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ABSTRACT 

Gantry crane is a machine that moves payload from one point to another point. 

Nowadays, most of gantry cranes use open loop system to control position while anti

swing control is operated manually by skillful operators. The open loop system is 

sensitive to the parameter variations and disturbances while operator's skills are 

restricted by fatigue problem and will affect the performance of the gantry crane. In 

order to overcome the problems, feedback control is adopted in this study. Firstly, 

classical PID and PD were introduced as position and anti-swing control respectively. 

The experimental result showed that the PID and PD controllers were successfully 

controlled both position and swing of the gantry crane especially for small load 

displacement. However, the positioning performance was degraded due to the 

saturation of the actuator. In addition, the PID controller design is a time consuming 

process, since model and parameters of the gantry crane are needed. Secondly, non

model based of fuzzy logic controllers are implemented in the gantry crane system for 

position and anti-swing control. The experimental result showed that fuzzy logic 

controllers had resulted on good performances for anti-swing controller. However, the 

results for position control were inconsistent for small desired position. The tuning 

process may improve the control performance but it may affect other desired 

positions. Finally, non-model based of NCTF controller, was proposed for position 

control of the gantry crane system while the anti-swing control by using fuzzy logic 

controller remained the same since it gave good performance. The experimental result 

showed that the NCTF controller produced best results for position control of the 

gantry crane system compared to other controllers. 
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CHAPTER! 

INTRODUCTION 

1.1 Background 

Crane is a machine for gripping, lifting and moving loads horizontally, as well 

as lowering and release the gripper back, Omar (2003). These tasks are performed 

with the aid of hoisting mechanism that works as an integral part of the crane. Cranes 

are widely used in industry for transporting heavy loads and hazardous materials in 

shipyards, factories, nuclear installations and high building constructions. In general, 

there are two types of crane namely rotary cranes and gantry cranes. Rotary cranes are 

commonly use in shipyard and construction site. This type of crane involves rotation 

movement during operation. The typical gantry crane is shown in Figure 1.1. 

Figure 1.1: Gantry crane 
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The gantry crane should move loads as fast as possible without causing any 

excessive movement at the final position, thus it can achieve higher productivity. This 

type of crane incorporates a trolIey which moves over the jib (girder) and translates in 

a horizontal plane. In some cases, the jib is mounted on another set of orthogonal 

railings calIed bridge cranes. Furthermore, the payload is attached to the trolIey by a 

cable. The length can be varied by hoisting mechanism. 

Nowadays, most of the current gantry cranes in industry are open loop systems 

which are operated by operators. The operators use joystick to control position in two 

directions of vertical and horizontal. When moving it horizontally, a constant 

acceleration is generated until the maximum velocity is gained. On the other hand, 

moving vertically is only lowering and lifting the cable, therefore the load can be 

removed immediately. The joysticks have analog control, which means that the 

amplitude of the acceleration can be controlled. When the joystick is released the 

trolley decelerates until it stops. Here, the performance of the gantry crane depends on 

the skill of the operators. The company that hired the operators needs to train them 

properly in order for them to work effectively and safely during gantry crane 

operation. 

As mentioned earlier, most of the common gantry cranes are open-loop 

systems that swing when payload is suddenly stopped after a fast motion. The swing 

motion can be reduced and stopped without using the controller. However, it will be 

time consuming and eventually reduce the productivity of the gantry crane system. 

Even though the skillful operators who operate the crane, they still face some 

constraints such as fatigue problem. This phenomenon can cause inconsistent 

performance of the gantry crane systems and might cause accident. 
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Various attempts in controlling gantry cranes system based on open loop 

system were proposed. For example, open loop time optimal strategies were applied 

to the crane by many researchers such as Yamagashi (1974), Sakawa and Shindo 

(1981), Manson (1982), Auernig and Troger, (1987). They came out with poor results 

because open loop strategy is sensitive to the system parameters (e.g. rope length) and 

could not compensate for wind disturbances. Another importance of open loop 

strategy is the input shaping introduced by Karnopp (1992), Teo (1998) and Singhose 

(1997). Even though they claimed that input shaping is good in controlling the open 

loop system but it still faces sensitiveness to the external disturbances and parameter 

variations. 

On the contrary, feedback control is well known to be less sensitive to 

disturbances and parameter variations. Hence, it is an attractive method for crane 

control design. Ridout (1989) developed a controller, which feeds back the trolley 

position, speed and load swing angle. Through this approach, the system damping can 

be changed during the transferring of the load. Many researchers proposed the 

controllers based on feedback system. For example Mita and Kanai (1979) proposed 

optimal control, Boustany and d'Andrea-Novel (1992) introduced adaptive control, 

and Cheng and Chen (1996) have developed linearization techniques. However, in 

general closed-loop control systems, it is designed based on the exact model and 

parameters of the plant. It is known that the mathematical modeling including 

parameters identification is complicated and time consuming due to nonlinearity 

dynamics of gantry crane system. Recent work on gantry crane control system was 

presented by Omar (2003). The author had proposed PD controller for position 

control and three different methods for anti-swing control namely a classical PO 

controller, delayed feedback technique and fuzzy logic controller. All these 
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controllers were designed based on mathematical model of the crane except fuzzy 

logic controller. However, this fuzzy logic controller uses mapping method which 

needs delayed feedback technique before fuzzy logic controller can be designed. This 

strategy was time consuming because fuzzy logic controller could not be implemented 

directly and relied on other controller to fulfill the design. 

The scope of a lab-scale gantry crane system was used in the experimental 

study that only considers the planar movement of trolley with fixed load and length of 

string. The lifting and unloading of load is not considered and the velocity of the 

trolley remains constant. The experimental study was implemented to identify 

parameters of the gantry crane system and to examine performances of the controllers. 

1.2 Objective 

The objective of the study is to investigate the appropriate control method for 

gantry crane system. The controller is expected to have simple structure, easy to 

design and also robust to the parameter uncertainties. 

1.3 Methodology 

In order to achieve the objectives of this research, the following procedures 

are considered: 

1. The research starts with the understanding of the gantry crane background, 

analyzes its problems and investigates control theory which has been applied 

to the gantry crane system. 

ii. A mathematical model of lab-scale gantry crane system is developed. 

lll. Investigate the conventional control method (PID and PD controllers) which 

has been applied to the gantry crane system. 
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IV. Investigate the application of fuzzy logic controller in gantry crane system 

which is designed based on non-mathematical model. 

v. Investigate the application of a nominal characteristic trajectory following 

(NCTF) controller in the gantry crane system which is also based on non

mathematical model. 

VI. Real time implementation of the control algorithm is carried by xPC target 

kernel toolbox in MA TLAB. 

VB. Test the controller performances by experiments and analyze the results. 

1.4 Organization of Thesis 

The thesis is organized as follows: 

1. Chapter 2: This chapter will explain how the gantry crane system was modeled 

mathematically. The mathematical modeling which consists of the model 

derivation and parameters identification was explained. The experimental 

setup is explained in detail as well as lab-scale gantry crane system 

description. Basically the chapter will elaborate more on parameters 

identification approach since the mathematical model is easily to obtain but 

the parameters are unknown. A series of experiments is carried out to identify 

the parameters of the lab-scale gantry crane. Finally, the obtained model and 

parameters of the gantry crane are validated. 

ii. Chapter 3: In order to observe the performances of conventional controller, 

the design of PID and PD controllers for gantry crane system are discussed in 

this chapter. The position of the gantry crane is controlled by PID controller 

while PD controller is for controlling swing angle. Both the PID and PD 

controllers are tuned by nonlinear control design (NCD) blockset of 
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MA TLAB. The NCD blockset is a tool in the MA TLAB that can be used for 

the purpose of tuning and optimizing of controllers including PID and PD 

controllers. The implementation of the PID and PD controllers was also 

described in this chapter. Finally, the robust of the PID and PD controllers 

were examined through simulation. 

HI. Chapter 4: The design and implementation of fuzzy logic controllers for 

gantry crane system are discussed in this chapter. The fuzzy logic controllers 

are applied to both position and anti-swing control of the gantry crane system. 

The performances of the fuzzy logic controllers are analyzed and concluded. 

The robustness of the FLC is examined through simulation 

iv. Chapter 5: Since the fuzzy logic control has inconsistent result for position 

control of gantry crane system, a practical controller which is called nominal 

characteristic trajectory following (NCTF) controller is proposed and 

discussed in this chapter. The NCTF controller is designed based on a simple 

open-loop experiment of the object. The basic concept, design and 

implementation of the NCTF controller are explained in this chapter. The 

performance of the NCTF controller is analyzed and concluded. On the other 

hand, the fuzzy logic controller which has resulted on good performance for 

anti-swing control is still discussed and analyzed as well as the examination of 

its robust performance through simulation. 

v. Chapter 6: This chapter summarizes all the results obtained in the previous 

chapters. New development and improvement are suggested for the future 

study. 
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CHAPTER 2 

MODELING AND PARAMETERS IDENTIFICATION 

2.1 Introduction 

Modeling is a process of capturing the relevant infonnation of the system. A 

model is developed for several reasons such as to solve a problem in short period as 

well as economical, to ease the manipulation of variables of the plant system and 

finally able to test the model if it is the best solution for the particular problem. 

Specifically, plant model is very important for designing a control system. Most of the 

controllers need a model in design process, Belanger (1995). Usual1y, the 

mathematical model is applied to develop a model by applying differential equation 

for the continuous-times system or difference equation for discrete-time system. 

Hence, in this chapter the model of gantry crane system is developed and explained 

mathematically. Moreover, the parameters identification is introduced to obtain 

unknown parameters. A series of experiments are conducted to identify the 

parameters of the lab-scale gantry crane. Final1y, the obtained model and parameters 

of the lab-scale gantry crane is validated. 

2.2 System description 

The lab-scaled of gantry crane system was designed by Suhaimi and Iswanaini 

(2003) and illustrated in Figure 2.1. In general, the designed lab-scale gantry crane 

system has three main parts that are trolley system, body frame, and servo amplifier. 

The trolley system consists of linear bearing, trolley, potentiometers, de motor, gear 

and string/load, while body frame consists of rack and shaft. 
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