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PIEU KHIEN GIAI THUAT DI TRUYEN - MO
CHONG DAO PONG BEN VUNG HE CAU TRUC 3D

CONTROL OF GENETIC ALGORITHMS - FUZZY ANTI - SWING SUSTAINABILITY
OF 3D CRANE SYSTEM

TRAN TH] YEN NHI®Y, NGUYEN HOANG TRUNG®™?,
NGUYEN THU NGUYET MINH®**9 va PO THANH TUNG("™

TOM TAT: Bai viét sir dung bo diéu khién mo dé tao ra bg diéu khién chéng dao dong cho hé cau
truc. Bé diéu khién mo dwoc thiét ké hoan toan duwa trén thong tin cua nguoi van hanh co kinh
nghiém. Pong thoi, sit dung thém gidi thudt di truyén dé t6i wu cdc théng sé trong bé diéu khién
cau truc. Muc dich cia bé diéu khién la diéu khién vi tri va chéng dao dong goc cua tai khi dén noi
can dén nham giam nguy co tai nan va tang hiéu sudt trong cong viéc. Cdc két qua mé phong dwoc
thuwce hién trén Matlab Simulink chi ra rang, hé thong cé chat lwong vi tri tot ciing nhie kha ndng
lam giam goc dao ddng tot so véi bé diéu khién PID trong diéu kién bién thién thong sé.

Tir khoa: hé mo; gidi thudt di truyén; hé cau truc 3D; chong giao ddng bén viing.

ABSTRACT: The paper uses the fuzzy logic controller to create the anti-swing controller of crane
system. The fuzzy logic controller is designed totally from information of the experienced-operator.
Simultaneously, uses more genetic algorithm to optimize the parameters inside the crane
controller. The controller’s purpose controls position and prevent the payload angle swing at the
desired position in order to reduce industrial accidents and increase work performance. The
simulated results are performed on Matlab Simulink shows that the system has good position
quality as well as the ability to reduce payload angle swing in comparision with PID controller in
varying parameter condition.

Key words: fuzzy system; genetic algorithm; 3D crane system; anti-swing sustainability.

1. PAT VAN PE

Cau tryc dugc s dung rong rdi trong cac
nganh cong nghiép nhu van chuyén tai ning, vat
liéu nguy hiém trong cac nha may, khu dong tau,
cac cong trinh xdy dung cao tang... O cau tryc,
khi chuyén dong nhanh va dimg lai dot ngot, lam
xuét hién dao dong tai. Dao dong nay co thé tu
giam nhung s& ton thoi gian, gy ra giam hiéu
suat cong viéc. Khi diéu khién cau tryc, cin nhan
vién van hanh c6 ky ning diéu khién bang kinh
nghiém cua ngudi d6 dé dimg dao dong tai diém

cubi. Hon nita, dé thao tai, cAn mot ngudi van
hanh tai diém dimg. Do d6, lam thé nao dé dat
duoc vi tri chi dinh chinh xac véi thoi gian it nhét
ma van 6n dinh tré thanh vin d& duoc quan tim
trong viéc nghién ctu cac phuong phap diéu
khién cau truc [3], [6, tr.3972-3984], [8, tr.754-
760], [11, tr.1298-1303]. Muc tiéu cta bai viét dé
xut bd quy tdc md cho hé cau truc khi di chuyén
mang tai dén vi tri mong muén va giir cho goc
dao dong cua tai nho nhét co thé. Trong diéu kién
van hanh thuc té, con co nhiing tac nhan nhiéu
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khong du doan dugc hay cac tham s6 bat dinh
luon tiang theo sy anh hudng cua thoi tiét, sy da
dac tinh co khi, sy thay d6i khdi luong tai... Do
do, s& rat co gia tri dé phat trién mot by dicu
khién bén vimng v6i sy 6n dinh tot nhat va dap
g cac mong mudn cho viéc diéu khién hé cau
truc [10, tr.2724-2729]. Két qua mo phong cho
thay, bo diéu khién chéng dao dong bén viing khi
thay dbi cac thong s6 va tét hon khi so sanh véi
b6 diéu khién PID — GA trong cung diéu kién.

2. NOI DUNG

2.1. Thiét ké bd diéu khién

Khdi diéu khién md (FLC) ¢6 4 ngd vao (Hinh 3):
Sai léch vi tri theo phuong x 1a e, sai 1&ch vi tri theo
phuong y 1a e,,, goc dao dong ctia tai theo phuong x 1a
61, g0c dao dong cuia tdi theo phuong y 1a 61,,. Ng0 ra
khdi diéu khién mo FLC ¢6 2 ngd ra: Pién ap theo truc x
va dién 4p theo truc y. Ngb ra ctia khdi didu khién mo di
vao ddi trong hé cau truc Crane 3D. [6, tr:3972-3984], [7,
tr.261-266], [8, tr.754-760], [11, tr.1298-1303].

Muc tiéu diéu khién 1a diéu khién vi tri cau
truc xr, yT" t61 vi tI’l mong muén Xdesire» Ydesire
nhanh nhat c6 thé, khong giy ra qua mirc dao
dong cua tai 6y, 64, [5], [9, tr.2956-2961]. Bén
canh do, giai thuat di truyén chinh dinh, tim thong
s6 t&i wu cho 50 bién chira bén trong khdi mo.

Cac thong s trong GA: Kich thudc quan thé:
120; S6 tham s&: 50, gom: A; <i<
44,K,,K,, K3, Ky, K5, Kg ; Céch chon loc: Chon
loc sdp xép hang tuyén tinh; Xac suat lai ghép va
xac suat dot bién: p, = 0.9;p,, = 0.1; Céch lai
ghép: Lai ghép 2 diém; Cach dot bién: Dot bién 1
diém; Ham thich nghi: fitness = ,%c iC=
1072, ] = YN (2 + eZ + 0% + 62).

Sai 1éch vi tri theo cac phuong: e,

Xdesire — XT5 €y = Ydesire — YT

Chc giA tri ngdn ngft ctia khoi didu khicn mo: e, ey,
gom NL, NM, NS, ZE, PS, PM, PL; 6,, 6,, gom NL,
NM, NS, ZE, PS, PM, PL; w,, u;, 2dm N6, N5, N4, N3,
N2, N1, ZE, P1, P2, P3, P4, P5, P6. [6, 13972-3984], [8,
.754-760], [9, tr.2956-2961].
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Xay dung luat diéu khién chéng dao dong tai cho
khéi didu khién mo theo kién thirc théng thudng va
theo kinh nghiém, nghién ciru ctia ban than. Pdng thoi
trinh bay thém mét luat diéu khién trén béo qudc té.

) J %y NL NM NS |[zZzE |PS PM PL
&y, &
NL ZE Pl B2 P3 P4 Ps Pa
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2 S
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NS P2 Pl ZE NI | N2 | HE | N4
ZE BE P2 Pl ZE N2 N3
PS P4 P3 P2 Pl | ZzE N1 | N2
PM Ps P4 Pz | Pl | zE
PL P6 P5 r4 r3 P2 r1 ZE

Hinh 1. Luat mo theo kién thirc thong thudng
va Luat mo theo bai bao quéc té [1, tr.196-200]

S €xs By

NL NM NS |zZE |Ps |[Pm | PL
91 x 91
NL N6 NS N4 (N8 (P4 |BS BB
NM N6 NS5 N4 |N2 |Pa |BS P&
NS N6 NS N4 |NI (P4 |BS P6
ZE e (N5 N4a (zE |Pa |BS |6
Ps B B8 |~4 (PO (p4 (BS (HE
PM N6 N5 N4 |B2 P4 |B8 P&
PL N6 N5 N4 |BH (pa |BS P&

Hinh 2. Luat mo theo kinh nghiém ban than
va Md hinh ciu truc
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2.2. M6 hinh hé céu truc

Heé cau tryc 1a hé phi tuyén, n6 rat kho diéu
khién mot cach tryc tiép goc dao dong cua tai, goc
dao dong sé& tang 1én theo quan tinh ciia tai. Pong
thi, hé cau truc duge xem nhu mot h¢ diéu khién
khong hoan chinh véi sb luong ngd ra luén nhiéu
hon s lugng ngd vao, do do, s€ luon ton tai dao

dong tai khong mong mudn trong sudt qué trinh
chuyén dong cta cau truc [4], [11, tr.1298-1303].

thetalx

thetaly

Hinh 3. Hé mo dé xuét cho cu truc chéng dao dong

Cu truc di chuyén tu do theo truc x, y.
G6c dao dong tu do theo phuwong x, y. Chiéu
dai day 1a hang s6. Khong xét goc dao dong &
tai. Hé toa do tham chiéu dugc gin véi cau truc
(Hinh 2), chiéu Z, huéng xubng. Moc tai dugc
nbi v&i clu truc qua soi cap nho, mém, khéi
lugng cap dugc xem nhu khong cé khi so sanh
voi khdi lwgng moc tai va tai. Moc tai dugce
xem nhu mot diém véi tai v6i khéi luong my,.
Chiéu dai cap 1a hang s6 I, vi vy, vi tri chinh
x4c cua moc tai c¢o thé xac dinh bang goc cia
cap. Goc nay duge do bang hai bién 6, ,, 61y la
hinh chiéu cta cap trén mat phang X-Z va mat
phang Y-Z [4], [11, tr.1298-1303].

Trong do:
k Xr
Fx = R_mr(ux - kT),Fy
k yr
= (i)
R,,r (uy r
_, My g My
Ly = Ly, = E(3R§ + 1)y, = o R

xr,yr la vi tri cta cau truc trong hé toa do
quan tinh chuan;

Xp, Yp, Zp 12 vi tri clia tai trong hé toa do;
my, la khéi lwong cua tai va moc tai;
my la khdi lugng cua cAu truc;
m, 1a khdi luong cta dudng ray cau truc;
g 1a gia toc trong truong;
R,, la dién trd phan tng ciia motor;
r 13 ban kinh banh xe ctia ciu truc;
R, 1a ban kinh trong tam cua tai;
Bj, B,, B3, By 1 céc hé s6 ma sat trén cau truc;
1. 1a chidu dai cua day cap tai;
I, 1a chiéu dai cua tai;
F, F, 1a lyc tic dung vao cAu truc theo
phuong x, y;
Uy, Uy l1a dién ap motor tic dong theo
phuong x, y;
R 12 ban kinh cua tai treo;
k 13 hang s moment ctia motor [8, tr.754-760].
MBS hinh cau truc 4 bac ty do
(mT +m, + mp)ic'T +
mplcélx cos 6y, = A; (1)
(mr + m, +m,)jr
+m, 1.6, sin 0y, sin 01y
+m, lcély cos 015 cos 8y,
=4, (2)
MplcXp cos 01 — myleyr sin 6y, sin 0y,
+ (mple® + 1y )01, = A3 (3)
Myl 7 cos 015 cos Oy,
+ (Lx 082 01 + 1, sin? 04,

+m,l.° cos? 01,)6y,

=4, (4)
k X7 _
A= R_mr(ux — k7> + mpl 07, sin Oy,
— Bixr
A,
k yr
= o (0= 7)

+ my,l.0%, cos Oy, sin by,
+ my, 102, cos 6, sin 0y,

+ 2mplC91x91y Sin 61, cos 01y, — By yr
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As = —B36,, — m, 1202, sin 6, cos 0y,
- (Ixx
— 1,,)0%, sin 0y, cos 6,
—mpgle sin By, cos 6y,

Ay = —B4ély + 2mplC291x91y Sin 61, cos 04,

- 2(Izz
— L )01x01y SN 01, cOs 01
—mpglccos Biysin by,
2.3. Két qua md phéng
Thong s6 di twong khi thiét ké bo dicu
khién: my = 3kg;m, = lkg;m, = 1kg; B; =
B, =B3; =B, =0.01;1, =1m; 1, =
0.1m;r = 0.01m; Ry, = 22; R; = 0.05m

xis Posifion yautis Position

| Foston

= = w ) Refmence Pifon | |

Hinh 4. Vi tri va géc dao dong cta cau truc

Hinh 4, thé hién chat luong diéu khién &
thong s6 thiét ké. Truc x, dung lai sau khi di
chuyén dén gidy thir 25; Truc y, di chuyén t&i
gidy thir 27 voi muc dich dé cho dao dong cua
truc nay s€ tac dong 1én goc dao dong cua truc
con lai. Goc dao dong ca tryc x va y sau khi dén
noi can dén déu rat nho, lan luot khoang 0.58 do
& truc x va 0.14 do & truc y. Vot 16 ¢ diéu khién
vi tri truc x 12 0.52%, & truc y 12 0.33% [2].
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Hinh 5. Vi tri va goc khi so sanh cac luat diéu khién mo

Hinh 5, theo truc x, ¢ luit mo theo kién
thirc thong thuong, diéu khién vi tri c6 sai léch
khoang 6%, vot 16 khoang 6.81%, c6 hinh dang
bam theo, goc dao dong khoang 0.9 do. Luat
mo theo bai bao quéc té, khong thé diéu khién
duoc vi tri, goc dao dong 16n khoang 22 d6.
Vé6i luat diéu khién mdi, sai léch trong diéu
khién vi tri 12 0%, vot 16 khoang 0.52%, goc
dao dong 0.58 d5. Theo truc y, ludt mo theo
kién thirc thong thuong va theo bai bao qudc té
khong diéu khién dugc. O luat diéu khién méi,
vot 16 khoang 0.33%. Goc dao dong theo luat
mo cia bai bio qudc té khoang 19.4 do, theo
phuong phép thong thuong khoang 1.07 do, voi
luat diéu khién méi khoang 0.14 do.
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(Compare the payload mass together - x-axis Position

Compare the payload mass together - y-axis Position
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Hinh 6. Vi tri va goc khi thay d6i khéi lugng
cau truc va khdi lugng tai
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Hinh 7. Vi tri va goc khi thay ddi cac thong sb mo va khi
ding PID — GA vdi diéu kién thay déi chiéu dai day cap
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Hinh 8. Vi tri va goc khi dung PID — GA véi didu
kién thay déi dién tré phan ng va véi didu kién
thay d6i khéi lugng tai

. PID-GA: Compare the rail mass togather - x-aus Position . PIO-GA Compare the ail mass fogether - x-axis Swing Angle
R

- e

e

- ng
-y

- 209

PID-GA : Compare the trolley mass together - x-axis Position

oot

EEEEE] ]

Tima(s)

Hinh 9. Vi tri va goc khi ding PID — GA véi diéu

kién thay ddi khéi lwong thanh ray va vai didu kién

thay ddi khéi luong cu truc
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3. KET LUAN goc dao dong co tinh 6n dinh bén viing véi su

Bai viét giai quyét van dé vira didu khién  bién thién cua cac tham sd, hon nhiéu so véi
dugc vi tri va cling dam bao goc dao dong cia sy 6n dinh bén viing trong cac bo diéu khién
tai nho. Qua két qua mo phong, chimg t6 ludt  khac hay cac luat mod khac trong cing phuong
mo méi tot hon nhiéu so voi cac luat mo khac,  phap diéu khién mo. Khi so sanh véi bo diéu
diéu khién chinh xac hon ca vé vi tri ma bao  khién PID — GA, ching ta thdy rd, bo diéu
dam dugc goc dao dong cua tai nho. Khithay — khién Fuzzy — GA véi luat md méi ¢ su bén
ddi cac thong sd bén trong cua dbi tuwgng,  viing on dinh véi sy bién thién cac thong so.
thong sd bén trong hé mo, chung ta thay rang,
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