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Abstract : While the crane system operate in port, one of main objective is to transport containers to the goal

position as soon as possible. Because this is one of the biggest problem in terms of productivity of port, the

container crane is operated by an expert operator until now. However recently an automatic control system

with high performance is required to improve the performance of the crane system and to make high

productivity. Therefore we developed an optimal controller based on Humoral Immune Algorithm with PID

controller. The proposed system has a real time structure and can improve the performance such as anti-sway

problem. Some computer simulations are implemented to assess the characteristics of the proposed controller.
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x - the fixed coordinate which is trolley position

[m]

X the velocity of trolley[m/sec]
/ : the length of ropelm]
] the velocity of rope winding[m/sec]
S the swing angle of the load in an

arbitrary direction in spacel[deg]
g  the gravitational acceleration[m/sec?]
M : the mass of trolleylkg]
m  the mass of load[kg]
F, ' the driving force toward trolley[N]
F, . the driving force toward hoist[N]
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Table 2 A Simulation data of the crane system

Parameter Values
g 7I5E (9 9.8[m/sec’]
EZY A% W) 4.2[kg]
*NHES] A% (m) 5.61kg]
23] Zoj ( 0.86[m]

4.2 AMgello|d Z1}
4.2.1 AlgeojH |
l%ﬂﬂ old I e FEAAE 4[m]Z k3 27
=748 oF 2[deglE AAdIY 102 Fof #F2H
EF02 A% o] Brtd Aol st 1es}
of Bttt Fig. 72 Sxtol digk 2 A9 oA
2 & yehdit} Case [ Matlabo 2 o] &3] ZN

Wg o) gsld 2Rt 27 BEY £ AR
Bl o 0.3(m] BN QMHESL BATE T &
0]

Featsenirm]
N

[+] [} 10 16 20 26 30
Timelsec]
(a) Case I

Feater{mi
LM

Timeisec]

(b) Case 1

Poattor{m]
N
T
!
|
I
I
I
|
|
I
|
|
|
|
!
1
!
1
|
|
|
|
|
t
|
|
!
|
|
!
|
|
|
|
|

o 5 10 186 20 26 30
Time[sec]

_92_
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Fig. 7 Distance variation of crane
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Table 3 Simulation result(simulation 1)

Case I | Case 1II | Case I
Average position error[m]| 0.3464 | 0.3456 | 0.3281
RMS of position error 103.68 | 103.62 | 98.44
Average control input{fKN]| 3.1531 | 2.8015 | 2.7199
RMS of control input 945.95 | 840.46 | 815.39
Max sway angle[deg] 1.2761 0.54 0.72
RMS of sway angle 151.93 | 150.73 | 150.37
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Table 4 Simulation results(simulation II)

Case I | Case Il | Case Il
Average position error[m]| 0.1635 | 0.1361 | 0.1351
RMS of position error 49.07 40.83 40.83
Average control input{KN]| 2.6921 | 1.9749 | 1.6512
RMS of control input 807.63 | 592.47 | 495.36
Max sway angle[deg] 160.84 | 50.64 | 47.56
RMS of sway angle 151.93 | 150.73 | 150.37
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