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Abstract

This study focuses on controlling the direction of the load in the bridge crane system, aiming to ensure accurate direction control while
simultaneously damping the residual oscillation caused by the cable twist. A hierarchical sliding mode control algorithm combined with
swarm optimization was proposed to achieve that goal. The stability of the system was proven based on the Lyapunov criterion. An objective
function, including the settling time and residual oscillation components, was constructed to determine the controller parameters, and the
swarm optimization algorithm was applied to solve the problem of optimizing the objective function. The simulation results showed that the
proposed method ensured accurate load direction control with fast residual oscillation damping. Comparisons with the input signal shaping
method were also made to demonstrate the superiority of the proposed method.
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Cic tir viét tat
PSO Particle Swarm Optimization
HSMC Hierarchical Sliding Mode Control
SMC Sliding Mode Control
IS Input Shaping
PID Proportional-Integral-Derivative
Tom tat

Nghién cifu nay tap trung vio viéc didu khién huéng clia tai trong
hé thdng ciu truc, v6i muc tiéu ddm bao diéu khién hudng chinh xac
ddng thai dap tit dao dong du do su xodn cdp gy ra. D& thuc hién
muc tiéu dé, thuit toan diéu khién trugt phan cip két hop véi tdi uu
biy dan di dugc dé xuét. Tinh 6n dinh clia hé théng di dudc chiing
minh dya vao tiéu chuin Lyapunov. D€ xdc dinh théng sb bo diéu
khién, him muc tiéu bao gdm thanh phan thdi gian xdc 1ap va dao
dong du da dudc xay dung va thuit toan téi uu bay dan dudc ap dung
dé giai bai toan to6i wu ham muc tiéu. Két qua mo phéng cho thiy
phuong phap dé xuét da dam bio diéu khién huéng tii chinh xdc véi
dao dong du dugc dap tit nhanh. Céc so sanh véi phuong phap tao
dang tin hiéu dau vao ciing da dugc thuc hién d€ chitng minh tinh uu
viét ctia phuong phap d& xuét.

1. Loi gidi thiéu

Tu dong hoéa va diéu khién ty dong dang ngay cang trd thanh
xu huéng chii dao trong nhiéu linh vuc, dic biét 1a trong nganh

cong nghiép san xuét. Su phat trién ctia cong nghé da tao diéu
kién thuan 1¢i cho viéc ting dung cic hé thong tu dong trong san
xut, quan ly va van hanh, tit d6 gidp gidm chi phi nhan cong,
ting ning suét 1am viéc va nang cao chit lugng san pham. Cic
cong nghé tu dong hoa khong chi dugc gidi han & cac nha may
san xut cong nghiép ma con lan tda manh mé trong cic nganh
xdy dung, giao thong van tai, va hiu cin gép phin tao nén
nhiing cai tién vugt bic trong quy trinh 1am viéc hién dai.

Trong sb nhitng dbi tugng ing dung ctia ty dong héa, hé thong
can ciu dugc xem 1a mot thanh phan quan trong trong nganh
van tai va xay dung, noi viéc van chuyén tai trong ning, di
chuyén thiing hang va cac loai vat liéu 16n doi héi mot gidi
phdp van hanh an toan, hiéu qua. Hé thdng can ciu, véi cau
triic linh hoat, cho phép di chuyén tai trong dén cac vi tri khac
nhau mot cdch nhanh chéng va chinh xdc. Tuy nhién, dé€ dat
dugc hiéu suét van hanh cao va ddm bao an toan cho ngudi lao
dong ciing nhu thiét bi, viéc diéu khién chinh x4c va &n dinh
hé théng cin cdu 1a mot yéu cau bat budc.

Trong hé théng can ciu, tii trong dudc treo dudi mii truc cdu
qua day cép linh hoat va cé céu tric gibng md hinh con lic. Do
d6, dao dong ctia tdi trong 1a khong thé tranh khoi trong qua
trinh van hanh. Nhitng dao dong nay khong chi anh hudng tiéu
cuc dén hiéu suit Iam viéc ma con c6 thé gay ra céc tac dong
nguy hiém, lam mét an toan cho qua trinh van hanh va gay hu
héng hé théng. Trudc bbi canh d6, nhiéu bd diéu khién chéng
rung, chng dao dong da dugc phat trién nham tu dong chuyén
tai trong dén vi tri mong mudn dong thdi giam thiéu cc rung
lic ctia hé thong.
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Mot bai todn khac it dugc dé cap dén nhung ciing khd quan
trong d6 1a bai toan diéu khién huéng clia tai trong trong cc
ting dung ctia can ciu c6 kha ning van chuyén cic tai trong
16n kém theo c4c yéu cau vé diéu khién hudng tai trong chinh
xéc tai di€m dén. Mot vi du dién hinh ctia dng dung loai nay
1a viéc van chuyén thiing hang tli tau hang hoic bii tap két 1én
xe tai. Thung hang can dugc dinh huéng chinh xac dé c6 thé
dit 1én xe tai mot cach chic chan. D€ thuc hién viéc diéu khién
huéng cla tai, hé thong cin ciu thudng st dung mot thiét bi
don gian goi 12 méc quay c6 dong co dé xoay tai theo bat ky
g6c nao mong mudn. Tuy nhién, day cdp ndi gitta miii truc cdu
va dong co méc quay dé bi xoin khi xoay tai, tao ra dao dong
Xo0dn clia tai trong qua trinh didu chinh géc [1,2]. Didu nay doi
héi phai c6 mot bo diéu khién chdng rung chuyén biét, c6 kha
ning diéu khién dong co méc quay t6i goc mong mudn dong
thai triét tiéu hoan toan dao dong du phat sinh trong qua trinh
hoat dong.

Trong nhitng nim gan déy, cdc nha nghién ctiu da dua ra nhiéu
phuong phap didu khién khic nhau nhiam khic phuc hién tugng
dao dong quay cla tai trong trong hé théng xoay tai. Mot
phuong 4n 1a ché tao va diéu khién thiét bi xoay tai chuyén
dung [3,4] st dung céc xi lanh thiy luc va thuat toan diéu
khién PID. Mat gii phdp khac thu hiit dugc nhiéu quan tim
hon 1a 4p dung céc thuat todn diéu khién chdng rung cho hé
xoay tai thong thudng. Trong [5, 6], phuong phap tao dang tin
hiéu dau vao da dudc 4p dung. Tuy nhién, phuong phap nay
thudng gip kho khin khi 4p dung vao cac hé thdng c6 tham
s6 thay d6i, vi du nhu khi khi lugng tai hodc chiéu dai day
cdp c6 bién dong 16n. Trong trudng hop diéu khién xoay tai co
ché thich nghi yéu ciu can xdc dinh chinh xic cac thong sb hé
théng. Mot phuong phéap diéu khién tién dinh khac 1a thiét ké
quy dao chéng rung cho hé théng [7]. Cac phuong phap diéu
khién tién dinh c6 wu diém don gian nhung dé bi anh hudng bsi
nhiéu va sai 1éch mé hinh. Do viy, nhiéu nghién ciu tip trung
vao diéu khién phan hdi nhu diéu khién phan hoi trang thai [2],
diéu khién PID 16ng nhau (nested PID) [12], diéu khién lai
tién dinh - phan hdi [7], diéu khién t6i wu [13], diéu khién bén
viing [14], diéu khién chuyén d6i t6i vu [15], diéu khién lién
két trang thai ting cudng [16]. Cac phuong phép diéu khién
trén c6 nhudc di€ém 13 xem xét hé théng dudi dang mod hinh
tuyén tinh va do d6 han ché kha niing hoat dong ctia bo diéu
khién. Mot s6 nghién ctiu c6 xem xét md hinh hé thong & dang
phi tuyén nhung chua xem xét dén tinh bén viing va téi uu clia
thudt toan diéu khién dé xuét.

Trong nhiing nim gan day, Diéu khién trugt (Sliding Mode
Control - SMC) dudc danh gia cao nhg kha nang xi ly cac hé
théng phi tuyén mot cach bén viing va kha ning chdng nhiéu
t6t. Pidu khién trugt da dugc st dung trong rat nhiéu ing dung
khac nhau dem lai hiéu qua cao. Dic biét, khi két hop SMC véi
cdc thuat toan tbi uu, ta c6 thé tim ra bo thong sb cho bd diéu
khién truct c6 kha ning ti vu héa theo tiéu chuin mong mudn.
Diéu khién truct di ching minh tinh hiéu qua trong rat nhiéu
ting dung khéc nhau, bao gdm céc bai todn vé diéu khién chéng
rung [10, 11]. Vi Iy do trén, bai b4o nay dé xuét bo diéu khién
trugt phan cip két hop (hierarchical sliding mode -HSMC) véi
phuong phép tbi vu biy dan (particle swarm optimization -
PSO) cho hé théng xoay tai cAn ciu. Bo diéu khién trugt phan
cAp dudc thiét ké cho hé thdng xoay tai can cAu - mot hé théng
c6 dang hut co cAu chip hanh dam bao tinh 6n dinh va bén
viing ctia hé thdng. Tiép dén phuong phép t6i vu bay dan dudc
st dung d€ xdc dinh tham s6 bo diéu khién trugt phan cip véi

muc tiéu t6i thi€u héa dong thdi sai 1éch vi tri géc xoay, géc
dao dong va thoi gian xoay tai. Phuong phap dé xuét ciing dugc
so sanh vdi phuong phap tao dang tin hiéu dau vao dé xac thuc
tinh uu viét ciia phuong phap.

2. M hinh toan hoc hé thong xoay tai
2.1. Mb ta hé thong

Hé théng xoay tai trong can ciu dudc md ta trong Hinh 1. Hé
thdng bao goém truc cau, diy cip, méc xoay c6 chita dong co
dé xoay tai. O trang thai ban du géc giita truc ciu 1a dong co
moc xoay la 0. Khi hoat ddng, ddng cd méc xoay cé pham vi
hoat dong 1a 180°, c6 vai tro xoay mot goc tuy y phu hgp véi
yéu cau huéng tai tai diém dich. Trong qu4 trinh dong co xoay,
do tinh mém ctia ddy cap nén dy cdp bi xoan, do cé quan tinh
sé sinh ra dao dong, tao nén géc 1énh gitta truc ciu va dong co
day chinh 1a géc dao dong, 16n hay nhé tly theo gia tc cung
clp cho chuyén dong. Bang 1 va 2 cho biét y nghia cta cic
thong sb trong hé théng xoay tai va ddi gid tri tuong Ging cla
mo hinh hé théng xoay tai dudc sit dung trong nghién citu nay
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Hinh 1: Mb hinh hé thng xoay tai

Bang 1: Thong s6 ctia hé théng xoay tii md phéng

Kihiéu | bic diém Khodng gid tri
I Quan tinh tai (kgm?) 11,1-41,89
Iy Quan tinh méc (kgm?) 1,0-1,5
m Khéi lugng tai vi méc (kg) 77,9-207,5
R Ban kinh quay ciia méc (m) 0,25

l Chiéu dai day (m) 3-5
¢ Hé sb ma sat (Ns/rad) 0,1-0,5
g Gia toc trong trudng (m/s2) 9,81

Bang 2: Ki hiéu cc géc trong hé théng méc xoay

Ki hiéu | Pic diém
o(t) Gdc gina tai va moc (rad)
¥(t) Goc gitta tai va truc x (rad)
0(r) Goc nghiéng méc xoay va truc x (rad)
a(t) Khodng céch gilia truc ciu va méc quay (m)




20

Journal of Measurement, Control and Automation

2.2. M6 hinh toan hoc

Téng dong ning ctia hé thdng dudc xdc dinh nhu sau:

S RS SR SR S S
T = 2IL((P 0)"+ 5116 + Sma 1)
Tong thé ning ctia hé dudc xac dinh bang cong thiic V = —mga,
do d6 ham Lagrange L ctia hé thong dugc xdc dinh nhu sau:
L:TfV:EIL((pr) +5IH9 +5ma”+mga. 2)
Mbi quan hé ring budc giita khoang cach truc cdu-méc xoay
va chiéu dai day:

a®> =1>—2R*(1 —cos ) (3)
Thém vao d6, nang lugng ti€u hao do ma sat nhét gy ra la

D= (1/2)c6.
Ap dung phuong trinh Euler-Lagrange cho bién 0(t) ta c6:

d (JL JdL . oD
dt\06) 96 96
Gia thiét rang chiéu dai day 1a khong ddi, ddy khong bi bién
dang ( [ = [ = 0), mo hinh to4n hoc phi tuyén ctia hé thong
moc xoay sé dugc biéu dién nhu sau:

0. “

6=7(6,0)+b(0)u )
Trong do:

. 1
1(6,0) =

X
4 02
I +1y mR' aszm 2]

R?sin® (R*6%sin’6 R?, .
[_m o ( s21n +620059+g) —6‘9:| (6)
a a

a

I
= e "

u=9 ®)

Heé théng chi c6 mot dau vao diéu khién 1a gia téc §(t) dugc
tao ra bdi mot dong co servo va cé hai dau ra can diéu diéu
khién ¢ — @, va @ — 0, trong d6 @4 1a géc 1énh tham chiéu
cla trong tai.

2.3. M phéng hé thong

Khi cau truc hoat ddng momen quay dong cd lam méc chuyén
dong tir 0° dén vi tri dit 90° (Hinh 2), quén tinh khi xoay tai
sinh su xoan day gay ra dao dong véi goc dao dong 16n trong
pham vi (—12°;12°) nhu trong Hinh 3. Piéu nay hoan toan
phil hop dép ting ctia tai trong thuc t&. Nhu vady mo hinh dudc
xdy dung 12 phu hop, phan 4nh dudc ban chit vat Iy cia hé
thong.

C6 thé thdy néu khong c6 thuat todn diéu khién thich hgp, dao
dong ctia tai sé khong ton tai rat 1au va viéc cd dinh hudng tai
d€ ha tai xudng vi tri mong mudn 14 khong thé thuc hién dugc.
Do d6 viéc xay dung mot thudt toan c6 kha ning diéu khién
huéng tai chinh x4c dong thai dap dugc dao dong ciia tai 1a yéu
cAu tat yéu.

Chuyén dong goc quay ciia dong co
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Hinh 3: Géc dao dong ciia tai khi chua c6 bo diéu khién

3. Thiét ké diéu khién
3.1. Thiét ké bd diéu khién trugt phan cip (HSMC)

Hé théng v6i mot tin hiéu diéu khién tuong dng véi gia toc clia
dong co méc quay ¢ = u diéu khién quay dong co méc quay.
Tin hiéu dau ra 1a géc quay clia tii ciing 14 géc quay ctia dong
co mdc quay @, va géc dao dong cia diy cap trong tai 0. B
diéu khién trugt phan cap dudc thiét ké c6 muc dich dua géc tii
¢— @, va gbc dao dong gy ra do quan tinh 6—0 trong thdi
gian ngan nhat.

Dit cic bién diéu khién x; = 0,x, = x1,x3 = @, x4 = 3. Khi
d6 mo hinh todn hoc ctia hé théng c6 thé biéu dién dudi dang
phuong trinh trang thai nhu sau:

X =x
X = f(6,0)+b(6)u ©
X3 =X4
X4 =u

Céc gid tri dit ctia hé thdng 1an ludt 12 x15 = 0 va X35 = Q.
DPinh nghia cac sai 1énh nhu sau:

e =X1 —Xig
€3 = X3 — X34
Khi d6

é1 =Xy, €1 =X

é3 = X3 — X34, €3 = X3 —X3qg
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DE thiét ké bo diéu khién trugt ta lya chon miit trugt phan cip
nhu sau.

S:aSl—FﬁSz:(X(él—i—)qel)-f—ﬁ(% +)~3€3) (10)
Khi d6, dao ham mat trugt dugc tinh nhu sau:
$ = a(er+her) +B(é+Azes) an
St dung luat diéu khién tiép can hing s6 [9]:
S = —Ksign(S) (12)

Ta rit ra tin hiéu diéu khién:

L f(6,6) a6 — B¢+ B3 (9 — 9u) +Ksign(S)
- o+ Bb(6)

(13)
trong d6 S 12 mit trugt va dudc viét tuong minh dudi dang ham
cua cac dai lugng vat ly 6 va ¢:
S=0(0+110)+B(¢— ¢a) +A3(¢ — 4)]

Dé giam bét hién tuong chattering ctia b diéu khién truot,
ching ta c6 thé thay thé ham dAu sign(S) bang ham sat(S)
trong cong thiic tinh ton tin hiéu diéu khién u(t) véi

(14)

1 néu 2 > 1
sat(S) ={ —1 néus < —1
s (s
¢ néulfgl<l

Mt ™

s)

Hinh 4 mb t4 cAu tric hé thdng v6i bo diéu khién dé xuit. Cac
thong s6 ctia bo diéu khién sé dugc xac dinh bing cach tbi
thiu hoa sai 1éch hé thdng va thsi gian xéc 1ap ctia hé thong.
Bai todn tbi wu nay sé dugc giai bang phuong phap t6i wu bay
dan ESO va sé dugc trinh bay & phan sau.

™ - Ham muc tiéu
ong so Thuat toan @
bandiu || Pso e P [ ecwae
Txl
ﬂa,ll,ﬁ, A3, K
[‘Pd] [33] [‘P]
0 ! B didu khién | u Hé théng g
truot phin cip xoay tai

Hinh 4: Géc dao dong ctia ti khi chua cé bd diéu khién

3.2. Phan tich tinh 6n dinh

DE xét tinh 6n dinh clia hé théng v6i bo didu khién dugce dé
xudt, xét ham Lyapunov V ¢6 cong thiic

1
V= 552 >0 (16)
Khi do,

V =88 = —KSsign(S) = —K|S| < —cV'/2 <0 (17)

v6i ¢ < v/2K. Theo tai liéu [17], v6i diéu kién cda ham
Lyapunov thda min bat phuong trinh (17), ta c6 thé két luan
V(t) va S(t) hoi tu vé 0 trong mot khoang thdi gian hitu han.
Thém vio do, theo [18], S = 0 s& din tSi e; = e3 = 0, nghia la
hé 6n dinh tai diém can bing 6 = 0 va ¢ = ¢,.

3.3. Téi wu tham sé bd diéu khién trugt phin cip (HSMC)
bang phueng phap tbi wu bay dan(PSO)

Thuat todn tdi uu bay dan (PSO) dugc phat trién va tng dung
rong rii trong viéc thiét ké t6i wu cédc bd diéu khién [19] trong
dé quy dao ctia mbi c4 thé trong khong gian tim kiém dudc
hiéu chinh bing cach thay ddi van tdc clia titng ca thé, thong
qua kinh nghiém bay cta né va kinh nghiém bay cta nhiing
c4 thé khac trong khong gian tim kiém. Gia st véc-to vi tri va
véc-td van tde clia mot ca thé thi i trong khong gian da chiéu
la:

Xi = (xi1, %25+ Xin), Vi = (Vi1, Vi, + -+ Vin) (18)
Tai mdi 14n lip, van tdc clia mot phan tir dude xac dinh bdi ca
kinh nghiém ca nhan ciing nhu kinh nghiém ctia ca nhom:

vf.‘d“ = wv{-‘d—i—cl 71 (Pbestilii—xfd)+cz-r2(Gbest§i—xfd) (19)

Vi tri ctia mbi phan tif dugc xdc dinh ti vi tri trude d6 va van
téc hién tai ctia phan ti:

Xl =y ! (20)
Trong do:

vfd 1a vector vén tdc ctia c4 thé thi id tai vong lip thi k.

xk; 12 vi tri ctia cd thé thy id tai vong 1dp thi k.

o 12 khéi lugng quén tinh.

Pbest¥, 1a chi sb i uu cuc b clia cd thé.

Gbest;, 1a chi s ti uu toan cuc ctia by dan.

c1,¢2 1a cac hé s6 hoc tap.

r1, r2 1a hai s6 ngiu nhién trong khoang [0,1].

Thut todn tbi uu bay dan (PSO) dugc mo ta trong Hinh 5 gdm
cac budc sau:

+ Khdi tao ngiu nhién mot quan thé gdm P phan tif trong
khong gian D chiéu, v6i D biéu dién sb phan ti ctia b
tham s can tdi uu.

* Tinh gid tri clia hAm muc tiéu ¢ng v6i mdi phan ti trong
quan thé.

+ Céc phan it di chuyén huéng t6i giai phdp tot nhét.

* Quay lai bu6c 2 dén khi diéu kién hoi tu thda man.

Trong bai bao nay, phuong phap tbi uu bay dan dudc sit dung
d€ xéc dinh cic thong sb o, A1, 8, A3, K ctia bo diéu khién trugt
phan cip véi muc tiéu 1a thoi gian x4c 1ap ngin nhit va dao
dong du sau thdi diém x4c 1ap 12 nhd nhat. DE dat dudc muc
tiéu trén, ta chon ham muc ti€u J c6 cong thic nhu sau:

J:Tx;—&—u/ edt 1)
'Txl

Trong do:

T,;: Thai gian x4c 1ap ctia hé thong.

e =10(t)|: gia tri tuyét dbi ctia goc lac 6.

L: Hé sb thé hién miic do6 vu tién ctia dao dong du so véi thdi
gian xdc 1dp trong ham muc tiéu.

3.4. Két qua md phéng

Pé kiém chiing tinh ding dan va hiéu qua ctia thuat toan dé
xuét, md phéng di dugc thuc hién trén mdi trudng Matlab
Simulink. Céc thong s6 mo phong ctia md hinh nhu & trong
Béang 1. D€ thiét ké bo diéu khién trugt phan cip st dung
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| Khoi tao qu?m thé ban dau va cac

tham so6 cuia PSO

| Tinh ham muc tiéu cho mdi ph?m jaig
cua quan thé

| Cap nhat gia tri Pbest ma&i |

Pbest hién tai co
St hon Gbest

Gilr nguyén gia tri
Gbest

| Cap nhat gia tri Pbest méi |

|

| Tinh van téc méi cua cac ca thé |

|
)

Cap nhat vi tri cho cac ca thé

!

Xt 1y hién tuong cac ca thé nhay ra
khoi khong gian tim kiém

Kiém tra diéu
kién hoi tu

Hinh 5: Luu db thuit toan t&i uu bay dan

phuong phap tdi wu bay dan (PSO), cac thong sd md hinh dugc
lua chon 12 céc thong s6 dinh miic (gid tri trung binh ctia gia
tri toi thi€u va gia tri toi da cla dai gid tri). Kich bdn mo phdng
1a tai dugc diéu khién dé xoay mot géc 90°. Do thuit toan diéu
khién cin dao ham cip 2 ctia tin hiéu dit, dang quy dao cta tin
hiéu dat dugc chon la dang 2-1-2 (trapezoidal velocity profile -
van toc dang hinh thang). Thong s6 bo diéu khién trugt phan
cp dugc timra 1a o = 2.65, B = 2231.8, 4; = 1375.5, A3 =
0.001, K = 10.

Dip ang goc quay Phi
100 T ‘ ‘ ‘ T 3
80 = 1 SMC-PSO MIN
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;g- = Phi Dat
2
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=
20 b
0 b
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Thai gian (s)

Hinh 6: Két qua mo phéng géc ¢ ciia tai (SMC-PSO)

B0 diéu khién v6i tham sd dugc xic dinh nhu trén dudc 4p
dung cho 3 trudng hop véi céc thong s6 mo hinh 1a thong s
dinh mic (DM), thong s6 c6 gid tri nhd nhét trong dai (MIN),
va thong sb c6 gia tri 16n nhit trong dai (MAX).

Két qua mo phong dudc thé hién trong hinh 6-8 cho thiy trong
ca 3 trudng hop hé thdng déu &n dinh, géc tai tai di€m dén
bing gid tri dit va dao dong du hoan toan dudc triét tiéu. Bién
dd dao dong trong qua trinh xoay tai nho, chi vao khoang
2,8° —3°. Bién do dao dong 16n nhit véi trusng hop tai 16n
nhét, tuy nhién do ting géc dao dong 1a khong dang ké, chi

Goc dao djng Teta cia tai

== 1SMC-PSO MIN
3k — SMC-PSO DM
SMC-PSO MAX

2k 4

- 4

.
st

Goc dao dong (d§)

2+ 4

5 10 15 20 25 30 35 40
Thoi gian (s)

Hinh 7: Két qud mo phong géc 6 ctia tii (SMC-PSO)

Tin hi¢u diéu khién b SMC-PSO trong 3 trirong hop
0.06 % \ \ : \ \ \ : ]

m— SMC MIN
m— SMC DM
SMC MAX

o.oz / [ \ ,

-0.02 -

0.04

Tin hi¢u diéu khi¢n (Nm)

-0.04 -

-0.06 i
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Hinh 8: Két qua mo phong tin hiéu diéu khién SMC-PSO

0,2° (khoang 7%) so véi tai nhd nhét, trong khi mifc do thay
ddi tai 12 2,66 1an. Két qua md phong ciing cho thiy tinh bén
viing clia thuit toan dé xuat. Khi thong s mo hinh thay ddi
trong dai gid tri, hé théng van 6n dinh, chit luong diéu khién
c6 suy giam nhung khong nhiéu. Tin hiéu diéu khién vén trong
dai cho phép.

Can chii y do han ché vé gia t6c ting tbc va giam tdc nén dap
ing géc quay ctia tai bi tré khoang 1,2 gidy. Tuy nhién, diéu
nay 14 chip nhan dugc khi thoi gian xoay tai dai. Thém vao do,
c6 thé thiy tin hiéu diéu khién thay d&i dot ngdt tai cac thoi
diém gia tbc tin hiéu dit thay d6i dot ngot. Diéu nay cho thiy
su phu thudc ctia tin hiéu diéu khién vao tin hiéu dit. D€ tin
hiéu diéu khién tron va c6 tinh kha thi trong thuc té, tin hiéu
dit can dudc thiét ké mot cach can than.

4. So sanh cac bo diéu khién tao dang tin hiéu
dau vao

Pé xdc thyc tinh vu viét ciia thudt toan dé xuit, ta tién hanh
so sanh ddp ting ctia hé thong khi 4p dung thuat toan dé xuit
va khi 4p dung phuong phap tao dang tin hiéu dau vao Input
Shaping (IS). Phuong phép IS 1a phuong phap diéu khién tién
dinh trong d6 vi tri clia dong cd xoay tai dugc didu khién bing
bo diéu khién PID, con dao dong ciia tai dudc dap st dung mot
bd loc dang xung [8]. Céc két qua mo phong so sanh ting véi
truong hop tai 6 gia tri dinh mic dudc trinh bay trong cac hinh
9-11.

C6 thé thiy dap ting géc xoay dong co clia 2 thuat todn diéu
khién 1a nhu nhau, tuy nhién géc dao dong trong giai doan xoay
tai ctia phuong phap IS cao hon so véi phuong phap dé xuét
mic du tin hiéu diéu khién nho hon. Dic biét, phuong phap
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Hinh 9: K&t qua mo6 phdéng géc @ ca hai by diéu khién
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Hinh 10: Két qua md phdng géc 6 ciia tai clia hai bo diéu khién

dé xuét c6 thé dap tat hoan toan dao dong du nhung phuong
phap IS thi dao dong du van con véi bién do khodng 0.2°.
Diéu nay da chiing to tinh uu viét cia phuong phap dé xuit so
v6i phuong phap IS. Bang 3 tdng két két qua so sanh gitta hai
phuong phép.

Tit bang so sdnh va két qua md phéng c6 mot sb két luan:

* B0 diéu khién PID két hop bo tao dang tin hiéu dau vao
khong loai bd dugc sai 1€nh tinh, khong triét tiéu hoan
toan dudc dao dong va kém bén viing véi hé thdng c6
tham s6 thay ddi.

+ B0 diéu khién trugt phan cap, gitip hé thong hoat dong &n
dinh bén viing véi cac trudng hop hé thdng tham sb thay
ddi. Péap dng hé thong tién dén gid tri dit, dao dong hé
thong dugc triét tiéu hoan toan, thdi gian ddp ting

Bang 3: Bang so sanh bd diéu khién PID+IS va SMC-PSO

PID+IS SMC-PSO
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Kha ning dap dao | Khong dap tat | Dap tat hoan toan

dong 6 hoan toan

Bién do goéc dao | 3.2d0 2.8 d6
dong khi qua do

Thai gian xac lap 15 gidy 15 gidy

Khi ning chdng
nhiéu

Kém, ton tai sai
1éch tinh
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1éch tinh
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Hinh 11: K&t qua md phdng tin hiéu diéu khién ctia hai bo diéu khién

Cén chi y ring, bo diéu khién tao dang tin hiéu dau vao véi
s6 xung nhiéu hon c6 thé dugc ap dung d€ loai bd dao dong
du t6t hon cho hé théng. Tuy nhién, viéc ting sb xung ctia bo
tao tin hiéu diu vao lam cho thdi gian xoay tai sé bi dai ra va
dao dong ciing khéng hoan toan bi dap tit nhu phuong phap
dé xuit.

Két luéin

Bai bdo di dé xuit thuat toan diéu khién trugt phan cip cho
hé thdng xoay tai trong can ciu cé céac thong s6 bo didu khién
dudc xdc dinh bang viéc t&i wu mot ham muc tiéu sit dung thuat
toan toi uu bay dan. Thuit todn dé xuét da cho phép diéu khién
chinh xac géc tai va dap tit dao dong du nhanh chéng. Viéc sit
dung ham muc tiéu 1a két hop clia thdi gian xac 1ap hé thdng
va tdng dao dong du cho phép xdc dinh thong sb hé thdng dam
bao dudc kha ning tac dong nhanh. Cac két qua mo phong da
thé hién sy vu viét ctia thuat toan dé xuit so véi thuét todn tao
dang tin hiéu dau vio.

Trong tuong lai, viéc trién khai va danh gid thuat toan dé xuét
trén cac hé thong thuc té sé dudc thuc hién. Cac phuong 4n
ting kha ning thich nghi ctia hé thdng véi su thay ddi 16n cla
cdc thong s6 md hinh ciing dugc xem xét. Viéc thiét ké quy
dao dit phii hdp hoic st dung cac b loc tién dinh cho tin hiéu
dit d€ tranh hién tuong bién thién dot ngdt cia tin hiéu diéu
khién ciing dudc xem xét d€ dam bio kha niing trién khai clia
thuat toan dé xuét trong thuc té.
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