PIEU KHIEN MO THICH NGHI MO HINH CAN CAU XOAY
THE ADAPTIVE FUZZY CONTROLLER FOR A ROTARY CRANE
MODEL
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TOM TAT

Bai bao trinh bay bd diéu khién thich nghi cho cin ciu xoay. Muc dich ciia bd diéu khién nay la giit
tGi mirc nho nhat c6 thé duoc sy dao dong cua vt treo trong qua trinh di chuyén va dap tit né khi di
dén dich nham 1am giam nguy co gy tai nan cho ngudi va cac thiét bi trong ving lam viéc. Bo diéu
khién duoc thiét ké 1a bo diéu khién mo thich nghi tryc tiép. Cac két qua mo phéong dugc thuc hién
trén Matlab Simulink cho thdy bo diéu khién dap tit dugc dao dong kha hiéu qua.

ABSTRACT

The paper presents the adaptive controller of rotary crane. The aim of this controller is that the load
swing is kept small during the transfer process and completely vanishes at the destination to reduce the
risk of people and equipments in the work space. The controller designed is the direct adaptive fuzzy
control system. The simulation results conducted in Matlab Simulink environment have shown that the

control system has reduced the load swing effectively.

1. PAT VAN DE

Can céu xoay la mot thiét bi dugc st
dung rong rai trong cac cong truong xay dung,
cac nha mdy va cac cang. Vi kich thude cua cac
cin cau ngay cang 16n va thoi gian yéu cau nang
chuyén ngay cang ngin lai, viéc diéu khién cau
xo0ay tr¢ thanh nhiém vu kho khan, doi héi nguoi
cOng nhan van hanh phai c6 tay nghé cao. Do do
vi€c nghién ctru cac bo diéu khién tu dong nham
hd tro cho viée van hanh cin ciu mot cach an
toan 1a can thiét. Van dé vé diéu khién can céu dé
chéng dao dong cua vét treo theo phuong tinh
tién da dugc dé cap trong mot s6 bai bao [5], [6].
Nhing thir nghiém vé diéu khién neural, fuzzy
thong minh cho can cau cling da dugc thyc hién
(51, [7]. o

Muc dich ciia bai bao nay la d€ xuat b
diéu khién cho can cdu xoay nham di chuyén vat
treo dén mot diém va sy dao dong cua vt treo
trong qué trinh di chuyén duogc gitr t6i mic nho
nhit c6 thé. Dé dat duoc didu ndy yéu cu c6 hai
bo diéu khién, mot 1a bo PID dé dua vat treo dén

diém mong mudn va mot 1a bo diéu khién mo
thich nghi dé han ché dao ddong cua vat treo theo
ca 2 phuong: tinh tién va xoay. Bai bao nay sir
dung mo hinh can céu xoay 2 béc tu do cua tac
gia Hanafy M. Omar [1] va bo diéu khién mo
thich nghi tryc tiép cua tac gia Li-Xin Wang
[4]. Cac két qua md phong cho thay viée sir dung
bd diéu khién mo thich nghi dé han ché dao
dong cua vat nang 1a can thiét.

2. MO HINH CAN CAU XOAY

Can cau xoay 1a mot hé thong phi tuyén,
bao gém mot xe con va mQt vat nang treo trén sgi
day mém. Xe di chuyén doc theo phuong ngang
ctia thanh ray va ban than thanh ray c6 thé xoay
quay mdt khép ban 1&. Chiéu dai cua day treo
dugc didu khién mot cach doc 1ap nho mot dong
co riéng.

Mo hinh can cau xoay 2 bac ty do[1]:
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3. THIET KE BQ PIEU KHIEN

Hai bo diéu khién duoc st dung cho mdi
bac tu do: Bo diéu khién PID dé dua vat dén vi
tri mong mudn, b diéu khién mo thich nghi dé
bam theo tin hiéu diéu khién nham han ché su
dao dong cua vat treo do tac dong ctua bo diéu
khién PID gay ra.

Xét mot hé phi tuyén dugec mé ta bai
phuong trinh vi phén: [4]

= f(x)+bu
y=x

)

Trong d6 x 1a vector trang thai dau vao:
. (n-1)
x=[x x.. x]" (6)

u la tin hiéu diéu khién, ham phi tuyén
f(x) dugc gia thiét 1a khong biét,b 1a hing sb
duong. Bo diéu khién mo thich nghi duoc tong
hop sao cho hé théng lam viéc 6n dinh c6 tin
hiéu dau ra x bam theo mot quy dao cho trude.

Goi tin hiéu mong muon la:
(n=1)

x ] (7)

X, =[x, Xa ..
Vector sai soO:

e=x-Xx,
o (n=1) (n=1)
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Can thiét ké bd diéu khién sao cho x bam
theo tin hiéu chuan x , nghia la:
lime(t)=0 9)
[—®©

Bo6 diéu khién hoi tiép tuyén tinh hoa
duoc dé xuat:

=—( —f()+x" —ke) (10)

Kho khan ¢ day la ham phi tuyen f(x)
khong biét. Do d6 can xap xi luat diéu khién trén.

Co6 thé thuc hién dugc bang hai cach:

Céch 1 : Piéu khién mo thich nghi gian
tiép: Dung md hinh mo hay mang neural dé Xép
xi ham phi tuyén f(x) st dung cho tin hi¢u diéu
khién dya trén nguyén 1y chic chan tuong dwong
(certainly equivalent principle).

Céach 2: DPiéu khién mo thich nghi truc
tiép: Dung mé hinh mo hay mang neural dé xap
xi truc tiép luat diéu khién u.

Trong bai bao nay st dung bo diéu khién
mo thich nghi truc tiép [4].

Hé qui tic mo mé ta u(x) c6 dang if then
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sluy ra u dugc viét dudi dang:
uy(x10)=@ &(x) (13)

Chon ham Lyapunov:
V zieTPe-i-i(H* -0)" (6 -0) (14
2 2y

Trong do: P la nghiém cua phuong trinh
Lyapunov AP+ P4=— 0
v la mot ‘Ilﬁng s§ duong.
Chon luat diéu khién thich nghi theo ti€u

chuan Lyapunov V. V <0 ta duoc
0= p,&(x) (15)

Vi p,1a ¢t cudi cung cua ma tran P

*@Giai thuat di€u khién:
-Buwdc 1: V6i moibiendauvaox; = o, x = o
xac dinh 6 ham lién thudc dang Gauss.

-Budc 2: Xay dung h¢ mo u,(x|6) tx

n
I I ,/m; luat sau:
i=

IF x; is All‘ and ... and x, is Ai‘, THEN

Upis S I,
Str dung phuong phap suy dién tich, mo hoa
singleton, giai md bang phuong phap trong tim
duoc: (11)

-Bucc 3: Tinh &(x) theo (12)

Xac dinh p,

Thong s6 duoc hiéu chinh dua vao luét thich

nghi 0=7"p,&(x).
-Buéc 4: Lay tich &(x) va 0 duge u,(x|0)
(13)

4. KET QUA MO PHONG

Sau day 1a két qua mo phong trén Matlab-
Simulink 6.5 cho hai chuyen dong tinh tién
va xoay. Khao sat mdi chuyén dong vai hai
truong hop tin hi¢u dat.

4.1 Chuyén dong tinh tién
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Mot s6 cac két qua mo phong:

* Truong hop 1: Cho xe con chay toi
mot khoang 1a 1m rdi ding. Khi d6 dap tmg cua
hé théng c6 dang:
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Hinh 4 Bap ung cta hé théng str dung bo diéu
khién PID véi gia tri dat la 1m

Trong truong hop nay goc lic cla vat
treo la:
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Hinh 5a Goc lac khi khong ¢ bd didu khién

thich nghi.
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Hinh 5b Goc lic khi c6 bd diéu khién thich nghi.

Nhan xét: Sau chu ki dao ﬁéng :thl'r hai
bién do dao dong giam di dang ké va tat hoan
toan khi dén dich.

*Truong hop 2 Pé xem kha niang bam
cua by di€u khién nhanh hay cham, xét tin hi€u

dicu khién co6 dang:
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Hinh 6 Tin hiéu diéu khién

Trong truong hop nay goc lic cua vat
treo s€ la:
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Hinh 7a Géc lic khi khong ¢ bd didu khién
thich nghi
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Hinh 7b Géc lic khi c6 bd didu khién thich nghi

Nhan xét: Hinh 7a- Bién d6 dao dong
kha lon: (+15",-15"). Dusi tac dung ctia bo didu
khién thich nghi (Hinh 7b) thi géc lac giam di
dang ké con khoang (-8 +8°).

4.2 Chuyén dong xoay
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Hinh 8 M6 hinh cué chuyén dong xoay

So dd diéu khién: St dung so dd didu
khién nhu Hinhl. Khio sat hé thong trong hai
truong hop cua tin hi¢u dat:

*Trudng hop 1: Cho hé théng quay di 1
goc 1a 2 rad rdi ding. Khi d6 dap tmg cua hé
thdng c6 dang:



Hinh 9 Dép tmg cua h¢ thong sir dung bo diéu
khién PID véi gi tri dat 1a 2 rad

Duéi day 1a két qua md phong goc lic
cua vat treo twong ng voi cac trudng hop khong
c¢6 (Hinh 10a) hodac c6 bd dieu khién thich
nghi(Hinh 10b). Bién d6 dao dong kha 16n: (-
3007,+300). Nhung voi tic dung cia bd diél}
khién thich nghi thi goc lac s€ gidm di dang ké
con khoang (-8 ’ 4 0).
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Hinh 10a Géc lac khi khong c¢6 bo diéu khién

thich nghi
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Hinh 10b Géc lic khi c¢6 b diéu khién thich nghi

*Truong hop 2: Cho hé théng quay theo
chidu nao do trong mot khoang thoi gian roi
dung. Khi d6 tin hi€u diéu khién co dang:

Hinh 11 Tin hiéu diéu khién

Vit treo s& dao dong véi goc lac la:
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Hinh 12a

Hinh 12b

Nhédn xét: Bién d¢ dao dong kha lon (-
300,+300) va thoi gian dao dong rat lau
(Hinh 12a). Khi dua bd diéu khién mo thich
nghi vao thi dao dong duoc dap tit sau
khoang 40s (Hinh 12b). Nhu véy trong
truong hop nay viéc su dung bd diéu khién
mo thich nghi 1a can thiét.

4.3 Két hop chuyén dong theo 2 phwong



Hé théng d@)ng thoi thuc hién ca 2
chuyén dong : tinh tién theo phuong x mét doan
la 1m va quay mét goc la 2rad. Pap ung cia hé
thdng nhu hinh vé:
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Hinh 13a Bap tng khi quay thanh ray mét goc 2
rad
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Hinh 13b Péap tmg khi tinh tién xe mot doan 1a
1m.

Tuong tng v6i hai phuong chuyén dong
s& 1a cac goc lic cua vat treo nam trong mat
phang theo phuong tinh tién va goc lic nam
trong mit phang vudng goc voi phuong tinh tién.

Sau day 1a goc lic ndm trong mat phing
theo phuong tinh tién va phuong tlep tuyen voi 2
truong hop khong co va c6 bd diéu khién thich
nghi:
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Hinh 14a Goéc lic trong phuong tinh tién khi
khong c6 b dicu khién thich nghi
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Hinh 14b Goc léq trong phuong tinh tién khi co
bd dieu khién thich nghi
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Hinh 15a Géc lic theo phuong tiép tuyén khi
khéng c6 bo diéu khién thich nghi
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Hinh 15b Goc léq theo phuong tiép tuyén khi c6
bd diéu khién thich nghi

Nhdn xét: Bo diéu khién thich nghi da lam giam
thiéu dao dong cua vat treo theo ca hai phuong
va dao dong dugc dép tat hoan toan khi dén dich.

5. Két luan

Cac mo phong trén may tinh cho thay
rang cc bo diéu khién dugc thiét ké di dap tmg
dugc yéu ciu. Bo diéu khién mo thich nghi da
bam theo t6t tin hiéu dit trong hai trudng hop va



hé théng hoat dong on dinh. Do d6 viée st dung
bd diéu khién mo thich nghi dé han ché dao
dong cua vat nang la can thiét. Bé c6 thé danh
gia chinh xac hon, bd diéu khién mo thich nghi
nay can dugc kiém chting bang mé hinh thuc
nghiém cua can cdu xoay. Chuong trinh diéu
khién trén may tinh giao tiép voi ddi twong
thong qua card PCI va Matlab Realtime
Workshop.
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