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1. INTRODUCTION 

 
By increase of world trades, importance of harbors is 

becoming serious, including our country. Most trades of our 
country is achieved through the sea, therefore, importance of 
harbors became more desperately. When move containers in 
harbor, the most important thing is that freight be carried 
safely and rapidly. This becomes important element that 
handle container in harbor. It is important element that handle 
container in harbor. Crane of current harbor is mode if 
transport that use wire rope and it can’t avoid sway of 
container. So it has high degree of freedom on transportation 
as transfer container in the air. This sway phenomenon cause 
delay of work along with correct location of trolley and injury 
of container. In existent crane driving method. Sway of crane 
impose stress at construction when add velocity, therefore it 
cause big collapse.  

When it comes to the way of crane driving, as the velocity 
of the crane is increased, sway occurred during the 
acceleration by the increase of the velocity gives the stress to 
the structure and the building of the crane, which could cause 
the collapse of the crane and bring about the huge accident. 
Also, skilled drivers are required to exactly unload containers 
at the final destination. But in order to raise the skilled drivers, 
a lot of money and time is needed.  

In this study, it is subjected to the development of a 
controller reducing the sway of containers during the jobs. The 
controller is needed to calibrate the sway of containers. 
The other subjection of this paper is to apply an on-the-job 
PID controller having the optimized PID parameters obtained 
from GA (Genetic Algorithm) to the crane system. 
There are lots of proposed forms of PID controller. But the 
important thing is how we suitably select parameters of PID 
controller. As a matter of fact, PID controller in the industry 
field is mostly operated by expert engineers manually through 
trial-and-error method. Thus, in this study, we obtained the 

optimized parameters of PID controller disaffected against 
noise not from the trial-and-error method but from the GA, 
and applied those parameters to the real system. The tools for 
the experiment are Matlab 6.0, Simulink, and a pendulum 
similar to a real container. 
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2. MATHEMATICAL MODELING 

 
The mathematical model for an anti-sway crane operation is 
shown as Fig.1. 

 

 
Fig.1 Crane Construction for Mathematical Modeling. 

 
The equations of motion by Newton’s law can be described 

as follows about trolley part(x). 
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The equations of motion by Newton’s law can be described 
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as follows about hoist part(y). 
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we put Eq.(3) in Eq.(5). Then, 
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where, Eq.(17), (18) can be represented as State equation. 
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For linear equation, we put θθθθ ≈≈= sin,1cos,0  in 

Eq.(6),(7). Then Eq.(6),(7) can be reconstructed as 
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DC motor in voltage is same force of Trolley. Therefore, 
Equation can be described as follows: 

3. PID PARAMETER APPLICATION 
 

 The System diagram is shown as Fig.2. 
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Eq.(12) is motor and speed of cart. 
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Fig.2 System Block Diagram. 
 

Control response change many kind of type and shape 
in terms of PID parameter value. So it decides the PID 
parameter value to satisfy the standards of valuation in 
concern with control system. It is called the optimum 
setting. This optimum setting method is proposing many 
kind of method, but we make use of limited sensitivity’s 
law belong the method that get from closed loop 
characteristic in this research. 

 
Eq.(14) is Torque and force in motor. 
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 This is the method proposed in terms of Ziegler-Nichols’s 

law which PID controller works only P control and during 
proportional gain become to bigger slowly, it measure 
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vibration cycle (limited cycle Pu) and proportional gain that 
continue vibration of amplitude cycle.  

There is the GA flowchart having a basic structure in Fig3. 
In that figure, if a gene is a design variable and an evaluation 
is an object function, the G.A, first, creates design variables 
(genes), a numbers of possible n roots, inputs them to the 
object function, and then, evaluates a genetic inclination of the 
present genes. 

We got optimized value of PID parameter to utilize the 
measured value in Taple.1.  

If we use this PID parameter value, it has dynamic braking 
of 25% about changing of goal value or disturbance changing. 
The real case, we adjusted minutely to adapt standards of 
valuation in measurement error of limited cycle, limited 
proportional gain and correspondence control system. 

After evaluating the genetic inclination, check out if those 
genes are satisfied with end-condition. If those genes are not 
satisfied, choose a number of m(n>m) genes, a better genetic 
inclination of genes, among a number of n genes. First, extract 
genetic parameters from two genes in the chosen genes. Next, 
create a new gene through the crossover operation. Then, after 
transforming one or some of genetic parameter in a gene, 
create a new different gene through the mutation operation. So 
far, a number of all n genes have been transformed into a 
number of new n genes and the first generation has been 
evoluted. Repeat these steps until satisfying the optimum. As 
the generation is increasing, genes, design variables, have a 
better genetic inclination. Among those, a gene having the 
most superior genetic inclination can be a design variable 
allowing the object function to be the maximum or the 
minimum. 

 
Table 1. Value of PID Parameter about Ziegler-Nichols’s law 

Control mode Kp Ti Td 
P 0.5Kpu ∞  0 
PI 0.45Kpu 0.8Pu 0 

PID 0.59Kpu 0.5Pu 0.125Pu 
 
 

4.GENETIC ALGORITHM  
  

Since the GA is not dependent on the initial point unlike 
deterministic methods using sensitivity information for the 
optimization, it has much possibility to obtain the global 
optimum than the deterministic methods. Also, it has merit to 
easily and quickly apply to a restraint conditions problem, an 
object function having the existence of the sensitivity problem, 
or discrete design variables. 

 

But it takes much time to converge the roots, and there can 
be a case to describe genetic expression of design variables. 
Also, it is unmanageable in the case of restraints conditions.  

The GA, searching and the optimization methods, defines 
possible roots of a given problem in fixed data structure, and 
then, transforms that step by step through genetic operations 
and drives out the optimized roots. The GA does not 
implement GA parameters themselves but does a set of 
parameter, and it does not use a single root but does a set of 
root in searching domain. In addition, since it goes with rules 
of probability, it can obtain the reliable global optimum in the 
optimization problem. The GA is externally thought as the 
deterministic method, but based on that method, it finds the 
optimized point out through another trustful information 
processing. Recent many searching algorithms do not find the 
optimized root at once but approach the optimized root 
thorough iteration.  

Fig.3 GA flowchart having a basic structure. 
 

5.SIMULATION AND EXPERIMENTS Likewise, the GA iterates searching until reaching at an 
appropriate point. A numeral for the GA is basically a real 
number but a binary string internally.  

 
In the experiment, we applied the optimum minimizing the 

error-rate of a controlled system by a PID controller to the 
system of mathematical modeling in chapter 2. The 
optimization drives out the design variable maximizing or 
minimizing an object value under given conditions. The 
parameters of PID controller, design variables minimizing the 
system error-rate, are decided by a numerical index of an 
object function in the G.A. 

The GA decodes a variable in a binary string into a real 
number. Each transformed bit is regarded as a chromosome, 
and a gene is consisted of chromosomes, which is called an 
individual. This individual means a node to search.  

To simultaneously search several nodes, several individuals, 
a group, should be used at the same time. A number of 
chromosomes in an individual and a size of a group get to be 
selected as much as needed accuracy. The GA collects 
individuals in this way, constructs a group, and obtains the 
optimized roots through evolution. 

There are an integral value of error’s square, an integral 
value of error’s square multiply by time, an integral value of 
error’s absolute, and an integral value of error’s absolute 
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multiply by time, and we used an integral value of error’s 
square. 

 

First, compute schematic parameters by Ziegler-nichols 
method about a crane. And extract the parameters with the 
trial-and-error method, but in this study, we can obtain the 
parameters minimizing the error-rate by the GA. 
In here, those schematic parameters are Kp=4, Ki=1, Td=0.828 
by the Ziegler-nichols. With computed PID parameters, an 
optional limitation is set to 1<=Kp<=3, 1<=Ki<=15, 
0<=Td<=8. We performed not the trial-and-error method but 
the G.A optimization method for these parameters to minimize 
the error-rate about the plant.  

Fig.6 System response of Sway. 
 

Fig.4 stands for the optimum extracted from each 
generation. The optimized design variables are Kp=3.9, 
Ki=1.4, Td=0.0134 by the GA, which are shown in Fig 5 and 
Fig 6. As you see from those figures, there is fast response 
without overshooting, and there is the sway at the first 
departure, but the angle of the sway is very little. In addition 
to that, we can see the sway is gradually being converged. 

We configured experimentation devices with the optimized 
PID values by the GA and experimented.  

The experimentation was performed in a couple of stages. 
In Fig. 7, there is PID controller applied with PID parameters 
by the GA. Let the trolley travel to 30Cm and it took around 6 
seconds to get to the destination. During the trolley’s traveling, 
we can see the sway of the hoister was not over -0.02[rad]. 
When the trolley stopped at the destination, there is a little 
vibration. But that vibration comes from the experiment 
system and it is so delicate that it can’t affect the result. When 
it comes to settling time of the hoister, it was a little delayed 
because of disregard of system’s friction. If we considered the 
friction, it would be faster for the hoister to settle.  

 

 

 
 

 
Fig.4 Optimum solution of each generation. 

 

 

 
Fig.7 Result of PID controller experimentation. Fig .5 System response of Position. 

 
Fig.8 shows the state when 15.40g was added to the weight 

of a container as disturbance. From the result, we can see the 
sway was slightly reduced and the steady-state time was 
almost unchangeable without adding the weight. 
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Fig.8 In case of Disturbance(15.40g) addition. 

From Fig.9, we can figure out when 38.50g was added to 
the weight of a container, the angle of the sway was reduced, 
but the arriving time did not satisfy wanted time. However, the 
quality factor of the controller is satisfactory since the range of 
unreached distance to the destination was less than 5%. 

 
 
 
 

 
 

 
Fig.9 In case of Disturbance(38.50g) addition 

 
 

6.CONCLUSIONS 
 

For a remote operation of industrial Equipments capability, 
we utilized optimum minimizing the error-rate of a controlled 
system by a PID controller to the system.  
The parameters of PID controller, design variables minimizing 
the system error-rate, are decided by a numerical index of an 
object function in the GA 
We are Known that optimum PID parameter is decided as GA. 

The result of experiment is show that sway reduce by 
optimum parameter. 
Next, we got an automated operation algorithm and applied it 
to the experimental crane. 
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