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ABSTRACT

In this paper, we develop anti-sway control in proposed techniques for an ATC system. The developed algorithm is
to build the optimal path of container motion and to calculate an anti-collision path for collision avoidance in its
movement to the finial coordinate. Moreover, in order to show the effectiveness in this research, we compared NNP PID
controller to be tuning parameters of controller using NN with 2 DOF PID controller. The experimental results for an
ATC simulator show that the proposed control scheme guarantees performances, trolley position, sway angle, and
settling time in NNP PID controller than other controller. As a result, the application of NNP PID controller is analyzed
to have robustness about disturbance which is wind of fixed pattern in the yard. Accordingly, the proposed algorithm in
this study can be readily used for industrial applications

Key Words : Automated transfer crane (ATC, 2} ©}43#4]), Neural network predictive(NNP, A7 3| 2% o &
71}, Anti-sway control(ZEd A]°}), Collision avoidance path(FE 3|37 Z), NN self-tuner(A1 7 3]
27 A71Ex)

| aAMH (Xps Yim>2y) = the position of the load
I = the length of rope
XYZ = the fixed coordinate system MM, M;=x,y, and | components of the

xryrzr = the trolley coordinate system which .
TYTET 4 4 crane mass and the equivalent masses of the

moves w.ith the trolley . ] rotating parts such as motors and their drive
6 = the swing angle of the load in an arbitrary trains

direction in space
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m = the load mass

g = the gravitational acceleration

V,, = the load speed

D,,D,,
associated with x, y,and / motions

fx,fy,f, = the driving forces for the x, y,and

D, = the viscous damping coefficient

/' motions
xg,ys = start node coordinate value

Xg,Yg = goal node of container coordinate value
X,,y, = standard coordinate value of current node

X,,y, = contiguity node from current node

X,,y, = standard node value
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Fig. 14 Test result of NN angle model

© Input Plant Output
2
5
il
o 0
5 A
-10 2
20 40 0 20 40
0* 1w Error NN Qutput
2
5 1
0
0
Rl &
s 2
0 20 40 [ 20 40
Time[sec} Time(sec]

Fig. 15 Test result of NN angle model

53 Al8Z 3}

ojdel dAPdA, e AGHE NNP PID
AN 45F7E A PID A7 NN
PID A7IE EE# A olFAl o]
224 vigd Aelolye EEY Ui gFE&
248 ol g 2gdP LS S Ase
v BAERT 53] o) 2gAF AHoA,
S35 A¢Hol- NNP PID Aolrlel Axprlt
EZY Yx9 E54E Zo] th3ld Es-tuned PID
AN Bt Z+Zt 91.8%, 58.7%, L2 NN PID
Ao7lnttE 242t 60.1%, 48.3%Y Aol
o] ol A& el

2 =AM 38 AdAdzs, dubdel Pid
Aozl £ AFolA AtE NNP PID A7) &



PEESREES

olgR. oA : FRAYFHRAA A2 AL

o] 3 ZHoY X 2 AFA ZEn Y7
2 Aeol] 3JFHsl ud ARE vm
2435tk 53], WA, 2= Zojgt Y
3% WsE HE3A €L Agol dE F A
Aojzldl g HeEAE 42 Fig 16 # Fig
17 ol A Ep )

Trolley Position[m}

Angle[degree]

e 1 8 s oo uw
Time[sec]

(a) trolley position[m]

Angie[degree]

nTiqmev[jse::] {
(b) angle[degree]
Fig. 16 Response characteristics of PID control

e AFAREN AEE Aoy
32 10(kgld W ATC A=H9 HF FEAE
1.5[m) , 271 ZAEZE 0Oldegree] 22 HA3tA

299 2EANY F390E 4¥E BHolrh,

T E
+E9

F3 ol ZAFAES vard, 7}+¢)
TR E(peak)?] Z$ol NNP PID #9j7]7} PID
Ao)71 2k <F 0.0252[degree] THE9 EEYS ¢
WA AT, EE5Y zbe] H7]= NNP PID A 97]7t
ok 0.0978[degree] 3= AAaHAFA L ¢ F Ut

Fig. 18 & Fig. 19 & X Zo]E wW3}alx
%3 Aeloly 35 Mg AL F9o s
Aoj7lge AT £4& depd Aotk o,
AHg"E AdEo dFe 15kglez2 AT
A 33t

70

Trolley Position[m]

BRI
Time{sec]

(a) trolley position[m]

“Timefsec)
(b) angle[degree]
Fig. 17 Response characteristics of NNP PID control

£
£
£,
hey
=
£
T -
(a) trolley position[m]
= . .
2. o
el
kg
T i
: /\/\/\/\/\/\/\A/V\AN\/\/\/W
Z . Y A

A e AT
Time{sec]

(b) angle[degree]

Fig. 18 Response characteristics of PID control

53] Fig. 19 94, $EE NNP PID A|°|7]¢]
Aizo) T2 Zn EEY ZHy) Av)dA 7EY
PID Aloj718.c}h z}Zb 0.2252[degree], 0.294[degree]
A= FaHAFE ¢ F Yok



A3 o] o] PR

olALE :

F4LTeE A A2 A1E

T

3

2.

£

=1

‘‘‘‘‘‘ T;mc;.[se.c]“ )
(a) trolley positionfm]

] H
T ]
E3 ;
< i

Timefsec]

(b) angle[degree]

Fig. 19 Response characteristics of NNP PID control

upAlgte 2 2o Zolgk ZHolL Y

5%

M AET A3l qE AATIEY YEEA
A7HE Fig. 20 3 Fig 21 o4 2tz ehioj ey,

Teolley Position[m]

Trolley Position|m}

~
\\’/Wire Lope PositionIm]

Trolley Velocitylm/sec]

Time[see]

(a) trolley position[m]

Angle{degree]

Time[sec}

(b) angle[degree]

Fig. 20 Response characteristics of PID control

7

Troltey Position[m)

Trolley Position[m]

Trolley Velocity[m/sac)

D 15 3 45 € 7S 9 1ws 22 15 45 k5 B 193 2 25 M A3 P By B

Time[sec}

(a) trolley position[m]

S E—

T T e e s s s
Tlme[sec]

Angle[degree]

(b) angle[degree]

Fig. 21 Response characteristics of NNP PID control

o]  Adex, Ao dFE  15[kg]
ATC A&HY] HFE BXEXE 1.5[m]E il
27] AFZL Odegree]22 AAIHTE olu
A=A  AHoUE 3IHIHA EEFHE
0.26~0.91[m]7kA] ol FA|ZIHA  WHIAID o,
EEFY EZIZYATA olFdHEA FFAHE
Zrzd Ayt w3 ol A@AAE g
FQ TEEAHES PD Ao7I®f NNP PID
Aol71E v EA3E 47 22 Table | 24
e A Jebd 4 9l

Table 1 Comparison performances between PID control

and NNP PID control
Response characteristics PID NNP PID
Position settling time[sec] 14.95 14.20

Position errorfm] 0.005785 0.004992

Swing angle[degree] 16704 14896
~1.7302 ~1.7248

Amplitude of swing -0.3376 -0.3430
angle[degree] ~0.2994 ~0.2450
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