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TOM TAT

Nghién citu dé xudt mdt bd diéu khién thu ddng két hgp bo quan sat trang
thai cho hé thdng cau truc con lac doi. Dong luc hoc clia hé thong dugc xdy dung
bang cach dp dung phuong trinh Euler - Lagrange. Dua trén phuong trinh dong
luc hoc, bo diéu khién dugc xay dung cho phép hé thing di chuyén tai trong t6i vi
tri mong mudn dong thai gidm rung 1c. Bo diéu khién dam bao tinh 6n dinh theo
tiéu chudn Lyapunov. M6 phéng dugc thuc hién dé xac thuc tinh chinh xac va hiéu
qué cla bo diéu khién. Do yéu cdu vé @ chinh xac vé vi tri, g6c dao dong nhd, thoi
gian dap ting khdng qué I6n nén bo diéu khién phai c6 chét lugng cao va phil hap
vdi tling hé thong.

Tir khéa: Cau truc, diéu khién thu dong, bd quan sdt trang thdi.

ABSTRACT

The study proposes a passive controller combined with a state observer for
the double pendulum crane system. The dynamics of the system are built by
applying the Euler-Lagrange equation. Based on the equation of dynamics, a
controller is built that allows the system to move the load to the desired position
while reducing vibration. The controller ensures stability according to Lyapunov
standards. Simulation is performed to validate the accuracy and efficiency of the
controller. Due to the position accuracy requirements, slight oscillation angle, and
transit time of the crane, the controller must be of high quality and suitable for
each system.
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1. GIGI THIEU

Trong bdi cdnh phat trién manh mé cla khoa hoc ky
thuat, cac déi tuong diéu khién trong cong nghiép ngay
cang phc tap va doi héi su thich ting cla cac hé diéu khién.
Hé théng cau truc la mét trong nhiing dai dién tiéu biéu, ing
dung phé bién trong nhiéu linh vuc nhu céng nghiép van tai,
nha may luyén kim, trong céc cang bién, kho bai, xay dung
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lap dat,... vai chi phi lap dat thap, dé dang trong cong viéc
thay thé va bao tri hé théng. Vi vay viéc nghién clu, phat
trién hé théng cau truc thu hat su quan tadm 16n ctia cac nha
khoa hoc trong nhiéu thap ki gan day. Trén thé gidi da c6
nhiéu céng trinh nghién cdiu vé dong luc hoc va diéu khién
cau truc bao gbm moé phoéng va thuc nghiém, nhiéu thuat
toan diéu khién dugc sit dung trong nghién ctru diéu khién
can truc, mbi thuat toan diéu khién déu cé nhiing uu nhugc
diém khéc nhau. Diéu khién tuyén tinh (Linear Control) [1],
b6 diéu khién tuyén tinh kho déap tng dugc cho hé ciu truc
khi tinh dén ma sat hay su thay ddi ctia day treo. Diéu khién
phi tuyén (Non-linear Control) [2], b6 diéu khién phi tuyén
cling can phai xac dinh chinh xac mé hinh diéu khién. Diéu
khién t6i uu (Optimal Control) [3], véi diéu khién t6i uu tap
trung vao t6i uu vé thai gian, nang lugng. Tuy nhién, thuat
toan nay khong tap trung cai thién chat lugng (d6 rung lac,
dé qua diéu chinh,...). Diéu khién bén vimng (Robust Control)
[4], véi uu diém khong can méd hinh chinh xac. Diéu khién
thich nghi (Adaptive Control) [5], cé kha nang thich nghi véi
su thay déi ciia thong s6 hé théng va nhiéu tac dong. Diéu
khién truot (Sliding mode control) [6] va diéu khién hién
dai/diéu khién théng minh (Modern Control/Intelligent
Control) [8, 9], cac bd diéu khién théng minh c6 kh3 ning
thich nghi va khong bat budc phai c6 mé hinh chinh xac ca
déi tugng diéu khién. Bo diéu khién MPC (Model Predictive
Control) [10], c6 uu diém cla né trong viéc gidi quyét rang
budc clia hé théng.

Hé théng cau truc con lac kép vai tinh chat hut co cdu
chdp hanh c6 kha nang di chuyén theo phuong ngang ciing
nhu nang chuyén theo phuong thang ding. Hé théng nang
chuyén c6 thé dugc gan cd dinh trong nha xudng hoac dugc
dat trén bé di dong dé tang tinh linh hoat. Do thiét ké ca khi
clia cd cdu nang chuyén va tinh mém cla day ciu dan dén
su rung lac clia tai trong trong qua trinh van hanh lam giam
hiéu suat, @6 an toan cta cc cau nang chuyén, ngudi va cac
thiét bi xung quanh. Trong nghién ctu nay, ching téi s
dung mé hinh cau truc con lac kép trong khéng gian 2D véi
4 bac ty do bao gébm chuyén dong clia xe va 2 chuyén dong
cla hai tai trong.
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Trong bai bao nay, phuong phap diéu khién diéu khién
thu dong két hgp bd quan sét trang thai dé cai thién chat
lugng diéu khién clia hé thdng, nang cao hiéu suat lam viéc
dugc dé xuat, trién khai. Nghién ctiu thuc hién xay dung mo
hinh cau tru kiéu con l&c kép trong khong gian hai chiéu trén
phan mém Matlab/Simulink.

2. MO HINH PONG LUC HOC CUA HE THONG

Cau truc kiéu con kép trong khéng gian 2D dugc mé ta
trong hinh 1.

A

Hinh 1. Mé hinh hda cau truc kiéu con lac kép

Trong mé hinh cau truc kiéu con lac kép trong luong cda
xe ddy dugc ki hiéu 1a m (kg), trong lugng moc treo la m;,
trong lugng cua tai trong |a my, luc tdc dung lén xe ddy F(N),
g6c dao déng clia méc so véi phuong thang ding 1a 6,, goc
dao ddng cla tai trong so vGi phuong than ding 1a 6, va vi
tri cla xe theo phuong ngang la x(m).

Xuat phat tir phuong trinh Lagrange ta ¢c6

dfoL)| oL _

HEA "

Trong d6: L |a lagrange, q; |a toa d6 t6ng quat, T1a ngoai
luc tdc dung

L dugc tinh theo cong thic: L=K-P (2)

Trong do: K la dong nang cta hé, P 1a thé nang cda hé.

Tur hinh 1 ta dugc ddng nang clia hé dugc tinh bang:
1 1

jm1(vfx +vfy)+§m2 (Vi +V3) (3)

Trong d0: viy, vy la van téc moc treo theo hudng x vay.

K:%mkz+

Vax, Vayla van tOc tai trong theo hudng x va y.
v, =x+18,cos6, A =—18,sinb, 4)
v, =Xx+10,c0s6,+1,8,cos6, v, =—86,sin6,—1,8,sinb,
Thé nang ctia hé dugc tinh:
P=mgl(1-cos6,)+m,gl(1-cosB,)+1,(1-cosB,)] (5)

Phuong trinh Lagrange cho hé cau truc kiéu con lac kép

L=K—P
1 2 1 2 2 1 2 2 6
jmx +2m(v +V; )+§m2(v2X+v2y)—m1glw(1—cose) ©6)

-~ Zg[lw(1—cosew)+lz(1—cosez)}
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d /0Ly L ) }
a(&) - & = (m + m1 + mz)X + (ml + mz)llel Cos 61
—(m1 + mz)llé% Sll’l el + mzlzézz COoS 62
dioL| oL
dt[@gj 0, =(m, +m,)lXcos8, +(m, +m,)6,

.. . 8
+m,l1,0,cos(6,—6,)+m,l1,62sin(6,-6,) (®)
+(m,+m,)gl,sinB, =0

dioL| oL . A A
Tl ~~ | =yl 2 zzez+mzl1lze1ccs(e1_ez)
dt[aez] %, ©)

—m,16:sin(B,—8,)+m,gl,sinB, =0

TU codng thuc (7), (8), (9) ta dugc cac hé phuong trinh
dong hoc cda hé la:

~m,),|,87 sin(8,~8,)-+m,gl, sinB,=0

(e +my )3 my+my )18, cos8,+m, 1,8, cos,
~(my+m, )67 sin6,—m,,65 sinB,=Ff

(my+m, )I;cos8,+(my+m, )6, +m, 11,8, cos(6,-8,) (10)
+myl 1,63 sin(6,-6,)+m,+m, )gl, sinB,=0

m,l,%cos8,+m,1,1,8, cos(,-6,)+m, 28,

—m,11,82 sin(8,-8,)-+m,gl, sin6,=0

Mé hinh dugc xdy dung duéi dang ma trdn nhu'sau:
Phuaong trinh trang thai clia hé cau truc con lac kép c6

dang [11]:
M(q)d+C(a.)a+G(q)=
Trong dé:

(1)

a=[x 6, 6, ]T la mot vector clia cac bién toa dé suy rong.
1=[F 0 0]T la mot vector chia luc téng quit.

M(q) la ma tran quan tinh 3x3.

c(q,q)q la vector chira cac momen hudng tam.

G(q) la vector cta luc hap dan.
g la gia téc trong trudng, g = 9,8m/s2

Céc ma tran M(q), C(a,9)q, G(q) dugc xac dinh:

m+m+m  (m+m)lcos6,  ml,cos8,
Ma)=| (m+m)leos® (m+m)f  mll,cos(§-6,)| (12)
mhaos®,  mlls(§-6) mf ]
0 —(m+m,)6,sinG, —m,L,8,sin6,
C(ag)=|0 0 m11,8,sin(6, -6,) | (13)
0 -mllL8 sin(6,-6,) 0

[O m, +m, gI sin@, m,gl,sin6 ] (14)
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3. THUAT TOAN PIEU KHIEN HE THONG

3.1. B6 diéu khién thu déng (PBAC: Passivity - Base Anti -
sway Control)

Tinh thu déng la mét trong nhitng khai niém hap dan
nhat vé mat vat ly trong ly thuyét hé théng va da dugc su
dung nhu moét cong cu co ban trong viéc phat trién cac
céng cu diéu khién cho cac hé théng tuyén tinh va phi
tuyén. Diéu khién theo nguyén ly thu dong la thuat toan
diéu khién dua trén dic tinh thu dong cta hé théng véi
muc tiéu lam cho hé kin cling la mét hé thu dong véi ham
luu tr nang lugng mong mudén [12 - 15]. Hé théng cau truc
treo kiéu con l3c kép 1a hé thu dong [11] c6 téng ning
lugng ctia hé théng dugc xac dinh béi dong nang cdng véi
thé ndng nhu sau:

NP .
E(q,q)=5qTM(q)q+P(q) (15)

Trong dé:%qTM(q)q la déng nang cda hé, P(q) la thé
nang cla hé.
Thuc hién dao ham (15) véi thoi gian t ta dugc:

N N .
E(q,cr|)=qTr+5qT [M(g) —2C(q,§)1g =qTr+5qTN(q)q (16)

Trong dé: N(q,4)=M(q)—2C(q,d) 1a ma tran ddi xting
xiéndo d6 q'.N(q).q=0

Cong thuc (16) trg thanh: E(q,q)=g't (17)

Véi q=Ix,0,,6,1", T=[f,0,0]" thay vao (17) ta dugc:

Elq g =xf
Tich phan 2 vé cia phuong trinh ta dugc:

(18)

t

[fdt = [E(a,q)dt = E(a(t),a(t) - E(q(0), 4(0))

0

(19

Do E(q(t),q(t)) =0, cong thic (19) c6 thé viét thanh:

t

j xfdt > —E(q(0),¢(0))

0

(20)

Tathdy (f[x), >—£(q(0),a(0)), tirdinh nghia vé tinh thy
déng cong thic (19) chi ra rang hé théng cau truc kiéu con
l&c kép bi dong d6i véi dau vao f va dau ra x . Do d6, co thé
phat trién bd diéu khién chéng rung théng qua thudc tinh
clia sy thu dong.

Chon ham Lyapunov:

V(.9 =%k1>'<2 +%k2(x _x,? +k,E@a-Pa,) @1

Trong do: x4 1a vi tri &t mong muén (m).

ki, ka, ks la céc hang so.

P(qq 1a thé nédng tai vi tri mong muon.
Pao ham V(q,q) theo thai gian ta dugc:
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V(q,9) = k%X +k,x (x —x, ) +k,E(q.,q) (22)
Ta thay thé céng thirc (18) vao céng thic (22) ta dugc:
V(q,G) = kXX + kX (x — x4 ) +kxf

=x(KkX+k, (x—x4 ) +k,f) 23

D& dam bao 6n dinh vong kin Lyapunov thi ham mong
muon la:

V(q,q) =k, x°
Trong do: ks la mét hang s6 duong

(24)

3.2. BO quan sat trang thai (ESO: extended state
observation)

Trong phuong trinh déng luc hoc phi tuyén, mot s6 bién
trang thai nhu van téc cda con lc hodc xe ddy (q) khé c6 thé
do dugc. Bé quan sat trang thai (ESO) dugc thiét ké dé xu ly
nhiéu loan bén trong, khéng chi quan sat cac bién trang thai
ma con udc tinh phan phi tuyén khéng chac chan cta hé
théng va nhiéu loan [16].

Trong mét bd quan sat dugc thiét ké, cac bién trang thai
dugc dinh nghia nhu sau:

X1 =q;X2 =q (25)

TU phuong trinh (11), ddng luc hoc clia hé théng c6 thé
viét lai duéi dang:

X1=q
)’(1 = X2
%, = H'(qQ)F —H™'(q)(C(q,4) + G(q) + D)
Trong d6, D la nhiéu anh huéng dén cau truc,
T
D = [dy, dg,, o, |

datf(q,q,t) = H'(q)F — H™*(q)(C(q, q) + G(q) + D)

vector ham phi tuyén f(q, g, t) € R**' biéu dién c& phan
phi tuyén bat dinh va nhiéu loan goi la nhiéu toan phan. Lic
nay nhiéu loan toan phan trg thanh bién trang thai mé rong
f(q,q,t) = x3 cla hé théng.

(26)

Gia thiét (*) nhiéu téng f(q, g, t) va dao ham cda né gia
dinh c6 gidi han va lién tuc.
Cong thuc (26) dugc viét lai:

).(1 = XZ
X, = x3 + HT'(q)F (27)
X3 = ¢(t)

Trong do6, ¢(t) la dao ham cuda f(q,q,t). Cac bién z
dugc dinh nghia la cac bién quan sat cda bién trang thai x;
(I=1-3). Do d¢, sai léch cta bo quan sate; = z; — x; la xac
dinh. Dua vao cong thuic (27) cong thuc b quan sat dugc
viét lai nhu sau:

zy =2, — A
75 = X3 + H™1(q)F — A, Fal;
z3 = —A,Fal,

(28)

Trong d6 A4, A,, As, la cdc ma tran duong co kich thudc
3x3. Fal; va Fal, la cac ham cula e; dugc xéc dinh theo cong
thuc:
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€1
s1-v1 <
Fal;(e;,v,6) = { 81-v1 ’max[eﬂ <38
[e,]¥1sign(e,) Max[e;] > & )
51e—1Vz max[e;] < &

Falz(e,,,8) = {[el]YZSign(el)'maX[el] > §
Trong d6, §,v,,v, la cac tham sé duong trong dé
v,€(0,1) vay,€(0,1)
TU cong thuc (28), (29) ta cd cong thic tinh sai léch cla
b6 quan sat ESO.
e, =e; — ey
é, =e; — A,Faly
é;3 = ¢(t) — AsFal,
Sai s6 trong phucong trinh déng hoc dugc dé cap trong
gia thiét (*) sé xap xi vé 0 néu cac hé s6 trong ma tran A,
dulon.
Chung minh: Xét ham Lyapunov:

(30)

31)

Trong d6 K, K,, K3 la céac hang s6 duong. Bao ham cda
ham Lyapunov (31) la:

1,7 1.7 i.T
VESO —Eel Klel +Ee2 Kzez +EE3 K3€3

VESO = elTKlél + eZTKzéz + e3TK3é3 (32)
Thay (30) vao (32) dugc:
VESO = _elTKlAlel + elTKlez_ezTKzAzFall

_e3TK3A3Falz + eZTKze3 - E3TK3§(t)

Néu Iya chon tham s6 A, d0 16n thi V < 0 thi sai léch sé
tién vé 0 va tinh 6n dinh ctia ESO dugc chiing minh.
4. MO PHONG VA KET QUA

M6 phong thuc hién hai truong hop khi khéng c6 bo
quan sat ESO va truong hgp c6 bo quan sat ESO trong hai
giai doan: giai doan 1 trong 10s d4u tién, vi tri xe dugc dat
tai vi tri cach vi tri ban dau la 0,6m. Giai doan 2 la trong 10s
tiép theo, xe di chuyén vé vi tri ban dau tuong Ung vdi vi tri
dat va ca trong hai giai doan thi géc dao déng clla moc treo
va tai trong phai lubn nam trong gia tri cho phép la
—-10°<0, £10°.Thong sé dugc st dung trong bai moé phong
dugc trinh bay tai bang 1.

Bang 1.Thong s6 ciia hé thdng khi khong st dung b diéu khién

STT Théng sé Ki hiéu Gia tri Don vi

1 [Khéi lugng xe con m 0,5 Kg

2 |Khdi lugng méc m 0,25 Kg

3 |Khdi lugng tai trong m, 0,5 Kg

4 |Chiéu dai day I, L 0,5 m

5 |Chiéu dai déy I, I, 0,5

6 |Luctdc dung max Fia F 1 N

7 |Gia toc trong trudng ] 9,81 m/s

K&t qua thu dugc vé quy dao chuyén ddng clia xe chira
trén hinh 3, véi bo diéu khién thu dong cé dung b quan sat
da dua xe dén vi tri dit trong khoang thai gian 4,5s va ¢6
xuat hién mot 1an vot 16 khoang 0,4m. V&i bo diéu khién thu
doéng khéng co bo quan sat, xe con duge dua dén vi tri dat
trong khoang thai gian 2,5s va khéng xuat hién su qua diéu
chinh trong suét quéa trinh di chuyén.
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K . TNIngy
J‘ ‘
’—’ J7 n *‘-“ D
N [ | ||
"\ |
Ll
Vi r dat (m) B9 diéu khién thu dong Mo hinh cBu tryc Khdi quan sat
il |
(IS N
L, B
—H '_17;0: 7‘—\‘
! v
: o
Vi 6t (m) ( B9 quan sét B Giéu knién thy dong K0 quan it

Hinh 2. So 6 khdi hé théng diéu khién cau truc kiéu con lac kép

—PBAC - ESO
——PBAC

0.7

Vi tri xe (m)
(=3

0 2 4 6 8 10 12 14 16 18 20
Thoi gian (s)

Hinh 3. Quj dao clia xe trong hai trugng hgp

Hinh 6 va 7 la van géc goc dao dong clia moc treo va tai
trong tuang Ung. Ta thdy rang, khi dung bo diéu khién
khong cé bd quan sat sé cho gia tri do vot 16 ban dau déu
I6n khoang 0,7 rad/s, nhung thai gian qué d6 lai ngan hon la
4s. Khi c6 bd quan sat d6 qua diéu chinh ban dau la nho hon
0,45 rad/s nhung thai gian di dén én dinh tai dai han nhiéu
vao khoang 7,5s.

6

—PBAC - ESO
—-PBAC

Goe 01(°)

-6 { L L 1 1 L
4} 2 4 6 8 10 12 14 16 18 20
Théi gian (s)

Hinh 4. Géc dao ddng cla moc treo

G6c dao ddng clia moc treo dugc thé hién trong hinh 4.
Vi bd diéu khién thu dong cé dung bd quan sat, goc dao
déng cda trong tai da ludn git dugc goc dao déng ludn nam
trong pham vi cho phép la —10°<86, <10° va da dua méc
treo vé trang théi én dinh sau 8s nhung van xuat hién nhiéu
Ian d6i chiéu chuyén déng clia mac treo, vdi bd diéu khién
thu dong khéng dung bd quan sat, mac du géc dao déng
ban dau cé I6n hon so véi khi dung bo quan sat nhung thai
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gian qua d6 lai ngdn hon 1a 3,5s va s6 lan déi chiéu chuyén
ddéng ctia moc treo cling it hon.

10

—PBAC - ESO
PBAC

2 4 6 8 10 12 14 16 18 20
Thoi gian (s)

Hinh 5. Goc dao dong cua tai trong

Két qua vé goéc dao dong cua tai trong trong qua trinh
van chuyén hang khi st dung bé diéu khién thu dong khéng
két hop vai bd quan sat, goc dao déng ban dau clia tai trong
¢ d6 16n 16n hon nhung thai gian quéa dé ngan hon la 3,5s
va s6 1an chuyén chiéu chuyén dong clia moc treo ciing it
hon nhiéu so véi khi st dung b quan sat dugc thé hién nhu
hinh 5.

T :
: [—PBAC - ESO
i - PBAC

Vin tic goe 01(rad’s)

0 2 4 6 8 10 12 14 16 18 20
Thoi gian (s)

Hinh 6. Van tdc géc clla mdc treo

—PBAC - ESO
——PBAC

Vin the goc B2(rad/s)

o 2 4 6 8 1‘(; 1|z 14 16 15 20
Théi gian (s)

Hinh 7. Van toc goc cta tai trong

Cac két qua mo phong trong hinh 6, 7 cho thay khi duing
b6 diéu khién khéng cé bd quan sat sé cho gia tri d6 qua
diéu chinh ban dau déu 16n khoang 0,7 rad/s, nhung thai
gian qua d6 lai ngan hon 1a 4s. Khi c6 b6 quan sat d6 qua
diéu chinh ban dau la nhé han 0,45 rad/s nhung thoi gian di
dén 6n dinh dai hon khoang 7,5s.
5. KET LUAN

B6 diéu khién PBAC két hop bd quan sat ESO [a mot gidi
phap diéu khién hé cau truc ki€u con lac kép mang lai hiéu
qua nhat dinh vé khac phuc hién tugng dao dong cua tai
trong, bam quy dao dat, thai gian dua xe dén vi tri dat nhanh,
giam su cong kénh clia hé théng va chi phi thiét bi do luéing
ma van dam bao thong sé quan sat chinh xac. Tuy nhién két
qua dap tng téc dd van con do qua diéu chinh, thai gian xac
lap van con cham. Day la mét cong trinh nghién cdu khoa
hoc da gop phan thém vao viéc hoan thién cac nghién ctu
diéu khién hé théng cau truc.
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Nhoém tac gid xin tran thanh cdm on Trudng Pai hoc
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