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A Study on Anti-Sway of Crane using Neural Network Predictive PID Controller
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Abstract

o) & A o] (Predictive control),

In this paper, we designed neural network predictive PID controller to control sway
happened in transfer of trolley for automatic travel control system. We include dynamic
character of nonlinear system, and mathematical expression very simple used neural
network. When various establishment location and surrounding disturbance were approved
based on mathematical modelling of crane, controller designed to become effective control
location error and vibration angle of two control variables that simultaneously can
predictive control. Neural network predictive PID controller produced parameter of PID
controller using neural network self-tuner. Neural network self-tuner’s input used crane’s
output and neural network predictor’s output. Neural network self-tuner using error back
propagation algorithm. We analyzed control performance comparison through computer
simulation when applied disturbance about sway of location and angle in transfer of crane.
The results show that the proposed neural network predictive PID controller has better
performances than general PID controller, neural network PID controller.
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Table 1. Parameters of crane system

Parameters Descriptions
X Trolley position[m]
X Trolley velocitylm/sec]
X Trolley acceleration[ m/sec?]
1 Rope Zo]
1 Rope velocity
6 2152 [deg]
é 525 [deg/sec]
6 NEZ}7 5] deg/sec?]
g ZE7 5[ mfsec?]
m Trolley 23 kgl
M container & ~Z#H ] 2 FHkg]
Fr Trolleyoll 217t F[N]
Fy Hoistell 17} 3[N]

Fig. 1. crane system modeling

—220—



B
ot
b2
o
.

Al2~dl Bl g a7 Y8 7FA Skl Lagrange
Equation& ©]&3le Zd Q] Alxwo]l 54k

Lagrange 8944 Sz

A71M, g AtstE HEAEZ UEE, Qe
Ugutalg 2T g0 WleEHE wEE gukgolr)
Lagrange L& o535 o] FEAUAUT)e #2]of
W A|(V)ete] zolz A ojgot

28 13 22 ZA Alaged loiA Fofx o]
oF ¥ WigRE EETY X x, FE Zo| |/,
Aoy %zt g o3, Ao YPogE EF
29 Zol 2k A7bHE 7o 4 Fost Fyu7t
ot o]gt Axdle] 484 mdlale Lagrange

olgste} Theat 2 34 WY ¥

Fr=(M+m i +misind—mi § sind
+2mi6 +ml G cos

Fy =—é—m3& sin0+—§m7 ——%ml K

- (3)

T (4)
- mgcosd
0 = 16 +2160+gsinf+ x cos@ oo &Y
239 ol WaA Bw, 2] Uk Ao
2 74Hste) EEEVE BEXAHIR] AHoUE F
ao) WFOE %W + At Axger T4
At
Fr=(M+m)x —mil 6°sin0 +ml 6 cos @
.................................................................................. (6)
0 = 16 +gsinf+ x coS 8 oo (7
oA7]A, deelve £5Y Ztx g1 a7t

gl A e - ol A 3
g £ 9lemz 9747 (a0, p=>0, a+p=2)9]
ez BAEE EE 38 A¥s A AAA
=Ho, L8 cosd =1, sing =92 TAE Fe
ol Zbsdn 99 EWAHALE g Zol
& T AUrk

3 MZEEZEY o) F PIDMO| AlAH

2 =2 A Al2EE Aoftr) 8 At
AREEEY 4F
o 7

& PID Ajo]Aj2¥l2] Block Dia-
gram ‘-“f} 29 ) o] A A’ AAZT o
& Aeolz] zel:, Aozl dAdeE Ab
35}—: ﬂ%ili‘%} A71E2712 FA Y duty
o2 PDACI/E HeAoly|zd Faa] A%
o FE7} ket QA B BASE Ao
LeiA gtk & Do) A YHF F718 A=
t 3E3 gAY BFe) 21K g2 dajel o
Feigd. elze 4 10)# 2o

o)

F,~=—ip (3sinwt + Tsin2wt
+ 5sin3wt + 4sindwd)

Crane Model W

NN Predictor : Angle

NN Predictor :

I

NN €ppogrionll* 1),

Tuner Op.mgall* )

et)

Fig. 2. A block diagram of neural network

predictive PID control systems

—221—



4 Anti-Sway

wi F8dz]e] 7|& Fa(fundamental fre-
quney)olx, pE ¥89 =Z7/(magnitudes)E e}
doh 18 38 FA7e] ARG 2y st
g BEAEE Jeldo 4 u), ut-1), v
(1), y(t-1)2 AAZA. 474, AAFF =T g5

Agza o] F A %S A& nA F e A7
a2 =72 AMEEHAT AAIEY 57
19 dF712 FAsden, A7332%s HE=
FAsS gaA dEriz A = doks] 29
494 n3 dEe w9 yOo dgt g 247 e
U ol Al7s2 ke dEdE] rE ZAs)
A Ack o= £ trolley positiond} angle®] 22
ZAES trrolley position® angle®] &3t3 ¢
HYS ANAARY &7 JEog AHESHATh

A2H dzzEn SUEL] A4 EHo dHE 2
g 1Ay flste AAF R A7 27 (self~
tuner) = on-line 8H&& E3te] Aol7]e stetnH

Back propagation
Neural Network Identifier

ﬁ.g) ol®

u) — Crane Model — W)

Fig. 3. A block diagram of neural network Identifier

Fab ol

=
T

1l

u(®)
ut-1)

u(t-n)

A
wt-1)

¥t-d)

Fig. 4. Neural network predictor

>

i
o
)
51}

% AR R ATlExr e dHS
2 d=Z39l position?} angle, 12|31, HA A}
& A ZHo] NF error2 3FHch 4173
29 2A7)$x7)19 F2E 39 5% #rh 29 59

e 4 QDT 2L eARFE sdon, 479
29 A7) $27)E o] LAYTE Folx Moz
sag s "ok 97IA, e+ DE AR,
vt+DE oS Fagelth HAFAAE o
2931 293 ZHFX #HIEe 2 (12), 4
(1)% 2ol Yehd 4 Aok B4 g 77 mUE
¢ 77t 099 052 sidth SEHe o o
3 42e)Ee AHgstah

J

E= %[y d—Position(t + 1) -y p—-Position(t + 1)]2
EZ%[yd—Anglc(t'Fl)_y D‘A"g]e(t+l)]2 (11)
E= %[y d—l’osition(t + l) - YPosition(t + 1)]2
E= %[y d—Anzz.lc(t + 1) -y A“glc(t + 1)]2
Kpposition
ep_%ﬁﬁm(tﬂ kD—Pos'ﬁon
) K -poston

k‘P—Angle
kP~Ang|e

kI—Angie

emge(t)
Eposton()

Fig. 5. Neural network self-tuner

—222—-



By 5= (34 (V)= (0)- S £ (et )G
81 = (¥ e () = y(O) 2 € (et )Gt

e 5=V postion (1) = y(£) 2L £ (et )-Jult)
oky o

du(t)
8y 2=(0 ¢ wgelt)— a(t))g—l‘f(%)-f'(netk,)‘afg]ﬁ?
By 0= (0 4 o= 0 ()-LEAL ¢ (rer, )LL)
By 2=(6 4 e ®— 0D L 1 (et , )L
................................................................................ (14)

Jacobian®] a3, o] gL ZHEE Al
AZYAA F5 & F ok (e A=
7 o digh 289 i 8-S R

5, =—-E_

* anetk

__—3E _3y(¢+1) o) 20k
Toay(t+l)  du(d O(k) 9 net,

................................................................................ (15)
OE _ ___ 9E _ _de1+1)

a y(t+1) de(t+1) ay(¢+1) (16)

[+ 1)—y(t++1D] ~

([

—e(t+1)

OB _ rory = OBI1=OR)] ... (17)

a net,

4. Simulation Zzt & &

2 wpdldE 29 29 2ol AQYY AR
% PDAC7)S A5 e A7lal7] Akl Qura

-AE - o] AE 5

! PID#o]719} 2748 2% PIDA| 7] & Stacking
AU #x9} wire ropecl] WEd Helojdy
ZE dig] g AL3HE W HFH AlE
ol g Fated Aol HvE wu 243
Table 2% stacking Z#|¢] A28 Setele gt
& Ve Sl

3 62 e ¥ e glon,
< A (10 Ze 27|12 AASE. oL v
19, AA] dAZ8 #7188 e A BEad
%9 2714 #E H8&9nk 183, trolleyd

EAYL 2AmlE FE5EA 27] angle 2ldeg]
0.034907[rad] 2.2 HAste AFE A EHA
st
a9 72 4ykH<d PIDAC}7} & AFE simula-
tione] Aot} (a)E Trolley Position[m], (b)&=
Trolley Velocity[m/sec], (c)= Angle[rad], (d)=
Angle Velocity[rad/sec]®] #3& Helm Utk

[

it

o 31)1 Jow

Table 2. Parameters of crane system

Parameters Value
EZY AZFM) 4.2[kg]
Zdloly A& m) 5.6lkg]
27D 0.86[m]
T =(g) 9.8[ m/sec’]

038

HN)

Fig. 6. Response characteristic of disturbance
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