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ABSTRACT 

Overhead cranes are widely used in industry factories for transporting a heavy loads, 

hazardous materials and building construction. The goal of the controlling is that to 

transfer a payload from one place to another place as fast as possible and without any 

causing swing angle while transferring a payload. However, ability to successfully 

move a payload without any causing swing angle by using an overhead crane is highly 

requirement of control system. On top of that depends on the operator operating skill 

where a simple mistake can be a serious accident, injury and fatality to the 

workers/operators and equipment’s. This thesis aimed to find an appropriate control 

algorithm strategies to manipulate the overhead crane automatically. For instance, 

control the position of a cart travel along the horizontal axis within 1m long and 

vibration of a payload. Propose of this study will be focus on two different things. 

Firstly, will be implement a real physical model of an overhead crane in the ISE lab. 

The secondly, will be focus on control system and design PD, PID and LQR controllers 

in order to control cart position and vibration of load swing angle. In addition, of this 

study is to find out how the control system prevent the hazards for people and 

equipment’s in and around of the workspace area. Moreover, to this thesis is to come up 

with the control system in order to automate overhead crane model system to achieve 

the operating goals. The controller will be apply two classical loops PD, PID and LQR 

controllers. Then, simplified and derived the dynamic mathematical model of an 

overhead crane. Simulation and actual physical modelling has been designed and 

develop program in Matlab Simulink software. Finally, will be compare results between 

simulation and real physical experiment.  

Keywords: Overhead crane, Automatic crane, Intelligent crane, Position control, 

Vibration control, Anti swing trajectory control.  
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CHAPTER 1 

INTRODUCTION 

1.1 Cranes overview 

Nowadays, many industry factories used an overhead crane increasing rapidly because 

many people thinks that using an overhead crane is safer, faster and easier. When they 

transfer a heavy loads from one place to another place. An overhead crane is a machine 

or device used to transfer, lifting, and lowering a payload. The overhead crane is limited 

in tow movements which are horizontal movement and vertical movement. In the other 

word overhead crane can just only moved between two directions in such the way X and 

Y axis. However, for this research study will be considering only one direction which is 

X-axis of an overhead crane. For instance, in the industry factories, many lifting cycles 

that has been performed.  

In addition to this, during transferring a payload the controller have to take an account 

in order to reduce a swing angle. In practical mode overhead crane operators have to lift 

a weight and move the crane from initial position to the desire position. Then operators 

have to wait until swing angle become disappears so that they can load the weight into 

the target position which waste the time. Usually, the swing angle motion of the 

machine is nonlinear system in this case because of many reasons. The main effect and 

producing nonlinear dissipation in physical mechanism is that moving components, 

dynamic motions and moment inertia forces. These problems can be resulting directly to 

the machine behavior and unsuitable for the practical purposes. Other than that there 

will be a serious problem in such the way that accidents, injuries, and fatalities. Also 

resulting to in direct lost performance and waste the time interim of the industry factory.  

Most of the cranes are being controlling manually will be caused a damage to material 

and people that has been handled. Normally, crane operated by the crane operator and 

used remote or joystick control in order to move the payload to final position in 

horizontal direction without any overshooting when the cart position arrives at the 

desire point. So that we need a well-qualified crane operator and who has a rich 

experience in or der to operate the crane to reduce a big problem. When accidents 

happened are often cause by human error or careless. However, the crane operator can 

be better done by automatically operating system which can be reduce the possibilities 

that may harm to operators and equipment’s. Controlling swing angle is interesting and 

challenging experience in specific application. Regarding to these problems many 

researchers have tried to effort and address the best solutions. The best idea to solution 

with this problem is to design and develop new control algorithm in order to control the 

crane autonomously.   

Overhead cranes are widely used in industry factories for transferring a heavy loads, 

hazardous materials, building construction, and harbors etc. The purpose of controlling 

is to be transferring a payload from one position to the other position as fast as possible 

and without any causing swing angle. However, a large structure of overhead cranes 

which running at high speed associated with undesirable of load swing motion from the 

crane dynamic system. 



2 

 

Each time a crane starts to move or breaks immediately that resulting to a load swing at 

initial and final position. A failure of controlling also resulting to payload swinging. The 

payload oscillation dose not only harm to the people and equipment damages. It’s also 

cause to the production lost and waste the time when the accident happened. However, 

the payload oscillation can be stopped by using an appropriate controller in many 

reasons. Many researchers have been involved in various controllers for an overhead 

crane application such as classic loop PID, LQR and so on. There are some other 

technic that has done by using an output delay feedback feed forward and trajectory 

techniques. Moreover to this is using fuzzy tune PID controller in order to adapt all the 

parameter gains when the weight and rope length change.  

1.2 Definition of an overhead crane 

According to definition of an overhead crane, crane is a machine or device used to help 

humans transfer a heavy loads from initial pick up point to another desires point. An 

overhead crane consist crane structure, moveable cabin, fix hoisting mechanism. Crane 

can be moved in two directions which are long travel and cross travel along the 

runways. For the hook also can move up and down in vertical axis. So that it can 

transfer a load it also can load and unload an object.  

There are many types of cranes has been proposed and released in the real world for the 

user it depends on their application. However, the most famous for the industry cranes 

are the following: overhead crane, gantry crane and rotary crane. 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Industry overhead and gantry crane 
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Figure 1.2 Industry rotary crane 

Without those three types just mentioned above there also have many types of crane that 

has been proposed in the worldwide as following: automatic crane, cantilever overhead 

crane, jib crane, cab-operated crane, mobile crane, power-operated crane, floor-operated 

crane, remote-operated crane, semi gantry crane, pulpit-operated crane, wall-mounted 

crane and wall-mounted jib crane.  

1.3 Statement of the problems 

Although an overhead crane is great tool to help the people to transfer a heavy loads, 

hazardous materials, and building construction etc. However, there have some serious 

drawbacks while operating the crane is the most important factor because a failure of 

controlling can be lead to an accident, injury as well as fatality. In addition to this, 

human error or careless also danger. To successfully transfer a payload by fulfilling 

control swing motion of the payload using an overhead crane. It is not an easy task 

especially when each time a crane starts to move or break immediately. This triggers a 

payload oscillation and difficult to control the cart position. Moreover, to this, the 

payload swing motion not only harms to the workers/operators and equipment’s it also 

causes to the production lost and waste of the time when accident happened. 

In order to overcome to the above problems, this research study introduces a proper 

control strategies or algorithms to manipulate of tow outputs. Firstly, control the swing 

angle of an overhead crane by using magnetic sensor to measure the angle and send the 

feedback to the PID and LQR controller. Secondly, control the position of trolley/cart of 

an overhead crane. The performance of this study will simulate in Matlab Simulink and 

compare to the real physical experiment results.  

 

 



4 

 

1.4 Objectives 

The main objectives of this research study is to control a vibration of the suspend load 

and position of the cart. 

The sub objective can be divided as a following: 

 To understand a basic of industry overhead crane base on  non-linear dynamic 

system 

 To study control system in order to design an appropriate PD, PID and LQR 

controllers for an overhead crane  

 To control vibration of a load swing angle, and position of the trolley while 

crane traveling from initial pick up to the desire position  

 To simulation the model in Matlab Simulink software and compare with a real 

physical model experiment  

 To study how to use the Matlab Simulink software in order to programing it.   

1.5 Scopes of work 

The scope of works for this research study can be divided as a following: 

 Build a areal physical model of overhead crane with following dimensions: 

250Cm long, 10Cm width and 250Cm high 

 Mathematical dynamic and state space model of an overhead crane will be 

analyze  

 Design and develop control algorithm of PID & LQR based on trajectory part 

planning techniques. 

 Matlab Simulink simulation and real physical experiment Model will be 

obtained to observe two outputs positions of the trolley, and vibration of load 

sway angle. 

 Using Microcontroller STM32-F4 discovery and program it in Matlab Simulink  

 Two loops PD,PID and LQR controllers tuning loops for vibration and position  

1.6 Limitations 

There will be several of limitations for this study, because of the time constraint in 

complete. 

 Overhead crane determine only one direction which is  (X-axis)  

 The weight of the payload will be fixed at 30 Kg 

 the rope length is constant at 1.9m long 

 The maximum speed is 0.3 m/Sec will be obtained in this study 

 The frictionless between the bar and cart will be considering  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Modeling of an overhead crane 

To sum up all of the pervious works are related with my thesis work, one thing should 

not be forgot is a crane physical model itself. There are many type of the cranes that has 

been involved for the education research topics. However, the most common choose are 

that overhead crane, gantry crane and rotary crane respectively. The other thing is that 

designed and developed control algorithm in order to appropriate and suitable for the 

focus area of the problem. It mean that the controller depending on their application also 

they have come with their idea to suggested where a lot of consideration and factors that 

has been taken on their models. 

One of the pervious studied has been proposed by Wu and members [1], regarding on 

dynamic response of gantry crane. They controlled both position of a trolley and anti-

sway the suspend load. Their physical model has been implemented and dynamic 

mathematical model also proved and verified it. The purpose of their work is that to 

simulate the moving load and control the load oscillation by using element finite 

techniques.  

In addition to the pervious studied here is another researcher Oguamanam, Heppler and 

Hansen [2]. Proposed that dynamic response of a beam according to an accelerating 

moving mass. This work also focus on model simulation and the mathematical has been 

obtain and verified by using finite element techniques. To consider the moving mass on 

the beam and oscillation of the payload.  

Ho Hoon Lee pervious work [3] has been done and proposed the topic about “new 

approach for the anti-swing control of an overhead crane with high speed load 

hoisting”. The purposed of this work is to simulate the model in the computer 

simulation. Their control consist of a feed forward control, and a nonlinear classical PID 

control in order to control the position of the hoisting during high speed and vibration of 

the load swing. Other than that they designed and developed new anti-swing of an 

overhead crane by using trajectory techniques and based on Lyapunov stability theorem.   

2.2 Control of an overhead crane 

Oliver Swody [4], proposed the topic about “an auto mate gantry crane as a large 

workspace robot”. This research focus on two dimensions which are (X and Y) 

dimension and also focus on the control strategies of gantry crane. The main idea is to 

control the gantry crane autonomously, by using trajectory based on decentralized 

concept. The control algorithm they also used point to control and feed forward control 

in order to manipulate a cart position, oscillation and hoist position of gantry crane. In 

this research they used the Newton’s equation law to derive dynamic response.   
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Fang and his members [5], suggested that topic “nonlinear coupling control laws for a 

3D of freedom overhead crane”. The work focus on area of the simulation and control 

law for 3D of freedom of an overhead crane. Interim of the control algorithm used 

classical PD for the position and coupling with load swing angle. They used gantry 

crane as their model and used Lypunov based on stability analysis along with LaSelle’s 

invariance theorem. The results of this work were satisfactory and their also reached to 

their scope and objective.  

J.K.Pieper and B.W.Surgenor [6] involved topic “discrete time sliding mode control 

applied a gantry crane”. This paper studied about simulation and designed and 

developed control algorithm. So they used gantry crane as their model and they used 

pneumatic in order to control the solenoid of an actuator. Controller used LQ standard 

and optimal sliding surface depend on designing method.  

This research has been analyzed by Aoustin and Formal’sky [7]. They topic mentioned 

about “simple anti-swing feedback control for gantry crane”. The main focus for this 

work is that real physical model implementation and designed and developed control 

law for gantry crane. Gantry crane 3D of freedom has been choose for their model in 

order to control the position and load swing. The control law consist of two parts, first, 

part is command feed forward force and the second part is that trajectory by coupling 

with time optimal to control mass center. This approach has been designed and 

developed depending on the time optimal techniques. Their purpose is to control the 

distance of the trolley and also control the vibration of the payload by using feed 

forward control force and reference trajectory based on designed and technic.   

This can be seen from the previous research that has been done by Williaam Singhose, 

Lisa Porter, Michael Kenison and Eric Kriikku [8]. Developing control algorithm is 

important job for the research work. However, the real physical model also cannot be 

denied. The objective of this paper to investigated of dynamic behavior of gantry crane 

and varying the hoisting-up and hoist-down positions. Their mathematical and real 

physical system has been obtained and verified. For reduction of oscillation they used 

input sharping techniques. In addition to this they also used feed forward controller.  

This method has been proposed by Teo and members [9].  They topic talk about “pulse 

input sequences for residual vibration reduction”. The overhead crane has been used as 

their model and considered the trolley position and the residual vibration of the load 

swing. Where input sequences pulse has been designed and developed for the purpose 

such simulation and actual experiment. They used the acceleration and the velocity 

profile in order to design input sharping such as input sequences pulse as the figure 

shown below. 
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Figure 2.1 Acceleration and the speed profile 

It is a model predictive control of gantry crane, this paper proposed by Steven W. Su, 

Hung Nguyen and his members [10]. The main purpose of this paper is to investigate a 

static input, nonlinearity input and dead zone input as the figure shown below. For the 

dead zone was depended on the voltage input is generate to the system. The control 

algorithms purpose designed and developed model predictive controller to encounter 

with horizontal cart position and the suspension load oscillation. The dynamic model 

has been derived by using Lagrangian approach.  

 

Figure 2.2 Dead zone and estimate nonlinearity  
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2.2.1 Motion control 

Motion controls are commonly used for the crane and pendulum application, to deal 

with the position and angular displacement. There are many cases that motion control 

has been involved in the world wide depend on their application. The motion control is 

an important part for the robotics. For example, CNC machine, packaging machine and 

printing machine. Basically, the motion controller to control the input set points then the 

desire output will translate to the motion profile.    

2.2.2 Speed control 

Speed control is well known in many different application as varying speeds or torques. 

The speed control can be separate in two parts such as autonomously and remote 

control. For instance, for the autonomous application are commonly used electro 

bicycles, electric, electric aircrafts and etc. For the remote control applications are the 

following, quad copters, toys cranes and so on. The control either an electric, hydraulic 

or pneumatic. The speed can be controlled either mechanical dynamic or electric motor 

of the application. 

2.2.3 Point to point motion control 

Generally, the point to point control is refers to applications where something must 

move from one point to another point at a constant speed. The point to point control is 

including the motion and the seed control. The most important is that controller can be 

designed on hardwires, electronic logics, and electrical circuits. Normally, just designed 

and developed control algorithm in order to move somethings from one place to the 

other place by controlling the motor or actuator. DC motor, stepping motor and 

pneumatic actuator are particularly well suit for the point to point control. So we are 

common seen in the industrial factory pick and place application.  

2.2.4 Incremental motion control 

In case of the incremental control is similar to a point to point control. It control the 

moving commanded distance and position of the physical model. Some applications 

simply send commanding to the motor in order to move the cart distance from one 

position to the other position. So that the closed loop control is commonly to solution 

this drawbacks. The feedback minimizes the difference between the command position 

and velocity of the system as well as the actual location of the application.  

 

 

 

 

 



9 

 

2.3 State space control algorithm 

In control engineer a state space model is mathematical model of a physical overhead 

crane. Since, the dynamic system has been derived the state space model must be 

obtain. In the form of the state space representation to consider all the A, B, C and 

matrixes. Normally, the state space used mathematical deferential equation for derived 

dynamic motion of an overhead crane. The state space consists of a set of inputs, output, 

and state variable. Mathematical of the state space derive by using first order 

differential equation as the below formula. 

�̇� = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡)    

𝑌 = 𝐶𝑥(𝑡) + 𝐷𝑢(𝑡)     

Where:  

X  - State vector  

A  - State matrix  

B  - Input matrix   

U  - Input vector  

Y  - Output vector  

C  - Output matrix   

D  - Feed-forward matrix  

�̇�  - First derivative of the state vector   

Matrices: A, B, C, and D as the following:   

Matrix A is a state space system in the form of state space representation. It relate how 

to the current state affect when the state changed. In case of the state change doesn’t 

depend on current state and makes matrix A come to zero. Matrix A dimension is in the 

form of pxp. 

Matrix B is for determines how the system input affect to the state changed and called a 

control matrix. If the state change doesn’t depend on the system input. So the matrix B 

will be come to zero. Matrix B dimension is in the form of pxq. 

Matrix C is to consider the relationship between the system and system outputs and 

called output matrix. Matrix C dimension is in the form of rxq. 

Matrix D is for determines and allow how the system input affecting to the system 

output directly and called feed forward matrix. Actually, the feedback system doesn’t 

have a feed forward element. Therefore, the system of the matrix D is called a zero 

matrix. Matrix D dimension is in the form of rxq. 
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2.4 LQR control algorithm 

The state space modeling will be used in this research to design LQR controller. First of 

all considered the cost function J for minimizing cost function values as small as 

possible. Coast function J is a scalar. 

𝐽 =  
1

2
(𝑋𝑓

𝑇𝑆𝑓𝑋𝑓) +
1

2
∫ (𝑋𝑇𝑄𝑋 + 𝑈𝑇𝑅𝑈)

𝑡𝑓

𝑡0

𝑑𝑡 

           𝑆𝑓 , Q ≥ 0, Positive semi finite function 

           𝑅 > 0, Positive definite function 

Control law for the LQR controller. 

𝑢 = −𝐾𝑥  

Where K is given by 

𝐾 = 𝑅−1𝐵𝑇𝑃 

Solving riccati equation to find out P value. 

             𝑃𝐴 + 𝐴𝑇𝑃 − 𝑃𝐵𝑅−1𝐵𝑇𝑃 + 𝑄 = 0 

Open loop LQR controller, it’s in clouding input, output and all matrixes A, B, C and 

LQR feedback gain.   

 

Figure 2.3 LQR controller block diagram 
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2.5 PID control algorithm  

In control system PID controller is a control loo feedback mechanism. The classical PID 

controller Stands for “proportional, integral, and derivative Control”. PID commonly 

used in industry factories because easy to understand and implementation. Basically 

PID is measure the error between the difference set points and process variable. Then 

the controller attempt to minimize the error to give a desire output. The PID formula 

shown as below, there add three terms together in order to calculate the total gain.    

𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒
𝑡

0

(𝜏)𝑑𝑟 + 𝐾𝑑

𝑑

𝑑𝑡
𝑒(𝑡) 

Where:   

𝑢(𝑡) - Input control signal 

𝐾𝑝 - Proportional gain, a tuning parameter 

𝐾𝑖 - Integral gain, a tuning parameter 

𝐾𝑑 - Derivative gain, a tuning parameter 

e(t) - Error 

t - Instantaneous time 

𝜏 - Variable of the integration; takes on variables to time 0 time present t  

PID close loop controller in cloud that input set point, error measurement, 𝐾𝑝 , 𝐾𝑖, 

and 𝐾𝑑  gains, with a feedback signal, and motor.   

 

Figure 2.4 PID controller block diagram 

 P gain represent to the error present values. 

 I gain represent to the error past values 

 D gain represent to possible error future values 
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CHAPTER 3 

METHODOLOGY 

3.1 Methodology flow chart 

 

Figure 3.1 Methodology flow chart  
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3.2 Mechanical model in Solidwork  

To make sure that the developed of control algorithm is appropriate with the focused 

problems. One thing that cannot be denied that the model overhead crane itself. Fig 

(3.2) below illustrated all parts of an overhead carne that has been designed in 

Solidwork software. 

 

Figure 3.2 Parts design in SolidWork 

After all the parts has been designed, and assembly all the parts to gather as the figure 

3.3 shown below. 

 

Figure 3.3 Assembly design in SolidWork  
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Model Solidwork of an overhead crane consists of a cart hanging with payload which 

can be moved back and forth along I beam in 1 meter. The model overhead crane 

dimensions as the following: 2.50m long, 0.1m width and 2.50m high respectively. The 

cart has a motor shaft, driven pulley and attached with timing belt. The movement of the 

cart caused by pulling the timing belt in two directions by the DC motor. There have 

two measurement sensors that mounted on the trolley using absolute motion magnetic 

sensors. First sensor is measure the position of the cart on the rail. The second sensor is 

measure the swing angle of the payload.  

 

Figure 3.4 Model overhead crane in SolidWork  

3.3 Physical model implementation 

Implementing a real physical model overhead crane is more important thing. First, 

prepare all the tools and equipment’s used before doing a machining. Then, assembly all 

the parts together as the pictures shown below.  

 

Figure 3.5 Physical model overhead crane  
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3.4 Electrical and electronic hardware configurations 

All hardware components contain the electrical and electronic circuit diagram of an 

overhead crane. In other words called sub models of the system. The system consist of a 

DC motor, two motion magnetic sensors, a motor driver, a microcontroller, a signal 

control board, a computer, a USB communication board and a power supply.  

  

Figure 3.6 Electrical and electronic hardware  
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3.4.1 DC motor specification  

In this research a DC motor is used to drive the cart wheels from one point to the other 

point along the overhead crane bridge.  

The main features of the DC motor are given below. 

Table 3.1 DC motor parameters  

 

The main features of the DC motor driver are given below.  

1. Output:  Single motor driver  

 Motor DC Supply 12-24 V    40A (Max.)      

 Full-Complementary Power MOSFET Driver With ultra-fast  

 Reverse recovery protection diodes  

2. Input:  

 Full Opto-isolated  input  interface signals  

 5V 8 mA TTL - Level   

3. Drive Mode: independently with:  

 ON – OFF Control  

 Direction Control  

 Speed Control (PWM Drives)  

4. PWM Frequency:  400 Hz - 1000 Hz   (800 Hz Recommend) 
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3.4.2 Serial communication features  

The main features of the serial communication U2S_Host V2 board are given below.  

 Power supply 3.3V or 5V from host board 

 Maximum current 1A 

 Driver FT232RL 

 UART transmit (Tx) and UART receive (Rx) via USB port 

3.4.3 Micro controller features 

The main features of the microcontroller (STM32F4DISCOVERY) board are given 

below.  

 STM32F4 main board 

 ST-link/V2 onboard with switch selection mode 

 DAC integrated class D speaker drive and CS43L22 audio 

 LIS302DL or LIS3DSH, and ST-MEMS motion sensor 

 USB external power supply 3V and 5V 

 32 bit ARM cortex M4F, and 8MHz external crystal oscillator 

 Flash memory 1MB, and 192KB of the RAM 

 MP45DT02, ST-MEMS audio sensor 

3.4.4 Magnetic motion sensors features  

The main features of the magnetic sensors (AS5047P) are given below.  

 14 bit on Axis magnetic rotary, position sensor 

 12 bit decimal and binary incremental pulse counter  

 28krpm high speed capability and measurement over a full 360 degree range 

 A standard 4 wires SPI serial interface to read 14 bit absolute angle and position 

 ABI signals with a maximum resolution of 4000 steps /1000 pulses per 

revolution 

 4096 steps/1024 pulses per revolution in binary mode 

 Standard UVW communication interface  

 PWM encoder output signal  

3.4.5 DC power supply features  

 - The main features of the DC power supply are given below.  

 - AC input range selectable by switch 

 - Protections: Short circuit / Overload / Over voltage 

 - Forced air cooling by built-in DC fan 

 - PWM control and regulated 

 - Built-in cooling Fan ON-OFF control 

 - 100% full load burn-in test 

 - Fixed switching frequency at 25 KHz 
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3.5 Mathematical model of an overhead crane  

3.5.1 Introduction 

Before designing and developing control algorithm of an overhead crane the most 

important is that to prove mathematical model. Many researchers used their model as 

characteristic pendulum in order to derive dynamic equations. A lot of researcher’s 

consideration and factors have been taken into account while developing mathematical 

methods that can be represent to a real world system. The mathematical modeling 

depending on their application and can be done by using a various strategies. For 

instance, some of the researchers were done by using dynamic feedback and some of 

them were done by using linearization technique and etc. Thus, linearization has to be 

involve in order to eliminate a nonlinear variable for the physical dynamic system.   

As far as the mathematical model concerns there are two mainly different methods can 

be used in derive motion equation of the dynamic mechanical systems. One of them is 

Lagrangian’s method, in this method is look more difficult than the Newton’s law. In 

order to derive by using the Lagragian equation you have generalized coordinate from 

the system. The form as the following: q1, q2, q3…qn corresponds to the degree of 

freedom of the model system. Normally, generalized coordinates are represent to linear 

dis placement. It means that the system is capable of performing n degree of 

unconstrained motion with respect to the reference frame. 

Many researcher used Newton’s law to derive their mathematical model. In other words 

called differential equation of the Newton second law. The principle of the law is the 

rate of change of the momentum is proportional to the impressed force and take place to 

the straight line where the force acts. If the crane mass is constant so the rate of change 

of the momentum is equal to the mass time.   

Free body diagram must be involved when considering a dynamic mathematical model. 

According to the free body diagram variable used as the following: cart displacement 

called𝑋1, input force denote by 𝑓, the force along the longitude of the tension rope 

denote by F, the mass of the cart called 𝑚𝐶, the mass of the payload denote by 𝑚𝐿, the 

cable length denote by 𝑙 and the swing angle denote by θ. 
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Figure 3.7 Free body diagram of an overhead crane 

According to the kinematic characteristic, it mean that the impress force on the cart 

mass is in equilibrium with the inertia force as the formula shown below. Therefore, 

dynamic problems can be reduction to equivalent of static. 

𝑚�̈� = ∑(𝑓𝑜𝑟𝑐𝑒𝑠)𝑥                   (3.1) 

In this paper will be consider only the dynamic part because the system doesn’t have 

moment inertia so the static part doesn’t exist. 

The equation (3.1), it can be rewrite as below equation. 

∑(𝑓𝑜𝑟𝑐𝑒𝑠)𝑥 −  𝑚�̈� = 0                   (3.2) 

From the free body diagram in figure 3.7 above me can now considering the dynamic 

mathematical model. To derive the motion equation I used the Newton’s differential 

method in order to analyze dynamic.  

i. Cart horizontal  

𝑚𝐶  
𝑑2𝑥1

𝑑𝑡2  =  𝑓 + 𝐹 𝑠𝑖𝑛 𝜃                  (3.3) 

ii. Cart vertical or  

𝐹 𝑐𝑜𝑠 𝜃 + 𝑚𝐶𝑔 = 0                  (3.4) 

iii. Load horizontal  

𝑚𝐿
𝑑2(𝑥1 + 𝑙 sin𝜃)

𝑑𝑡2 = −𝐹 sin 𝜃                    (3.5) 

iv. Load vertical  

𝑚𝐿   
𝑑2(𝑙𝑐𝑜𝑠𝜃)

𝑑𝑡2  = − 𝐹 cos 𝜃 + 𝑚𝐿𝑔                 (3.6) 
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The linearization is very important to nonlinear in control system. It is easier if the 

model is linear equation. The model can be linearized as following constraints. It mean 

that the following condition will satisfy the aim of model linearized 

cos 𝜃 ≈ 1; 𝑠𝑖𝑛𝜃 ≈ 0                  (3.7) 

From equations (3.3) 

𝑚𝐶  �̈�1  =  𝑓 + 𝐹𝜃                  (3.8) 

From equations (3.5)  

𝑚𝐿(�̈�1 + 𝑙�̈�) =  −𝐹𝜃                  (3.9) 

From equations (3.6)  

𝐹 = 𝑚𝐿𝑔                 (3.10) 

Combine equation (3.3) with (3.6) 

�̈�1 =
𝑚𝐿𝑔𝜃

𝑚𝐶
+

𝑓

𝑚𝐶
                                        (3.11) 

Combine equation (3.9) with (3.10) and (3.11) 

�̈� = −
𝑚𝐶−𝑚𝐿

𝑙𝑚𝐶
𝑔𝜃 −

𝑓

𝑙𝑚𝐶
                (3.12) 

24 volte DC motor acts as the actuator is used for translate trolley motion of an 

overhead crane. The motor dynamic is according to equivalent circuit. So it mean that 

the motor torque T is proportional to the armature current𝑖. For the back EMF voltage 

𝑒𝑏 is proportional to the rotational velocity 𝜔 𝑜𝑟 𝜃𝑚. 

𝑇 = 𝐾𝑡𝑖                 (3.13) 

𝑒𝑏 =  𝐾𝑒𝜔 = 𝐾𝑒�̇�𝑚                 (3.14) 

𝑇 = 𝑓𝑟                 (3.15) 

�̇�𝑚 =
�̇�1

𝑟
                 (3.16) 

Where, 

�̇�𝑚 - Motor angular velocity 

�̇�1 - Speed of a cart 

𝐾𝑡 - Motor current torque 

𝐾𝑒 - Motor back EMF constant 

r  - Radius of the pulley  
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Substitute the equation (3.13) into (3.15) 

𝐾𝑡𝑖 = 𝑓𝑟                 (3.17) 

Solving (3.17) above equation to find the f 

𝑓 =
𝐾𝑡𝑖

𝑟
                                             (3.18) 

Then, substitute the equation (3.16) back into (3.14) 

𝑒𝑏 =  𝐾𝑒𝜔 = 𝐾𝑒
�̇�1

𝑟
                  (3.19) 

According to the Kirchhoff’s law the DC electric motor has resistance R and inductance 

L. Below equation is the relationship between the voltage and current of the DC motor. 

It can be write as the below equations. 

𝑉 =  𝑅𝑖 + 𝐿
𝑑𝑖

𝑑𝑡
+ 𝑒𝑏                 (3.20) 

By solving the equation (3.20) and substituting to (3.19) yield 

𝑖̇ ̇ =  
𝑉

𝐿
−

𝑅𝑖

𝐿
−

𝐾𝑒�̇�1

𝑟𝐿
                      (3.21) 

Combine the equation (3.11) with (3.18) 

�̈�1 =  
𝑚𝐿𝑔𝜃

𝑚𝐶
+

𝐾𝑡𝑖

𝑟𝑚𝐶
                       (3.22)  

Combine the equation (3.11) with (3.18) 

�̈� =  −
𝑚𝐶−𝑚𝐿

𝑙𝑚𝐶
𝑔𝜃 −

𝐾𝑡𝑖

𝑙𝑟𝑚𝐶
                (3.23) 

3.6 The state space model  

Since finished all of the dynamic equation the state space model should be obtained for 

verified a set of inputs, outputs and state variables. The state space form as the formula 

shown below, y(t) denote by output, x(t) denote by state of the system.  

All the state variables of the model can be considered as following. 

[
 
 
 
 
𝑥1

𝑥2

𝑥3
𝑥4

𝑥5]
 
 
 
 

 = 

[
 
 
 
 
𝑥1

�̇�1

 𝜃
�̇�
𝑖 ]
 
 
 
 

 = 

[
 
 
 
 

𝐶𝑎𝑟𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛
𝐶𝑎𝑟𝑡 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
𝑆𝑤𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒

𝑆𝑤𝑖𝑛𝑔 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
𝑀𝑜𝑡𝑜𝑟 𝑎𝑟𝑚𝑎𝑡𝑢𝑟𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡]
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Thus, all of the state space variable as the below equations 

 �̇�1 = 𝑥2 

�̇�2 = 
𝑚𝐿𝑔

𝑚𝐶
𝑥3 +

𝐾𝑡

𝑚𝐶𝑟
𝑥5 

�̇�3 = �̇� 

�̇�4 = −
𝑚𝐶 + 𝑚𝐿

𝑙𝑚𝐶
𝑔𝑥3 −

𝐾𝑡

𝑙𝑟𝑚𝐶
𝑥5 

�̇�5 = −
𝐾𝑒

𝑟𝐿
𝑥2 −

𝑅

𝐿
𝑥5 +

1

𝐿
𝑢 

Now the constructing of the state space matrix as equations below. 

�̇� = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) 

𝑦 = 𝐶𝑥(𝑡) + 𝐷𝑢(𝑡)  

Where  

u =  v, and y =  [
𝑦1(𝑡)
𝑦2(t)

] = [
𝑋(𝑡)
θ(t)

] 

�̇� =  

[
 
 
 
 
�̇�1

�̇�2

�̇�3

�̇�4

�̇�5]
 
 
 
 

=

[
 
 
 
 
�̇�1

�̈�1

�̇�
�̈�
𝐼̇ ]
 
 
 
 

=

[
 
 
 
 
 
 
0 1                      0            0

0 0                   
𝑚𝐿

𝑚𝐶
𝑔         0

 0 0                     0             1 

 0 0          −
𝑚𝐿+𝑚𝐶

𝑙𝑚𝐶
𝑔      0

 0 −
𝐾𝑡

𝑟𝐿
               0             0

             

0
𝐾𝑡

𝑟𝑚𝐶

0

−
𝐾𝑡

𝑙𝑟𝑚𝐶

−
𝑅

𝐿

     

]
 
 
 
 
 
 

[
 
 
 
 
𝑥1

�̇�1

𝜃
�̇�
𝐼 ]
 
 
 
 

+

[
 
 
 
 
0
0
0
0
1

𝐿]
 
 
 
 

𝑢   (3.24)  

A = 

[
 
 
 
 
 
 
0 1                      0                   0

0 0                   
𝑚𝐿

𝑚𝐶
𝑔                0

 0 0                     0                    1 

 0 0          −
𝑚𝐿+𝑚𝐶

𝑙𝑚𝐶
𝑔              0

 0 −
𝐾𝑡

𝑟𝐿
               0                     0

             

0
𝐾𝑡

𝑟𝑚𝐶

0

−
𝐾𝑡

𝑙𝑟𝑚𝐶

−
𝑅

𝐿

  

]
 
 
 
 
 
 

;     B = 

[
 
 
 
 
0
0
0
0
1

𝐿]
 
 
 
 

                           (3.25 

y = [
1    0    0    0   
0    0    1    0    

0
0
]

[
 
 
 
 
𝑥1

�̇�1

𝜃
�̇�
𝑖 ]
 
 
 
 

+ [
0
0
] 𝑢                                                                            (3.26) 

C =[
1    0    0    0   
0    0    1    0    

0
0
] ;  𝐷 = [

0
0
]                (3.27) 
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3.7 Dynamic parameters of an overhead crane 

First, of all consider all the dynamic parameters of the physical model system as the 

table 3.7 shown below to calculate PID and LQR gains from state space. Then substitute 

all of these parameters in to matrices A, B, D and C of the state space model to calculate 

the feedback gains. 

Table 3.2 List of dynamic parameters 

Categories Symbols Values Units 

1 𝑚𝐿: (mass of load) 13.5 𝐾𝑔 

2 𝑚𝐶: (mass of cart) 14.5 𝐾𝑔 

3 𝐾𝑡: (motor current to torque) 0.485 Nm/A 

4 𝐾𝑒: (motor back EMF constant) 0.55 Vs 

5 𝑒𝑏: (back emf) - V 

6 R: (motor winding resistance) 0.25 Ω 

7 L: (motor winding inductance) 3 × 10−4 H 

8 r: (radius of Pulley) 0.025 m 

9 𝑙: (length of the rope) 1.9 m 

10 g: (gravitational) 9.8 m/𝑠2 

 

3.8 Design PID controller  

For the control algorithms in this research using two approaches. First, approach is a 

feedback classical PD position controller and classical PID anti-swing controller. The 

main purposed of the control algorithm is designed and developed an appropriate 

controller in order to control the cart position as well as reducing swing angle of an 

overhead crane. The controller designed for calculate the feedback gains by varying 

payload weight, cart weight and cable length from dynamic parameters. In addition, 

since the PD and PID controller has been designed and developed then the trajectory 

tracking position also designed for input to the system.  

For the aim of the anti-swing angle controller is to reduce the payload oscillation while 

transferring a payload and the cart position is tracking with a part planning trajectory or 

ramp input. PD-controller for tracking with trajectory or ramp input while the PID anti-

swing controller designed to reduce the swing angle based on a feedback control 

technique. 

3.8.1 PD position and PID swing angle controllers  

As far as the controller considered for the overhead crane such as cart position control 

and load swing angle control. There are two main different control routines need to be 

developed. First routine is that to stabilize the load swing angle and compensation with 

the position. Second routine is that to manipulate the cart position accurately at the 

initial and final positions. 
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According to the controller block diagram as shown in the figure 3.8, the error will be 

measure the difference between input set points and subtract with the actual process 

variable. It mean that the controller attempts to minimize the over the time by adjust 

control variable to correspond with the desire output which are position and angle. 

Basically, parameter are tune to find out a suitable gains such as proportional 𝐾𝑝, 

integral 𝐾𝑖 and derivative 𝐾𝑑 respectively. 

 

Figure 3.8 PD and PID block diagram 

3.9 Design LQR controller  

Another control algorithm can be implemented in this research for the simulation and 

real physical experiment is LQR controller. LQR controller stand for “Linear Quadratic 

Regulator”. Dynamic system subjected to the optimal control gains. The most concern 

is that to minimize the cost function as small as possible. The cost function is defined by 

the quadratic equation function. The cost function is scalar and the system dynamics are 

given by set of linear differential equations. This technique uses a mathematical state 

space mode to analyze a system. The solution of this is provided by using the theory of 

linear quadratic regulator.  

To make sure the LQR controller is stable and controllable so controllability matrix 

should be consider. Otherwise cannot be designed a good controller to stabilize the 

model system. Successfully, controller designed is to ensure that the controllability 

matrix should be equal the rank of the system.   

Ideally, LQR controller have to be generate all the states to an appropriate responses 

zero, except the position. The goal of LQR controller is to design and find an 

appropriate state feedback gains such as cart position, cart velocity, angular and angular 

velocity. By solving algebraic Riccati equations. Next step R and R matrixes can be 

designed by varying the weight values of the state variable and the input matrixes. The 

dimension of the Q matrix is in the form of nxn and R matrix is in the form of 1x1. The 

same purposed LQR controller designed and developed for manipulate the cart position 

and reduce the swing angle of an overhead crane. 
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Quadratic cost function J for the system is given by below equation  

 𝐽 = ∫ (𝑋𝑇𝑄𝑋 + 𝑈𝑇𝑅𝑈)
∞

0
𝑑𝑡 

𝑆𝑓 , Q ≥ 0, Positive semi finite function 

𝑅 > 0, Positive definite function 

The cost function J have be minimize as small as possible otherwise the controller will 

be unstable. The control law of a system as the below equation 

U(t) = -Kx(t) 

P is the obtained by solving the algebraic riccati equation as the below 

K =𝑅−1𝐵𝑇𝑃 

Form the state space matrix now substituting all the dynamic values from the list of 

table 3.7 into matric A 

𝐴 =

[
 
 
 
 
0
0
0
0

    

1
0
0
0

    

0
8.994

0
−9.891

    

0
0
1
0

   

0
1.328

0
−0.699

0 − 7.333    0      0 − 1.667]
 
 
 
 

                                                         (3.28)   

Similarly substituting all the values from table 3.7 above into matric B 

𝐵 =

[
 
 
 
 

   

0
0
0
0

3333]
 
 
 
 

                   (3.29) 

The output matrixes C and D getting from relationship between position and swing 

angle state.  

𝐶 = [
1
0
    

0
0
    

0
1
     

0
0
     

0
0
]; 𝐷 = [

0
0
]                 (3.30) 

I can now solving Riccati matrix equation below to find out the matrix P 

𝑃𝐴 + 𝐴𝑇𝑃 − 𝑃𝐵𝑅−1𝐵𝑇𝑃 + 𝑄 = 0                                           (3.31) 

The matric Q is getting from 𝐶 ∗ 𝐶′  

For the weight matrix Q:  

row 1 column 1 is represent to cart position, row 2 column 2 is cart velocity, reo 3 

column 3 is angular, row 4 column 4 is angular velocity and row 5 column 5 is a motor 

armiger current.     
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𝑄 =

[
 
 
 
 
10000 0 0

0 0 0
0 0 100000

     
0 0
0 0
0 0

     
 0     0      0  
0  0 0

        
  0 0
0 0]

 
 
 
 

                 (3.32) 

R matrix is given weights to generate input voltage to the system. 

𝑅 = [1]                                             (3.33) 

By solving Riccati above equation  

Thus, 𝑃 = [

0.1577 829.048 −177.201
829.048 864.897 −687.132

−177.201 −687.132 1.606
500.826    513.739   10.466

     

500.826
513.739
10.466
1.103

]                                   (3.34) 

 

Substitute the P, 𝑅−1 and 𝐵𝑇 matrixes into K=𝑅−1𝐵𝑇𝑃 equation. The resulting matrix K 

is show below. 

The K matrix can be produced by choosing a suitable value of Q and R matrixes. 

Thus: 𝐾 = [70.71, 33.81, −175.24, 59.23, 𝑎𝑛𝑑 0.002]                                          (3.35) 

So the input voltage “v” will be given by the following expression 

𝑣 = −𝐾𝑋 = −[70.71, 33.81, −175.24, 59.23, 0.002]

[
 
 
 
 
𝑥1

�̇�1

𝜃
�̇�
𝑖 ]
 
 
 
 

                     (3.36) 

𝑣 = −70.71𝑥1 − 33.81�̇�1 + 175𝜃 − 59.23�̇� − 0.002𝑖                           (3.37) 

3.9.1 LQR controller Diagram  

It is relatively simple to deal with a multi outputs by using a state space method in order 

to control system. LQR controller designed to control both swing angle and cart 

position of an overhead crane. In this case they are taken as these five states 

(𝑥1, �̇�1, 𝜃, �̇� 𝑎𝑛𝑑 𝑖). All the states represent to the cart position, cart velocity, swing 

angle, and angular velocity of the payload. The outputs contains of both cart position 

and the angle of the suspended load. The controller designed in such the way that 

suspended load displacement eventually returns to zero angle. For instance, the payload 

and the cart position should be moved to a new position according to the position error 

as the diagram below. 
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Figure 3.9 LQR block diagram  

3.10 Trajectory user interface  

The trajectory part planning can be designed by using an input shaping technique, by 

applying velocity and acceleration constant profile. Basically, the blue line in the figure 

3.10 illustrated that different cart’s position in 0.5 meter and 1 meter respectively. 

Normally, it is changing set-point over the time from the initial position to the final 

destination. For the green line is that speed profile as show in the graphs. The speed will 

be ramp up at the first start until maximum speed and speed will be remain at the max 

speed. Similarly, the final position the speed will ramp down before the cart’s stop. The 

goal of the design is to reduce suspended load oscillation and optimal time interval of an 

overhead crane. The optimal time solution subjected to acceleration and velocity 

constrains. 

 

Figure 3.10 Trajectory user interface  
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3.11 PID and LQR simulation model in Matlab Simulink  

3.11.1 PID simulation model  

After derived all of the dynamic mathematical state space model so that the system can 

be simulated virtually. The system has been built in the Malab Simulink environment. 

Block diagram, consists of the system’s block, state space model and trajectory part 

planning input as well as step has been designed. To investigate the characteristic of the 

model, and the response of the PID controller.  

 

Figure 3.11 PID simulation model 

3.11.2 PID tuning method  

Firstly, we have to set all the gains equal to zero. Secondly, try to increase  𝐾𝑃 gain until 

a response is steady oscillation. Thirdly, increase 𝐾𝑖 gain until the oscillation die out. 

Finally, repeat as the step two and three until 𝐾𝑑 gain stop oscillation. 

Table 3.3 PID Tuning parameter method 

CL 

Response 

Rise Time Overshoot Setting Time Error 

𝐾𝑝 Decrease Increase Small Change Decrease 

𝐾𝑖 Decrease Increase Increase Eliminate 

𝐾𝑑 Small Change Decrease Decrease Small Change 

 

 

 



29 

 

3.11.3 PID parameter gains  

The parameter 𝐾𝑃, 𝐾𝑑 gains for cart position and 𝐾𝑃, 𝐾𝑖 and 𝐾𝑑 gains for the load swing 

angle. PID gains have to be designed base on the dynamic parameters of a state space 

model. The purpose is to observe behavior of closed loop system. If the system behavior 

is not desirable, 𝐾𝑃 𝐾𝑖 and 𝐾𝑑 gains have to be re tune to find a suitable gains. 

Table 3.4 PID tuning parameter gains 

PID Gains Controllers 

Position Control Swing Angle Control 

Proportional, 𝑲𝒑 0.017 -0.25 

Proportional, 𝑲𝒊 - 0.0003 

Proportional, 𝑲𝒅 0.15 -0.14 

Filter Coefficient, N 0.8 0.8 

3.11.4 PID controller simulation results 

Figure 3.12 shown that simulation results of PID controller with step input that has been 

designed in the matlab Simulink software. The result for the cart position was a little bit 

overshooting value and steady state error at about 7 seconds time periods. The result of 

the angular displacement was also satisfactory. The maximum swing angle about 1 

degrees, damping ratio around one cycle time and the setting time die out at 

approximately 8 seconds time periods.  The PID controller for cart position and PID for 

swing angle controller are controllable and accuracy. The overall of an overhead crane 

performance was acceptable for the simulation.  

 

Figure 3.12 PID simulation results with step input 
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Figure 3.13 shown that simulation results of PID controller with ramp input and 

different step response of the position such as 0.5m and 1m. The performance for the 

horizontal cart position have no overshooting value and steady state error at about 5 

seconds time periods. The result of the angular displacement also satisfactory. The 

maximum swing angle about 0.6 degrees, damping ratio around one cycle time and the 

setting time die out at approximately 7 seconds time periods.  The PID controller for 

cart position and PID swing angle controller are controllable accuracy. The overall of an 

overhead crane performance was acceptable for this simulation. It is clear that the ramp 

input performed is better performance if compare to the step input. 

 

Figure 3.13 PID simulation results with ramp input 

3.11.5 LQR simulation model 

After derived all of the mathematical model so that the system can be simulated, using 

Matlab Simulink software. To predict the system behavior of closed loop of the LQR 

controller. The system has been built in the MATLAB Simulink environment as shown 

in the figure below. The Block diagram, including the subsystem’s block, state space 

model and trajectory part planning input as well as step has been designed.  

 

Figure 3.14 LQR simulation model  
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After finding all of the feedback gains from the state space model by using a Matlab in 

order to calculate state feedback gains as below. The purpose is to investigate the 

system behavior of closed loop of the LQR controller. If the system behavior is not 

desirable, then Q and R matrices have to be modified to find a suitable gain. 

𝑣 = −𝐾𝑋 = −[70.71, 33.81,−175.24, 59.23, 0.002]

[
 
 
 
 
𝑥1

�̇�1

𝜃
�̇�
𝑖 ]
 
 
 
 

                                            

𝑣 = −70.71𝑥1 − 33.81�̇�1 + 175𝜃 − 59.23�̇� − 0.002𝑖         

3.11.6 LQR controller simulation results  

Figure 3.15 shown that simulation results of LQR controller with step input. The 

performance for the horizontal position was a little bit overshooting value and steady 

state error at about 5 seconds time periods. The result of the angular displacement was 

also satisfactory. The maximum swing angle about 4.5 degrees, damping ratio around 

one cycle and the setting time die out at approximately 7 seconds time periods.  The 

LQR controller bring all state feedbacks to zero in different time periods except cart 

position. However, the overall of an overhead crane performance was acceptable results 

for the simulation.  

 

Figure 3.15 LQR simulation results with step input 
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Figure 3.16 shown that simulation results of LQR controller with ramp input and 

different positions such as 0.5m and 1m. The performance for the horizontal cart 

position have no overshooting value and steady state error at about 5 seconds time 

periods. The result of the angular displacement was also satisfactory. The maximum 

swing angle less than 0.8 degrees, damping ratio around one cycle and the setting time 

die out at approximately 8 seconds time periods.  The LQR controller were able to bring 

all state feedbacks to zero in different time periods except cart position. However, the 

overall of an overhead crane performance was acceptable for the simulation. It is clear 

that the ramp input performed is better results if compare to the step input.  

 

Figure 3.16 LQR simulation results with ramp input 

3.12 Software implementation in Matlab Simulink  

3.12.1 Remote control user interface  

It easier to operate and control the device if an operators could have a user interface. It 

will be interaction between the human and machines. In other words called HMI, HMI 

stand for “human machine interface”. The main purpose of the user interface is to allow 

the operator interaction with the machine easier and faster to process system. In such the 

way of processing operating and trending information. So that operator will be easy to 

make decision interim of making process.  
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Figure 3.17 Remote control user interface 

3.12.2 PID software implementation  

The first control algorithm approach is classical PID controller, the classical PID 

controller due to the coupling between the translational and rotational motions of a 

model application in order to transfer the load from initial pick up to desire position 

without any causing swing angle. The joint working of the translational and rotational 

controllers called inner loop and outer loop as the block diagram shown in the 3.18 

below.  

 

Figure 3.18 PID software in Matlab Simulink 
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3.12.3 LQR software implementation  

The second control algorithm approach for this research is LQR controller. LQR 

controller is designing to manipulate the cart position and reduce the large swing angle 

of an overhead crane. The goal of the controller is to compare the result with the PID 

controller while trajectory position tracking. Actually, all the state feedback gains are 

calculate from Matlab software by varying dynamic parameters and Q and R matrixes. 

 

Figure 3.19 LQR software in Matlab Simulink  
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Actual physical experimental set-up 

To validate software and controller that has been designed for an overhead crane as 

shown in Figure 4.1 below. The actual overhead crane has been implemented at ISE lab, 

ISE stand for “Industrial System Engineering”. The control algorithms implemented on 

a PC by using Matlab Simulink software. A communication board used to transmit a 

signal from my PC to microcontroller as well as receive the feedback information form 

magnetic sensors as shown in the experimental setup diagram in Figure 4.2. An 

overhead crane composed of a trolley/cart assembly moving in horizontally by timing 

belt, which is driven by a DC motor and hanging with suspend load. 

The cart assembly rotates on a rotating I beam with gear ratio n = 9.778. A DC motor 

drives and rotating pulley. The end of the pulley rod has an absolute magnetic sensor 

with a resolution of 4000 plus/rev. This magnetic sensor can measure the carts positions 

which will send the position feedback to the microcontroller. The DC motors equipped 

a 24 DC voltage for drive the cart. The angular displacement measured by another 

absolute magnetic sensor with a resolution of 4000 plus/rev. 5V signals control signal 

used to feed to the swing magnetic sensor. These encoders are connect to digital 

counters built in the microcontroller. The output signals of the magnetic sensors are the 

feedback signals of the system.  

 

 

Figure 4.1 Experiment set-up of an overhead crane 
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Figure 4.2 Block diagram of an overhead crane 

4.2 ON-OFF experiment results with step input  

First experiment is ON-OFF control, in order to control point to point of the car 

position. The performance behavior of the ON-OFF controller are shown in the figure 

4.3. The first graph (a) is a response of cart position and the second graph (b) is the 

angular displacement. In this experiment has no controller for the swing angle yet. 

Because I would like to observe how large of the swing angle is. When the varying the 

voltage values. Therefore, if increase the number of the voltage so the swing angle also 

increase significant as the following: [-9° to +9°],[-13° to +13°] and [-23° to +23°] 
respectively.  

 

 (a) ON-OFF position control  (b) No swing angle control 

Figure 4.3 ON-OFF control results without anti swing  
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4.3 Proportional experiment results with step input  

Proportional controller is the second implemented and tried in my research experiment, 

to observe the difference of both position and load swing as the figure 4.4 below. In this 

case the anti-swing has not been control yet. However, the both position and load swing 

angle seems to be better if compare to the ON-OFF control. The result is satisfactory for 

the position. There is a little bit position overshooting so the maximum swing angle at 

about [-10°; +10°]. 

 

 (c) PD position Control   (d) No swing angle control 

Figure 4.4 Proportional control results without anti swing  

4.4 PD and PID experiment results with step input 

The effectiveness of the controller in transferring the load from initial pick up to 

destination without any causing swing angle. This controller is designing to coupling 

between the translational and rotational motions of a model application. The experiment 

results shown in the graph (e) is the classical PD position. It has an overshooting value 

at the final position. Because the positioning tried to balancing with swing angle while 

transferring a load. T graph (f) also illustrate large swing angle at the first start about [-

4°; + 4.3°].  Because using of the step in put. However, the minimum angular was 

satisfactory at around [-0.5°; +0.5°].  

 

 (e) PD position control  (f) PID swing angle control 

Figure 4.5 PD and PID experiment results with step input 
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4.5 PD and PID experiment results with ramp input 

From above issue the effectiveness of the controller in transferring the payload from 

initial pick up to destination with no swinging and accuracy position. According to the 

coupling between the translational and rotational motions of a model application. In this 

experiment a ramp input has been used and results shown in figure 4.6. Graph (g) 

represented to the cart position and graph (h) illustrated to the load swing angle while 

travelling from differences position. There have no overshooting in cart position and 

swing angle also reduced a lot. Maximum swing angle is about [-2°; +2°] at the first cart 

start and the minimum swing angle at [-0.5°; +0.5°]. Form the experiment result using 

ramp input it seem to be better performance if compare to the step in that has been used 

as previous controller.  

 

 (g) PD position control  (h) PID swing angle control 

Figure 4.6 PD and PID experiment results with ramp input 

4.6 LQR experiment results with ramp input 

The other controller used in this research is that LQR controller, the LQR controller is 

experiment with a real physical overhead crane. Using dynamic parameters from table 

3.2 in chapter 3 and ramp input that has been used. Experiment behavior monitored and 

captured as below graphs in figure 4.7. Results shown that the behavior of the cart 

position and angular displacement over the time. There have no overshooting in the cart 

position and the swing angle also reduce a lots. The steady state was about 5 second 

time pervious. Maximum swing angle at about [-2°, 2°] and minimum swing angle was 

[-0.5°, 0.5°]. From the result cart position and swing angle were controllable and 

satisfactory. 

 

 (i) LQR position control  (j) LQR swing angle control 

Figure 4.7 LQR experiment results with ramp input 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS  

5.1 Conclusions 

To conclude, all the results generated shows that the objectives of this research have 

been achieved. The cart position and load swing angle can be controllable through the 

necessary designed. The physical, mathematical and simulation models of an overhead 

crane has been obtained and verified. The control algorithm to coupling between cart 

position and load swing angle has been developed based on trajectory techniques. 

Similarly results about PID and LQR simulation and actual experiment. An overview of 

the controller performances are given below. 

ON-OFF, proportional, PID and LQR controllers has been designed and developed for 

an overhead crane. From the simulation and experiment results in chapter 3 and chapter 

4 respectively. So I can conclude that response of PID and LQR characteristics satisfied 

that the requirements of a designed criteria. As I mentioned as an earlier step and 

trajectory inputs must be obtained so both inputs are acceptable results. However, PID 

and LQR controllers in simulation model and real experiment based on the trajectory 

inputs, it seems to be better results if compare to the step inputs. It mean that both cart 

position and swing angle are controllable accuracy based on trajectory ramp function 

inputs to the system.  

5.2 Recommendations for the future work 

Even though the research is reach and successful interim of the physical model, 

simulation model and actual experiment. There have some area to improvement such as 

control system engineering. There are many methods to control the position and balance 

a payload while travelling from one position to other position. The problems of the 

controlling still under considering and not been solved exactly up to now.      

In this research, there are some aspects that can be improved. One of them is that the 

physical modeling could be rebuilt in three dimensions which are X, Y and Z for 

response demand operator use in the real world. For the Z axis is the most important and 

difficult to implementing in a real world physical overhead crane. Especially when 

crane hoisting up and down with different weights and cable lengths. However, everting 

can be done by our engineer as you can see many other researcher were done by using 

adaptive controller in order to tune the parameter gains while hoisting up and down 

such as Fuzzy tune PID controller. 

The other area improvement is translation of a system, could be replace the timing belt 

to the gear bock. Also hoist should able to hoisting up and hoisting down. 

Since you did that the algorithms in control system engineering al so redesigned and 

developed. Similarly Dynamic system can also be used for the control action of the 

system. For example, Artificial Intelligence Fuzzy Logic Controller (FLC), Artificial 

Neural Network (ANN), Controllers must be obtained.  
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APPENDIX 

Appendix A: Control signal circuit 

The logic gate circuit shown in the figure below designed to manipulate three outputs of 

the motor drive which are DL “drive to the left”, DR “drive to the right” and DCN 

“drive command enable”. For the left hand corner switches are designed to select 

Auto/manual mode of an overhead crane. Moreover, to this the right corner is the PWM 

circuit. This circuit designed to control the manually operating the system not run to 

fast.  

 

Logic Gate Signal manipulation 
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Appendix B: Matlab code m-file 

The first step in designing a full state space feedback for the PID and LQR controllers 

in order to find the controller gains for the simulation model system. Enter the following 

Matla program is the code to calculate all the PID and LQR gains. 

 

 


