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Tom tat

Nghién ctru dé xuat phat trién bo diéu khién chdng lic
Fuzzy PD cho hé can céu container. Bo diéu khién
Fuzzy dong vai trd chinh trong viéc tao ra dién ap
diéu khién phu hop nhim dam bao nhiém vu di
chuyén gian xe dén vi tri mong mudn, déng thoi giam
thiéu t6i da hién twong lac lu cua container trong qué
trinh van hanh, dya trén luat mo duoc phat trién thong
qua kinh nghiém cua nguoi thiét ké va dac tinh thuc té
cua hé théng. Déng thoi, cac thong s6 Kp va Kp cua
phuong phép PD c¢6 dién dong vai tro tinh chinh cac
gia tri cuia bién trang thai vao khoang thich hop trudc
khi dugc my héa. MATLAB® & SIMULINK® dugc
sir dung nham kiém nghiém kha ning dap tmg cua
luat diéu khién dé nghi. Ngoai ra, cdc két qua thuc
nghiém ciing duoc trinh bay nhim minh hoa cho kha
nang diéu khién thuc t& cia bo didu khién duoc phat
trién.

Tir khéa: Diéu khién chéng l4c, hé can cAu container,
bo diéu khién Fuzzy PD, luat diéu khién mo.

Abstract: A Fuzzy PD control strategy for
container cranes is developed in this study. A fuzzy
controller plays a main role in creating the appropriate
voltage, based on the dynamics and knowledge of an
experienced designer, for guarantees not only prompts
suppression of load swing but also accurate control of
container crane position. In addition, the classical PD
controller is used to tune the value of state variables
into suitable ranges before becoming the inputs of the
fuzzification process. The performance of the control
law is simulated using MATLAB® & SIMULINK®.
Furthermore, to demonstrate the efficiency of the
proposed control algorithm, experimental results
are provided.

Keywords: Anti-sway control,
Fuzzy PD controller, fuzzy rules.
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1. Phan mé dau

Heé can céu container dd va dang duoc ing dung ngay
cang rong rdi dé di chuyén container, hang héa cé
kich thudc 16n tir dia diém nay dén dia diém khac
trong nhiéu khu vuc khac nhau nhu: bén cang, cong
truong, kho hang. Trong qué trinh hoat dong, chuyén
dong cta gian xe la mdt trong nhitng nguyén nhan
chinh gay ra hién tugng lic lu cua tai trong, dic biét
1a qua trinh ting tbc & du hanh trinh va khi giam toc
& cudi hanh trinh. Dao dong nay khong nhimng lam
giam hiéu qua van hanh cua hé can céu, ma con c6
kha ning giy ra nguy hiém, tai nan cho cac may moc,
con ngudi & khu vuc xung quanh. Vi vdy, yéu cau dat
ra d6 1a phai c6 mot chién lugc diéu khién thich hop
nham giam thiéu t6i da hién tuong lac lu O tai trong,
gop phan nang cao nang sudt va tinh an toan cuia hé
thong. Tur thuc té trén, cac nha nghién ctu lam viée
trong linh vyc diéu khién cin cu ludn luén nhiam dén
viéc xdy dung nhitng giai thuat phi hop nhim muc
tiéu triét ti€u dao dong ctia container mdt cach thyc sy
hiéu qua.

Hién nay, dé co rat nhiéu giai phap duoc cac nha khoa
hoc dwa ra nham giai quyét van dé lic lu ¢ tai trong
mot cach nhanh choéng, lién tuc va an toan. Dya trén
céc 1y thuyét diéu khién tuyén tinh ciing nhu céc giai
phap diéu khién t6i wu, mot s6 nghién ciru da d& xut
phat trién cac luat didu khién dya trén mé hinh tuyén
tinh ciia hé théng [1-5]. Tuy nhién, véi ca hai cach
tiép can trén déu gap phai nhiing kho khan khi cai dat
1én hé thong thuc nghiém, Xudt phat nhitng nguyen
nhéan d6 1a: ca hai giai thuat déu rat nhay voi didu kién
ban d4u ciing nhu nhidu tic dong, dong thoi tinh on
dinh va bén viing cua hé théng khong dwoc dam bao
khi ¢6 sy thay doi ciia cac gia tri tham s trong mo
hinh [6].

Ngoai ra, nhiam d6i pho véi tinh phi tuyén ciia hé can
cdu cling nhu sy bién thién ctia cc thong sé mo hinh,
modt so giai phap khac da duoc cac nha nghién ctru
xdy dung, trong d6 co thé ké dén: diéu khién truot
(sliding mode control) [6-10], didu khién thich nghi
(adaptive control) [6, 11-12]. Véi viéc xay dung mat
trugt va luat diéu khién thich hop, giai thuat didu
khién truot tap trung vao vi¢c dua cac bién trang thai
duogc dinh nghia tién dé gia tri tham chiéu mong muon
thong qua viéc didu khién mat trugt hoi tu tiém can vé
khong. Duya trén viéc tich hop sin cac hé thong tu
chinh, giai thuat thich nghi khong yéu cau sy chinh
xac cta cac tham sé trong mo hinh, cac gia tri nay sé
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tu dong dugc cap nhét, chinh stra trong subt qua trinh
van hanh. Pay 1a hai trong s nhitng cach tiép can rat
dang quan tim, dem dén kha nang triét tiéu dao dong
cua tai trong mot cach hiéu qua.

Nghién ctru nay dé xuét xdy dung b diéu khién
Fuzzy PD chong lic cho hé can cau container. Trong
d6, bo diéu khién Fuzzy dong vai tro chinh trong viéc
tao ra dién ap phu hop diéu khlen gian xe dya trén hé
thong luat mo dugc phat trién thong qua kinh nghiém
va dic tinh thyc té ciia hé thong. Pong thoi, cac thong
s6 Kp va Kp ctia phuong phép PD cb dién dong vai tro
tinh chinh cac gia tri rd cla bién trang thai vao
khoang thich hop trude khi duge mo hoa. Cac két qua
mé phong va thuc nghiém s& dugc trinh bay chi tiét
nhim minh chimg cho kha ning dap tng cta giai
thuat voi sy thay doi cta cac tham sb trong mé hinh.
Bai bado s€ dugc trinh bay nhu sau: h¢ phuong trinh
toan mo ta dac tinh dong hoc cia hé cau container s&
dugc thiét lap trong Phan 2.1. Trong Phan 2.2,
phuong phap thiét ké cac bo diéu khién mo s& duoc
dé cap dén. Cac két qua m6 phong va thyc nghiém
dugc trinh bay trong Phan 2.3. Cudi cung, mot so két
luan s€ dugc nghién clru dua ra trong Phén 3.

2. Noi dung chinh
2.1 Pong e hoc hé cin ciu container
Xét hé can ciu container dugc minh hoat trong H.1.
Container dugc gilt boi ngam kep container (spreader)
va ca hai duoc lién két v6i xe ddy (trolley) thong qua
mot day co chidu dai I. Khdi luong cua gian xe va tai
trong tuong tmg 1a m, va m,. Lyc diéu khién f, dugc
tdc dong vao gian xe véi myc dich dua gian xe dén vi
tri mong mudn, dong thoi han ché tdi da hién tugng
lic lu & tai trong _trong qua trinh di chuyen Trong
thuc t&, mot hé can ciu container tiéu chuan s& sir
dung bbn day thing dé lién két ngam kep voi xe day.
Tuy nhién, trong nghién ciru nay, dé don gian hoa,
container va trolley duoc lién két chi mot day treo co
khdi lwong khong dang ké. Gia thiét rang, chuyén
dong cua gian xe va chuyen dong lic cua tai trong
nim trong cung mot mat phang OXY. Goi x 1a vi tri
clia gian xe, 013 goc lac cua tai va g 1a gia toc trong
truong.
Khong mét tinh téng quat, gia thiét rang : i) DAy treo
tai co khéi luong khong déng ké; ii) Chiéu dai day la
hang s0 trong sudt qué trinh hoat dong; iii) Cac thanh
phén ma sat trong chuyén dong ciia xe c6 thé bo qua
[2, 6].
Duya trén chuyén dong ciia xe ciing nhu dao dong cua
tai, dong nang T va thé nang U cua hé can cau c6 thé
dugc thiét 1ap nhu sau :

T =£(mt +mp)>'<2 ﬁtlmpl'2 +1mpl'2<9'2
2 2 2 )
+mplxsin @+m,Ix0cos 9,
U =m,gl(l—cos®). )

p3
q=(x,6), f=(f,,0).

-
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H.1  M& hinh hé can cdu container [6].

Tu phuong trinh Lagrange, ta co:

i[a_Tj_a_TJra—U:fi,i:l,Z. ©)
dt{ag; ) oq; aq;

Ttr d6, hé phuong trinh mo ta chuyén dong cia hé can
cau ¢o thé dugc thiét 1ap nhu sau [6]:
(e +m,, Jc+m,i'sin 6+m 16 cos 6

+2m,ldcos@—m 167 sin 6= f,,

(4)

mplXcos @ +mpl“0 +2m 10 +m,glsin =0 (5)

Vi giai thuat tiép can nhu dé nghi, viéc xac dinh mo
hinh toan cho hé cin cau container 1a khong can thiét.
Tuy nhién, nghién ctru van xay dyung cac phuong trinh
mo ta dac tinh dong hoc cua hé can cdu nham phuc vu
cho viéc kiém nghiém dap ung ciia hé thong vai luat
didu khién d& xudt trén moi trudng méd phong trude
khi cai dat 1én mé hinh thyc té.

2.2 Thiét ké giai thuat diéu khién

Trong phan nay, bo diéu khién Fuzzy PD sé& dugc phat
trién cho hé can ciu container. Trong do, giai thuat
mo s& dong vai tro chinh trong viéc tao ra dién ap
diéu khién phu hop thong qua hé thong luat md duge
phat trién dua trén kinh nghiém va dac tinh thuc té
clia ddi tuong. Pong thoi, cac thong s6 Kp va Kp cua
phuong phap PD c6 dién dong vai trd tinh chinh cac
gi4 tri rd cta bién trang thai vao khoang thich hop
trude khi duge mo hoa.

Hai bo diéu khién Fuzzy PD s& dwoc phat trlen doc
1ap cho hai ddi twong trong cing mot hé can céu
container, do la: gian xe va tai trong. Sau do, hai gia
tri dién ap didu khién s& dwoc két hop thanh mot luat
diéu khién duy nhat dé dam bao nhiém vu d6 1a di
chuyén gian xe dén vi tri mong mudn, dong thoi giam
thiéu tdi da hién tuong lic lu ciia container trong qué
trinh vin hanh.

2.2.1 Giai thuat diéu khién vi tri gian xe ‘
- Cftpn cac bién, ddy vao, bién dau ra cho bg diéu
khién mo: hai bién dau vao do la sai Iéch vi tri gian xe
e, va vi phan sai léch vi tri gian xe €,, mot bién dau
ra d6 1a dién ap diéu khién U ,
- Xac dinh tap co so cua cdac bién diéu khién :

+ Sai lgch vi tri xe: €, =[-0.7;0.7] (m).

+ Vi phén sai 1éch vi tri xe: €, = [— 2, 2] (mf/s).

+ Dién ap diéu khién: U,=[-24; 24] (V).
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- Thiét ké cdc tdp mo: cac tip md md ta cac gia tri
ngdn ngir cua cac bién ngd vao va ngd ra ciia bo didu
khlen mo. Chon bay tdp mo (gia tri ngdn ngir) cho
mdi bién vao, ra; cac tip mo nay dugc phan bd dua
trén tap co s& va ham lién thudc cd dang hinh tam
giac nhu H. 2, H. 3. Trong do,
NB (Negative Big): am 16n.
NM (Negative Medium): &m trung binh.
NS (Negative Small): &m nho.
ZE (Zero): khéng.
PS (Positive Small): duong nhd.
PM (Positive Medium): duong trung binh.
PB (Positive Big): duong l6n. ) ) i
- Xdy dung hé quy tac mo: h€ quy tac mo diéu khién
vi tri gian xe dugc phat trién dya trén kinh nghiém
ctia nguoi thiét ké cling nhu phuwong phép thir sai. Chi
tiét ctia 49 luat didu khién dugc thé hién trong Bang 1.
- Phwong phdp suy dién: chon phuong phap suy dién
MAX — MIN.
- Phuwong phap gidai mo: chon phuong phap giai mo
COA. . . ]
2.2.2 Gidi thuft dieu khién goc lac tii trong .
- Chon cac bién, dau vdo, bien dau ra cho bé dieu
khién mo: hai bien dau vao d6 la sai 1éch goc lac cua
tai e, va vi phan sai léch goc lac €y, mot bién dau ra
d6 1a dién 4p diéu khién U, .
- Xdc dinh tdp co so cua cac bién diéu khién :

- Sai léch goc ldc: ey =[-0.15; 0.15] (rad).

- Vi phan sai léch goc lic: €y = [— 3; 3] (rad/s).

- Dién ap diéu khién: U, =[-24; 24] (V).
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(b) Vi phan sai 1éch vi tri gian xe

H.2  Tdp mo cac bién ngé vao diéu khién vi tri gian xe.
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H.3  Tdp mo bién ngé ra diéu khién vi tri gian xe.
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- Thiét ké cdc tdp mo: cac tip md md ta cac gia tri
Ngdn ngit cua cac bién ngd vao va ngd ra clia bo didu
khlen mo. Chon bay tdp mo (gia tri ngbn ngir) cho
mdi bién vao, ra; cac tap mo nay dugc phan bd dya
trén tdp co s& va ham lién thudc cé6 dang hinh tam
giac nhu H. 4, 5.

- Xay dung hé quy tic mo: hé quy tac mo diéu khién
vi tri gian xe dugc phét trién dya trén kinh nghlem
clia nguoi thiét ké ciing nhu phuong phap thir sai. Chi
tiét cuia 49 luat diéu khién dugc thé hién trong Bang 2.
- Phuwong phdp suy dién: chon phuong phap suy dién
MAX — MIN.

- Phuwong phap giai mo. chon phuong phép gidi mo
COA.

Chu_y: Mot s6 diém cin quan tdm trong viéc xay
dung, lya chon cac tdp mo ciing nhu cac luat diéu
khién trong nghién ctru nay nhu sau:

(i) Cac ham lién thuoc dang tam giac duoc lya chon
cho cac tap mo gitp cho viéc tinh todn mot cach
nhanh chong khi cai dat b diéu khién 1én hé thoi gian
thue [9].

Bang 1. Luat diéu khién mo diéu khién vi tri gian xe

Position Error

NB|NM | NS |ZE | PS | PM | PB

NB (PB| PB | PB | PB|PB|PM | ZE

NM | PB | PB | PB | PB|PM| ZE | NM

NS | PB | PB | PB | PS | ZE | NM | NB

ZE | PB | PB | PS | ZE | NS | NB | NB

PS | PB | PM | ZE | NS | NB | NB | NB

PM | PM | ZE |NM | NB | NB | NB | NB

Derivative of Position Error

PB | ZE | NM | NB | NB | NB | NB | NB

{\IB NM NS ZE PS PM PB
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(a) Sai lech gbc lac cua tai trong
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(b) Vi phan sai léch goc lic cua tai trong

H.4  Tdp mo cdc bién ngé vao bg diéu khién géc lic.
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H.5  Tdp mo bién ngé ra b diéu khién géc ldc.
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Bang 2. Luat diéu khién mo didu khién goc lic tai 6n dinh va bén vimg cua h¢ thong duge dam bao
Payload Swing trude su thay doi cua cdc gid tri thong s6 trong mo
hinh d0i tugng.
2 NB |NM | NS |ZE | PS | PM | PB 0.6 e
3 |Ne|NB|NB|NB|NB|NB|NM|ZE| E 9l
= § 04 1
é NM | NB | NB [ NB |NB | NM | ZE | PM 8 o3f |
© % 02l ,
= NS | NB | NB | NB | NS | ZE | PM | PB | $°% Tole Posien |
© | ZE|NB|NB|NS|ZE|PS |PB|PB A S S S S i st
= o 1 2 3 4 5 6 7 8 9 10
S| PS|{NB|NM|ZE |PS | PB | PB | PB . Timels]
= (a) Vi tri gian xe
A |PM|NM| ZE |[PM | PB | PB | PB | PB o
PB | ZE | PM | PB | PB | PB | PB | PB § 005 1
2 of
(ii) Trong hau hét cac bai toan dicu khién khi giai ;
quyet bang phuong phap mo, chat lugng dép ung cua b 005 Sway Angle
hé thong phu thudc rat 16n vao tinh chinh x4c cia cac , P L , . Reference Angle

-0.1

0 1 2 3 4 5 6 7 8 9 10

ludt diéu khién va hau nhu anh huong rét it boi hinh .

dang cua cac ham lién thue [13]. (b) Goc lc cua tai
(iii) Kinh nghiém cua nguoi thiét ké ciing nhur tri thirc H.6 K& qud mé phong - Chidu dai ddy = 0.7m
ve hé can cau hoat dong trén bién dugc s dung dé 0.6 : : : : : : : : :

phat trién bd diéu khién. Cac luat diéu khién duoc xay T 05

dung chu yéu bang phuong phap thir sai va su hiéu 5 04 .

biét cua nguoi phat trién bo didu khién [14-16]. g 03l ,

(iv) Thong so cua bo diéu khién PD duogc xay dung % 02 i

biang phuong phép thir sai dua trén dap tng thyc té e Trolley Position |

cla he thong . r . . . r . . Refert?nce Porsmon
0 1 2 3 4 5 6 7 8 9 10

e Time [s]

2.3 Két qua md phéng va thye nghiém (a) Vi trf gian xe

2.3.1 Ket qua mé phéng 0.15 o

Chién lugc diéu khién dé xuat voi giai thuat Fuzzy PD _ o1 1

s& duoc kiém nghiém thong qua méi truong md % 0.05- 1

phong MATLAB® & SIMULINK®. Theo d6, dwatrén 2 of

hé phuong trinh md ta dac tir}h cfla hé can célu § 005 .

container (4, 5) va cac luat mo dé xuat cho viéc diéu B 1f zwfay Angle |

khién vi tri gian xe (Bang 1) ciing nhu diéu khién goc 0.15 S S S S S S i

lic cua tai (Bang 2), cac truong hop thir nghiém khac ootz ﬁms Is] e 9w

nhau s€ duoc dua ra nham klem tra tinh On dinh va (b) Goc lic cua tai

ben vimg cua hé thong. Thong s6 dwoc cai dat cho hé  H.7  Két qua mé phong — Chiéu dai ddy = 0.5m

can cdu trong moi trudng md phong nhu sau: m; = 4.5 0.6 : c c c c : : : :

kg, m, = 1 kg, | = 0.7 m. M6 phong dugc thyc hi¢n T 05

thong qua viéc cho gian xe di chuyén tir vi tri 0 dén 5 04 E

0.5 m va han ché téi da hién tuong dao dong cua tai g 0.3 g

trong qua trinh van hanh h¢ thong. Theo do, dua trén 302 .

dap tmg trén H. 6, céc chi tiéu chat lugng dat ra cho 2 o1 7;’(}"{":;'25:;‘;'3“0n

bai toan di€u khién can cau container déu dugc dam 0 : : : : :

bao, trong d6: (i) gian xe di chuyén dén vi tri mong ﬂmf Is] e e

mudn trong kho’émg thoi ’gian 3.36 s, khong xay ra (a) Vi tri gian xe

hién tuong vot 10 va sai sO xac 1ap duogc triét ti€u; (ii) o1 . . i . . i . . .

goc lac t01 da cua tai (0.094 rad) trong qua trinh hoat _

dong ndm trong khoang cho phép va sai s6 xac lap g 00 1

duoc loai bo khi hé thong dat dén trang thai xac lap. 3 oL

Ngoai ra, dé kiém tra tinh bén viing va on dinh cua hé %

thong voi chién luge diéu khién dé xuét, gia tri cua b 008 Sway Angle

chiéu dai day treo tai s& dugc thay ddi +20 % so véi oab e ..., Refrencepnde

gia tri tiéu chudn. Cac két qua trinh bay trong H. 7, 8 e r 2 Tlmg Is] TP

cho thdy céc chi tiéu chdt lugng diéu khién khong (b) Goc lic cua tai
khac biét so véi truong hop tiéu chuan nhu H. 6, tinh H.8  Két qud mé phong — Chiéu dai day = 0.83m

VCCA-2015
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2.3.2 Két qua thue nghiém

Sau khi dugc kiém nghiém trén moi truong mod
phong, giai thuat Fuzzy PD d¢ xuit sé dugc cai dat
thir nghiém 1én md hinh can cau container hai chiéu
dit tai Phong thi nghiém Pong luc hoc va diéu khién
(H. 9). Thong sb cua hé thong duoc cai dit cho
chuong trinh diéu khién nhu sau: m, = 4.5 kg, my=1
kg, I = 0.7 m. Thi nghiém dugc thuc hién bang cach
diéu khién gian xe di chuyén tir vi tri 0 dén 0.5m va
han ché ti da hién tuong dao dong cua tai trong qué
trinh van hanh hé thong. Céc bai toan diéu khién khac
nhau s& duge dat ra nham kiém tra tinh én dinh va bén
ving ctia hé thong.

Céc két qua trinh bay ¢ H.10 cho thiy céc chi tiéu
chét lugng dat ra cho bai toan diéu khién can céu déu
dat duoc, trong do: (i) gian xe di chuyén dén vi tri
mong mudn trong khoang thoi gian 3.52s, khong xay
ra hién tuong vot 16 ciing nhu sai s6 xdc 1ap nam
trong ving gia tri cho phép; (ii) goc lic tbi da cua tai
(0.1 rad) khong vuot qua muc an toan dat ra va dugc
triét tiéu khi hé théng dat dén trang thai xac lap.
Ngoai ra, tinh 6n dinh va bén virng cua giai thut diéu
khién ciing dugc kiém nghiém thong qua viéc thay dbi
gia tri chidu dai day +20 % xung quanh gi4 tri tiéu

chuén. Cac két qua thuc nghiém trinh bay trén H.11,
12 cho thay, cac chi ti€u chat lugng cua hé thong déu
duoc dam bao nhu ¢ truong hop ti€u chuan H.10.

H.9  Mo6 hinh thuc té hé can cau container
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3. Kétluin

Trong bai bao nay, phuong phap diéu khién Fuzzy PD
dd dugc phat trién cho hé can ciu container. Trong
d6, v6i moi dbi twgng trong hé thong 1a gian xe va tai
trong, nghién ctru dé xuat xdy dung cac luat diéu
khién md doc lap dua trén kinh nghiém cta nguoi
thiét ké cling nhu dac tinh thyc té cta hé can cdu. Sau
d6, hai gia tri dién 4p diéu khién s& dugc két hop
thanh mot luat diéu khién duy nhéat dé dam bao nhi¢ém
vu d6 1a di chuyén gian xe dén vi tri mong mubn,
dong thoi giam thiéu téi da hién tuong lic lu cta
container trong qua trinh van hanh. Pong thoi, cac
thong s6 Kp va Kp cta phuong phap PD c6 dién dong
vai tro tinh chinh cac gia tri rd cta bién trang thai vao
khoang thich hop truéc khi dugc mo héa. Tinh 6n
dinh va bén viing ctia hé thong voi giai thuat dé xuét
s& lan luong dwoc kiém nghiém trén méi truong mod
phong ciing nhu mé hinh thyc té thong qua cac bai
toan diéu khién khac nhau.
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