géc quay ctia HTD A so véi HTD B quanh
truc Aza; goc truc tam € la goc quay ctia HTD E so véi HTD
A quanh truc Eye. Cac goc tam € va huéng  hoan toan do
dugc trong HTD lién két gan lién vGi phuong tién mang.

Xa Muc tiéu

Hinh 1. Biéu dién cac hé toa td trong hé pantil
Vi T{E} nhan dugc tur 3 phép quay sau toa do diém
T{O}.

- Phép quay thi nhat: Vi tri tuong d6i cda khoi bé so
vGi hé truc chuan, phép quay nay dugc xac dinh théong
qua cam bién IMU do t6c d6 gdc clia cac truc trong hé toa
do gan lién:

84 = chusd = [20 q1 q2 g3l (1)

- Phép quay tht hai: Vi tri tuong d6i ctia Khéi quay
hudng so véi bé, truc quay la vec to Oz c6 rg, = [0 0 1],
goc quay B:

Hu

a = "% = [cos 2

- Phép quay thur 3: Vi tri tuong d6i ctia khéi quay tam
so véi khoi quay huéng, truc quay la vec to Oy co
roy = [0 1 0], g6cquay &

0 0 sin g]. @)

Bq = Hu%‘rlrgq = [cos% 0 sing 0. (3)

Vector quay bi€u dién tuong quan gitta khéi tam
(dudng ngédm) va hé truc chuan:
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69 = 8a®84®%d = [dw dx dy 9] (4)
2.3. Tinh toan quaternion cta bé tir thong sé téc do
géc do dugc théng qua IMU gan trén bé

Tu t6c d6 goc cla cac truc trén hé toa d6 gan lién ta sé
tinh dugc g.

That vay:

Mét Quaternion tai thai diém t 1a q(t), tai thai diém
t+At la g(t+At),

Ta sé c6 Aq trong khoan thai gian At dugc thuc hién
trong khung cuc bd dugc hiéu la mét vector quay truc tuc
thoi u=ﬁ véi mot goc quay 8= ||w||At cling c6 thé mo ta

bdng quaternion

Ad=cos® + usin® = cogllellat | @ . llollAt
q=cos;+usin;  =cos— — SN
Ngoai ra:
qt+ At = q(1)* Aq = q(cos A= + 2 sin2ILL,
2 || 2
Do dé:
lloflat | o . |l]|At
q: lim q(t+At)—q(t): q*cos 2 +‘m‘sm 2 1=—q*w

At—0 At At 2
—Wx(x—Wy(qy —Wz(z
| ‘*)xqw-l'wzqy —Wy(,
1= 2 quw_wqu-l'(*)xqz
wzqw-l"*)yqx —Wxqy
Phép nhan gilta vector van téc goc w € |R3 va
quaternion q € |R4 dugc thuc hién bang cach biéu dién
vector téc d6 nhu mét quaternion thuan khiét véi thanh
phan qw =0, w = [0 wx wy wz] € |R4 do d6 tac co thé ap
dung dugc tich Hamilton.

Theo tai liéu tham khdo[4] ta sé co:

o1
q=5qw
2
1 (6)
q=70q
Trong dé:

w = [0, ®]: quaternion thuan khiét cho vector van toc
goc trong hé toa d6 gan lién.

®° = [0, °]: quaternion thuan khiét cho vector van
téc goc trong hé toa dé chuan.

Ngoai ra, cac dao ham lién ti€p ca gn dugc thu dugc
bang cach ap dung lap di lap lai biéu thic cta dao ham
quaternion, véi w'=0.

o1
q=590

=Law2+tac
q=;qw'+;qw
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w131 1
==qw’+; qow + 7 oo
qiz‘*:%qmi +.oon
Ta sé co:
t
fo(_wqu_myqy _mzqz) dt
t
q= ftq de =2 fo (wxqwtw,qy —wyq,) dt 7
- —3 rt
° ? fo (quw_wqu-l"*)xqz) dt
t
fo (quW'Hqux _quy)dt
2.4. Giai bai toan én dinh duéng ngam ti quaternion
¢6 dugc do IMU tra vé
Ta sé tim mai lién hé gitra t6c d6 quay clia hé truc gan
lién vai téc dd quay clia hé truc lién két.
Theo cong thc (6) ta sé co:
. 1 _ 1 o
q= > qw = ) w-q
Hay:
qw = w°q
w = Jw°q
Trong do6:
w = [0, w]: quaternion thuan khiét cho vector van téc
goéc trong hé toa do gan lién.
w° = [0, w%]: quaternion thuan khiét cho vector vén
téc goc trong hé toa dé chuan.
g: Toadn t quaternion cho phép quay tu hé toa d6
chuén sang hé toa do lién két.

bat: m=q=[qo —q: —q2 —q3].

® = mw°m (8)
Hay:
wf wk
| =KP |wy 9)
w? w!

Thuc té bé lai chuyén déng tu than né quanh cac truc
tu do clia hé toa dé lién két do dé:

b I
(DX (DX
wb| =KP |wy [+ OF (10)
I
wy wy
Trong do6:
b _
KI -

a5 +9i—a3—a3 2(q192 +q390)
2(9192 — 93q0) 95 —af+q5— a3
2(d193 + 9092) 2(d293 — 9091)

oFf = (657 Oy] 67)T

2(q293 + q0491)

2(d193 — 9042)
(1)
95 —qf —q3 + a3
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Ap dung (10) cho bai todn dong hinh hoc én dinh
dudng ngam:

Gia sir cdm bién quan tinh dat trén phuaong tién mang,
do dugc téc d6 goc cla hé toa dd gan lién trong hé toa
dé chuan. T6c d6 gdc clia cac hé toa dé so vai hé toa do
chuan dugc ky hiéu nhu sau:

wp = (W 0y w3)T:Técdd gdcclahétoadd gén
lién.

wp = (W8
phuaong vi.

oM : Téc d6 goc cha hé toa dod

S

oE)T : Téc dd gbc clia hé toa dod

<m

wg = (0f o
tam.

Géc O le gilta hé toa d6 phuong vi véi hé toa dé gan
lién la B, B dugc thay d6i nha hé truyén déng phuong vi.
Go6c O le gilta hé toa d6 tam vai hé toa dd phuong vila g,
¢ dugc thay d6i nhd hé truyén dong tam. Nhu vay téc do
gdc clia hé toa d6 phuang vi va hé toa d6 tam dugc xac
dinh tir téc d6 goc clia hé toa do gan lién, cac goc G le va
téc d6 goc cla hé truyén déng tam va hudng.

G6c quay cla hé toa do phuaong vi:

wn = Ka(0N)os + 08, 05=(0 0 BT

Theo (2) ta sé co:

(12)

A _ Huéng _ B . B
Bq = Béq—[cos; 00 sm;].
Thayvao (11) taco:

K§ =

2(q193 — 9042)
2(9293 + 9091)
45— a; —q3 +q3

2(q192 + 9390)
45— qi +95 —q3
2(9293 — 9091)

Q3 +ai — q3 — a3
2(4192 — 9390)
2(q193 + 9092)

Co2—Skra  2Cp/2Spy2 0
Kg = |—2Cp/2Sp/2 Cj2 — Sy 0
0 0 Cg/2 + Sg/2
CB SB O
K§=|-SB CB 0]
0 0 1
Luc d6 (12) c6 dang:
(] [cp sp o7 [w=] O
w} =[—ss CB ol* wy |+ Ql
lwa] Lo 0 1l],B] LB
[wA] wE*CB+w$*SB-
wy | =|-ws «SB+ wh «CB (13)
[ w2 ] ooZB+B

Géc quay clia hé toa do tam:
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Theo (3) ta co:
Bq = Hu%‘rllgq = [cos% 0 sing 0.
Ki =

95 +9f —q5 — a3
2(q192 — 9390)
2(q193 + 9092)

2(q193 — 9o92)
2(q293 + 9041)
q5—qi —q5 + g3

2(9192 + 939o)
q5—ai +95— a3
2(d293 — 9091)

Cé—s? 0 —2CeSe
2 2 2 2
KE=| O Cé+5¢? 0
A z 2
2CeSe 0 Cé—s?
2 2 2 2
Ce 0 -—Seg
=0 1 0
Se 0 Ce
(] rce 0 —sep [@x] T0
wil=lo 1 0 [of|+]t
[wE] 1Se 0 Cel[pA 0
[(wE] 0 * Ce — wh = Se
wy| = wy +¢ (15)
[wE | W * Se + wh * Ce
coE=(wE*CB+w$*SB)C€—(wE+B)SE
wy = —0F *Sp+ wj xCR+¢ (16)

u)§=(mE*CB+w§*SB)S£+(wZB+B)Cs

Phuong trinh (16) la co s& dé xac dinh cac gia tri dau
vao cho cac hé truyén dong dé diéu khién cac goc
phuong vi va goc tam trong khong gian quan tinh. Trong
ché&d6 6n dinh, t8c dd goc clia hé toa d6 tam trong khéng
gian quan tinh théa man:

B = (17)

Dé théa man diéu kién (17) gia tri téc dd gdc clia cac
hé truyén dong dugc xac dinh nhu sau:

B =—tge(wf +CP+ wE «SP) — b (18)
&= wg *SB—wy *CP (19)
Tu (18) (19) nhan thay van téc géc mong mudn nham
6n dinh dudng ngdm phu thudc vao van téc géc cla
phuong tién mang va cdc goc quay clia cac hé toa do va
dao ham cuia n6. Pay la cac tham sé can do trong hé
théng dé c6 thé tich hgp hé théng 6n dinh dudng ngdm
vao hé théng diéu khién sdn co.
3. TONG HOP HE THONG ON DINH DUONG NGAM
Trong hé théng 6n dinh dudng ngadm, van téc goc clia
dudng ngdm hay van téc goc ctia bé gan thiét bi theo cac
truc phai dugc duy tri sao cho dudng ngdm trong khéng
gian quan tinh dugc 6n dinh. Mé hinh déng hoc hé théng
6n dinh dudng ngdm dugc mo ta bang phuaong trinh (20):

wE =0,k =
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{1 =0 G =k{, +bu+f (20)

V6i Uy, 0y, {thi tu 13 vi tri géc 0, van téc goc 6 va gia
tdc goc B cla hé truyén dong, k 1 hé s6 ma sat nhét, b 1a
hé sé ty 1é nghich véi mé men quan tinh ctia hé, u la lénh
diéu khién hay mé men chi déng dugc dua vao hé théng,
f1a téng sai s6 mo hinh cling nhu cac thanh phan bat dinh
khac tac dong vao hé théng quy ra dau vao hé théng.

Trong ché d6 6n dinh, gié tri géc mong mudn, van téc
géc mong mudn va gia téc géc mong mudn tha tu ky
hiéula 84,64, 84 .

Ditx; = 8 — 04;x, = 6 — B, phuong trinh ddng hoc
(20) trg thanh:

X1=X2;X2=kX2+bu+f+d (21)

C6 thé stir dung diéu khién thich nghi dé€ tong hgp hé
théng 6n dinh dudng ngdm cho camera trén phuong tién
co déng, tuy nhién né c6 nhing nhugc diém nhu: véi hé
théng c6 tham s6 bat dinh, bién déi nhanh nhu su thay
déi ctia bé xe mang trong diéu kién hoat dong trén dia
hinh phic tap thi chat luong diéu khién thich nghi khéng
dam bdo... chinh vivay dudi day sé dé xuat phuong phap
diéu khién truct trén ca s& cac phuong phap nhan dang
dugc cac thanh phan bat dinh da dugc xay dung [10].

V6id = (k84 — 84) la thanh phan dau vao, dugc xac
dinh theo cac cong thuc (18) (19), f la thanh phan bat
dinh, f c6 thé dugc nhan dang bang mang na ron nhan
tao [1, 2] véi sai s6 nho tuy chon:

f=f+f [fj<o

v6i f la udc lugng clia f va f 13 sai s6 udc luong,
véi o la s6 duong nho tuy y,o > 0.

Khi d6, déi vai hé (21) vaéi phuong phéap udc lugng
nhiéu véi sai s6 udc lugng dd nho, bi chan (22), ché d6
truot dugc ap dung dé téng hop Iénh diéu khién. Phuong

(22)

f|$6

trinh mat trugt: s = cx; + X, (23)
Lénh diéu khién dugc chon nhu sau:
u=—t[c+Rx, +i+d+ (0 +e)sgn(s)]  (4)

Vai € la s6 duang nhé tuy y. Véi Iénh diéu khién (16),
hé (13) sé 6n dinh tiém can. Diéu nay c6 thé kiém chiing
bang phuong phap Lyapunov. Chon ham Lyapunov:

V= %sz

Khidé V = s$ = s(cx, + kx, + bu + f + d) (25)
Thay gia tri u tu (24) vao (25) nhan dugc:

V = s§ == s(—osgn(s) + f — esgn(s)) (26)

K&t hop véi (23) nhan dugc:
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V =55 <s(—esgn(s)) <0
Nhu vay, hé (21) én 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 khdc phuc hién tuong nay, thay vi st dung
thanh phan ham dau trong lénh diéu khién, ham phi
tuyén arctg(.) sé dugc sir dung. Khi d6 (24) dugc viét lai
thanh:

(27)

u= —%[(c +K)x, +f+d+ aarctg(ys)] (28)
Khi d6 (27) trg thanh:

V = s$ = s(—aarctg(ys) + ) (29)
V < 0 khi aarctg(y|s|) > o, hay |s| > o/ay. (30)

Khéng mat tinh téng quat, chon o =1 , khi dé
V < Onéu's > o, néi cach khac,

lim|s| <o, (31

t—oo0

C6 nghia la s sé nam trong lan can o cda 0, ky hiéu la
0(o). Ttrkhi s tién t6i 0(o).

VGi diéu kién (31), sai s6 t6éc dd goc toi da dugc tinh
nhu sau:

Diéu kién (34) dong nghia véi viéc x; nam trong lan
can % két hgp véi (31) x; sé nam trong lan can o/c, ¢
nghia la dudng ngdm sé bi troi trong khong gian quan
tinh véi van téc t6i da 1a 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.

DE kiém chiing két qua trén, dudi day sé trinh bay két
qud mo6 phéng.

4. MO PHONG, TiNH TOAN, THAO LUAN

Diéu kién mo6 phdng: Hé pan-tilt dugc dat trén tau co
van téc goc clia hé toa d6 gan lién la wg, vGi cac géc ban
dau cta hé toa d6 gén lién la 6,(0),0,(0),65(0) va gbc
ban dau ctia hé toa dé pan-tilt 1a £(0), B(0), thanh phan
nhiéu nhan dang dugc |a fva thanh phan sai s6 nhan dang
laf.

Cac tham s6 clia hé thong:

wg = {(0,2sin(0,02t) 0,02sin(0,5t) 0,13 sin(t/3)}T
02(0) = By£(0) = 0,65(0) = 8,¢(0) =0,
8,(0) = 8xc(0) = 0,£(0) = 87;(0) ==,

B(0) = By5(0) = pi/4.

Chon ham Lyapunov vV, = %xlz (32)
. f=0,015sint,f = 0,001sin(t + 5pi/2),
Khi d¢, V, = X1X; = X1(s — ¢Xq) (33) ( pi/2)
X 1 R v =10,a=0,2 i,y = 10pi/2
TUu (33) dé dang nhan thay: ¢ * Umax/PhY P1/2Umax
. 5 Upax = 1,5,b = 1/10,k = —15, 6 = 0,002
< i = . . .
V<0 khi %11 > c (34) Lénh diéu khién dugc tong hgp theo (28):
W |w, W
R YR
Wyl = WyQy —Wzz q X W
gl ::?Iutr‘u)f;,;;:ygl q, »| Phép nhan quternion o [z (lauac+ aya)1- 2062+ a3) ?
i my ¥ u‘lz I—:u" y E,_8 Bz P (0| = arcsin (2(qudy + 4:05)) -
20w H 0y —@edy j q, —buq_ 0q®3Q®Aq =[gy 0 {y A L |w| lnrnnz(z{auanir}jl‘-‘2’(0_.""0;']) 9
1 T:

Wy |y [
8’- 1 8' f‘q:m;';';g:[ms; Dn'HE 0]
Thuat toan €P),, 5 €, fo e el 0 0 s
A
(€B)

Hinh 2. So d6 tinh todn gdc Roll, Pich, Yaw cho hé pantil 6n dinh véi tin
hiéu phan hoi ti cam bién IMU
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u= —%[(c +K)x, +f+d+ ocarctg(ys)] ‘ Nhan xét: Trong hinh 3 miéu ta dap Ur,]g tl"n hiéu goéc
tam va goc phuaong vi sao cho dudng ngam on dinh khi
bé dao dong. Hinh 4 mo ta dap Ung mat trugt cla bo
diéu khién trugt dé gitr dudng ngdm &n dinh, hinh 5 thé

Vector quay biéu dién tuong quan gilta khéi tam
(dudng ngédm) va hé truc chuin:

64 = 09®8A®:q = [dw dx dy 9] (35)  hién méi quan hé gitfta goc tdm, goc hudng véi goc clia
Ngoai ra theo [4], 4p dung cho phép quay thirty3-2-1  vector dudng ngam trong khéng gian. T mé phéng ta

ta co: thay, trong tat ca cac truong hgp thi dap tng géc Pich
va Yaw déu 8n dinh quanh truc ctia n6 khi c6 tac déng

atanz z(q“’q +ya,). 1 - 2(ak + qY)) theo cac hudng. Goc roll ¢6 su thay déi, dao dong tuc

arcsin (2(qudy + 4xd)) (36)  dudng ngédm tu quay tron quay truc ctia né. Tin hiéu nay

atan2 Z(qmq +0x0y), 1 — 2(q2 + qz)) gui t6i may tinh xt ly &nh dé xoay anh gilip ngudi quan

sat luén thdy muc tiéu ndam trong huéng c6 dinh trong

Mong muén diéu khién én dinh( khi wg(0) = 0): A .
khong gian.
+ Pich(t)=£(0) = 8,5 (0) = pi/6;

+ Yaw(t)= B(0) = 8y4(0) = pi/4;

02 ~ ——SineWave P[] 15 — Beta angel %

YRR
ARGy I i N\Hf
|

‘I

_, Yl
% TV k-

0.2

15
003 H n |——Sine Wave 1 1 ——Epsilon angel
il w LAY

OIS A4
ARIRIAVARTA TRl

Ml | | |

0.03

!
015 !
1 O

04

005 ’
|
|
|

0.08

RIARRARNARRAARRANARRRARA

.15

0 50 100 150 20 %0 30 30 400

Hinh 3. Dép ting diéu khién €, B vdi tin hiéu bé wx, wy, wz d& bé on dinh
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Hinh 4. gia tri diéu khién &, B va mat trugt cla epsilon, mét trugt beta cla

bo diéu khién trugt

Z /1] A /?/ Vo Aaan oA ==
1 05 \ ,\
VT A~ S L VT A

: AS VS A [ \V [ //V W l/ /AVI \\I

3 ‘ v
= A N A AT
” AN AN ANV
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0 50 100 150 200 250 300 350 400
Hinh 5. Tin hiéu epsilon, beta, roll, pich, yaw khi bé 6n dinh
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Hinh 6. Dap ing tin hiéu géc pich-Yaw trong bai todn 6n dinh bé
5. KET LUAN

Nhu vay, véi viéc st dung cdm bién van toc géc gan
lién véi cac truc chia hé toa do gan lién, sir dung phuong
phap quy déi gilta cac hé truc toa dd thédng qua toan tu
quaternion, két hop st dung bé diéu khién theo ché dé
truot vGi thanh phan diéu khién gian doan dugc thay thé
bang thanh phan diéu khién lién tuc phi tuyén, viéc bu
anh hudng ctia dao déng cla bé Ién dudng ngam cuia cac
thiét bi quang hoc da dugc thuc hién. Giai phap duara da
lam suy gidm dnh hudng clia dao ddng clia bé Ién dudng
ngam, déng thai khac phuc dugc hién tuong chattering
la nhugc diém ctia ché do trugt. Tuy con c6 sai s6 6n dinh
do anh hudng cla sai s6 nhan dang thanh phan nhiéu,
nhung céc sai s6 nay nho va hoan toan cé thé dugc khi
dugc khi tich hgp hé théng 6n dinh véi hé théng tu déng
bam. Gidi phdp nay c6 khd ndang Uing dung cho cac hé
théng bam muc tiéu trén cac phuong tién di dong trén
mat dat hoac trén bién.
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