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ABSTRACT 

 

 

 

 

        These project present experimental investigations of input shaping techniques 

for double pendulum type overhead crane (DPTOC) system. An unshaped bang-bang 

input force is used to determine the characteristic parameters of the system for design 

and evaluation of the input shaping control techniques. The positive input shapers 

with the derivative effects respectively are designed based on the properties of the 

system. Experimental of the response DPTOC system to shaped input is presented in 

time and frequency domain. The performance of this project is examined in terms of 

sway angle reduction and time response specification. Finally comparative 

assessment of the proposed techniques is presented. 
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ABSTRAK 

 

 

 

 

        Projek ini membentangkan tentang penyelidikan eksperimen teknik 

pembentukan input positif untuk pendulum berganda jenis ‘‘overhead’’ kren 

‘‘DPTOC’’ sistem. Daya input ‘‘bang-bang’’ yang tidak terbentuk digunakan untuk 

menentukan parameter karakteristik dari system, untuk dibina dan dinilai dari 

masukan untuk membentuk teknik kawalan. Pembentukan input positif dengan kesan 

bentukan direka berdasarkan sifat-sifat sistem. Keputusan simulasi tindakbalas 

sistem ‘‘DPTOC’’ terhadap pembentukan input dibentangkan dalam masa dan 

domain frekuensi. Prestasi projek ini diperiksa dari segi pengurangan ayunan sudut 

dan spesifikasi masa tindakbalas. Akhirnya, penilaian perbandingan dari teknik yang 

dicadangkan dibentangkan. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

       Overhead crane is important machinery that has been used at construction or 

industrial site to transfer the material. In order to make work easier, overhead cranes 

have been used to transfer the material that are usually heavy, large and hazardous which 

cannot be handling by worker. In handling the crane, safety is the most important aspect 

to consider while operating crane. It also has a problem when carrying the heavy load, 

the overhead crane tents to be unbalance causing its cart to sway excessively.  

 

        There are many cases and incident regarding on the crane’s accident. For example, 

in April 1993, the crane becomes unbalanced during two separated incidents at DOE 

sites in United State of America, which is in Hanford Sites and Bryan Mound Site. For 

the first accidents happened in 28th April 1993, where a crane becomes unbalanced while 

the boom was being lowered and two day later in 30th April 1993, which crane loading 

the load, the weight of the load caused the crane to tip forward. Relate to this accident, 

effective controller need to be applied into the crane system to meet safety requirement 

and smooth operation. 
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       Input shaping is a feed forward control technique for improving the settling time 

and positioning accuracy, while minimizing residual vibrations of computer controlled 

machines. Input shaping is a strategy for a generation of time-optimal shaped commands 

using only a simple model, which consist of the estimate of natural frequency and 

damping ratio so, input shaping is a simple method to reduce the sway of double 

pendulum type overhead crane (DPTOC) system. It offers several clear advantages over 

conventional approaches for trajectory generation [1]. 

 

i) Designing an input shaping does not require an analytical model of the 

system; it can be generated from simple, empirical measurements of the 

actual physical system [1]. 

ii) Input shaping does not affect the stability of the closed loop system in 

any way. It simply modifies the command signal to the system so that all 

moves, regardless of length, are vibration free [1]. 

 

      So in this project the positive input shaping algorithm will be used to reduce the 

sway of double pendulum type overhead crane system. The positive input shaping is 

implemented by convolving a positive sequence of impulse, an input shaper with a 

desired system command to produce a shaped input. Figure 1.1 and 1.2 show examples 

of overhead cranes using in industry. 

 

 
 

Figure 1.1: Double beam overhead crane (EOT crane) 
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Figure 1.2: Overhead cranes 

 

         The requirement of precise sway control of overhead crane implies that residual 

sway of the payload should be zero or near zero. As the performance requirements 

imposed by the industry become more severe, the need to understand how to model and 

control the overhead crane becomes an issue of concern. Thus, it becomes necessary to 

anticipate and control such sway in order to obtain robust and fast response of the 

overhead crane. 

 

1.2 Problem statement 

 

        When carrying heavy loads, the overhead crane tends to be unbalance causing its 

cart to sway excessively. This can cause accidents. The accidents which caused by 

cranes have been recorded [1] and this prove that gantry crane can be hazardous. To 

solve this problem, input shaping technique is introduced.  
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1.3 Project Objective 

 

The objectives of this project: 

i) To develop positive input shaping technique for anti sway control of 

double pendulum type overhead crane system. 

ii) To determined the amplitude and time locations of the impulse in order to 

reduce the natural frequencies and damping ratio of the system. 

iii) To investigate the effects of the difference derivative order of the positive 

input shaper in terms of level sway reduction and time response 

specifications. 

 

1.4 Project Scopes 

 

The scopes of this project: 

 

i) Modeling of overhead crane. 

Modeling is needed to present a real system that will be focused in order 

to do the analysis. Further work involves obtaining the dynamic 

characteristic and to predict the problem that will occur before the control 

of the system is implemented. 

ii) Design the positive input shaping controller. 

Positive input shaping is developed based on positive zero sway (PZS), 

positive zero sway derivative (PZSD) and positive zero sway derivative-

derivative (PZSDD). Each positive input shaping contains difference 

value of impulse. 

iii) Simulation studies using MATLAB software. 

For simulation studies, MATLAB 7.6 is used for input shaping design 

before it is used for experimental studies. 

iv) Experimental studies using CEMTool and MATLAB 7.6 software. 

To carry out this project after simulation studies is done; this software will 

be used to interface the design program with its experimental hardware. 
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1.5 Thesis Outline 

 

 This section will give an outlines of the structure of the thesis. This thesis will 

consist of five chapters including this chapter. The following is an explanation for each 

chapter: 

 

Chapter 2 discusses the previous work that been done around the world about the 

crane, in term of modeling, the crane. Literature that been done will cover, for instance, 

modeling, control algorithm design and others.  

 

 Chapter 3 explains on methodology of this project. In this chapter, each step in 

the work methodology flow chart starting from modelling of the gantry crane was 

explained. 

. 

      Chapter 4 consists of experimental results and results analysis. Comparison 

between each negative input shaping derivative order was done. 

 

       Lastly, Chapter 5 summarizes the overall conclusion for this thesis and a few 

suggestion and recommendation for future development. 

 

 

 



 

 

 

 

CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 Introduction 

 

      An overhead crane has been used to lift and move the payload from one location to 

another place that are usually heavy, large and hazardous which cannot be handling by 

worker. In operating the overhead crane, when the load moves, the crane must be 

controlled so that the load reaches the location needed with less or without swinging.  

 

      In operating the overhead crane, the oscillation that occurs is seemly like a pendulum 

motion which is at certain level, the operating must be stopped until the swing or 

oscillation reduced [2]. This happen when the cart in which carries the load will produce 

a sway which cause the cart and the load to oscillate. One of the incidents occurred in 

28th April 1993, where a crane becomes unbalanced while the boom was being lowered 

[2]. 
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        Due to this problem, to prevent the accidents, the controller of positive input 

shaping technique will be implemented. The timeliness and effectiveness of this 

manipulation system are important contributors to industrial production. Beyond the 

basic pendulum mode, crane also has additional dynamic effects such as motor time 

constants, velocity limits and nonlinear payload dynamics that make them well suited for 

both introductory and advance study [3]. 

  

       Today most existing crane control systems are designed to maximize speed, in an 

attempt to minimize system sway and achieve good positional accuracy in minimum 

duration. High stiffness can be achieved by using short rope or heavy carrier head. As a 

result, such cranes are usually heavy with respect to it payload. This limits the speed of 

operation of transportation, increases size of driving motor and energy consumption [4, 

5]. 

 

2.2 Anti-sway techniques  

 

       The vibration or sway is a significant problem in dynamical systems that are 

required to perform precise motion in presence of structural flexibility. Step motors, 

robotic arms, flexible manipulators and crane systems are some examples for this 

category. In reducing the excessive sway of an overhead crane, many researches and 

paper work had been done in proposing the techniques to overcome the problem. These 

are some techniques which had been done over the years which include input shaping, 

filtering technique, and feedback control technique. 
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2.2.1 Input Shaping Technique 

       Feed-forward control schemes are mainly develop for sway suppression and involve 

developing the control input through consideration of the physical and swaying 

properties of the system so that system sways at response modes are reduced [4]. The 

earliest incarnation of this self canceling command generations was developed by smith 

[4, 5, and 6]. His posicast control method involved breaking a command of certain 

magnitude into two smaller magnitude commands, one of which is delayed one-half 

period of vibration.  

     Unfortunately, his technique was extremely sensitive to modeling errors [6]. Singer 

and Seering developed reference commands that were robust enough to be effective on a 

range of systems [5, 7]. This new robust technique is named as input shaping. 

       Input shaping is implemented by convolving a sequence of impulses, an input 

shaper, with a desired system command to produce a shaped input that produces self 

canceling command signal [4, 8, 9, and 10]. Input shaping is easier to derive and 

implement than time-optimal control schemes and does not require the feedback 

mechanisms of closed loop and adaptive controllers [9, 10].  

 

        Input shaper is designed by generating a set of constraint equations which limit the 

residual vibration, maintain actuator limitations, and ensure some level of robustness to 

modeling errors [11]. Input shaping is a form of Finite Impulse Response (FIR) filtering 

that places zeros near the locations of the original system's flexible poles. The impulse 

amplitudes are equivalent to the filter coefficients. The impulse amplitudes and time 

locations are determined by satisfying a set of constraint equations [8, 9, and 10].       

 

       According to Sirri Sunay Gurleyuk, Ozgur Bahadir, Yunus Turkkan and Hakan 

Usenti which had proposed in their paper Three-Step (TS) input shaping technique state 

that Zero Vibration (ZV), Zero Vibration and Derivative (ZVD) and Extra Insensitive 

(EI) are the most common shaper types. Improving the robustness respect to modeling 

errors requires more impulses [5].  
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       The requirement of positive amplitudes for the input shapers has been used in most 

input shaping schemes. The requirement of positive amplitude for the impulses is to 

avoid the problem of large amplitude impulses [4]. The shapers containing negative 

impulses have tendency to excite unmodeled high modes and they are slightly less 

robust as compared to the positive shapers besides, negative input shapers require more 

actuator effort than the positive shapers due to high changes in the set-point command at 

each new impulse time location [4]. 

 

       In this project, by related the advantage and disadvantage of the positive input 

shaping technique and negative input shaping technique, this experimental will use 

positive input shaping technique as the controller of double pendulum type overhead 

crane (DPTOC) system. 

 

2.2.2 Other Techniques 

 

        In the paper entitled Experimental Investigations of Low pass Filter Techniques for 

Sway Control of a Gantry Crane System by M.A. Ahmad, F.R. Misran, M.S. Ramli, and 

R.M.T. Raja Ismail it presents investigations into the development of IIR low-pass filter 

techniques in anti-swaying control of a gantry crane system. According this paper, 

filtering techniques is developed on the basic of extracting input energy around natural 

frequencies of the system.  

 

      The filters are thus used for pre-processing the input signal so that no energy is fed 

into the system at the natural frequencies. In this manner, the flexural modes of the 

system are not excited, leading to a sway-free motion. This can be realized by 

employing either low-pass (LPF) or band-stop (BSF) filters [12]. 

  

       In the former, the filter is designed with cut-off frequency lower than the first 

natural frequency of the system. There are various filter types such as Butterworth, 

Chebyshev and Elliptic that can be designed and employed [12].  
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By implementation of IIR low-pass filter techniques show that the low pass filter 

techniques with higher number of order provide higher level of sway reduction. 

However, in term of speed of the response, the low number of filter order result is in a 

higher speed of tracking response [12]. 

 

       Various of the anti-sway techniques in controlling the cranes system based on open 

loop system were proposed. For example, input shaping and IIR filtering technique that 

used to reduce the oscillation of the cranes system. However open loop strategy is 

sensitive to the system parameters (e.g. rope length) and could not compensate for wind 

disturbances. On the other hand, feedback control which is well known to be less 

sensitive to disturbance and parameter variations is also adopted for controlling the 

cranes system [13]. 

 

      In the paper entitled Anti-sway Control of a Gantry Crane System based on 

Feedback Loop Approaches by M.A. Ahmad, R.M.T Raja Ismail, A.N.K. Nasir and 

M.S. Ramli presents investigations of anti-sway angle control approach in order to 

eliminate the effect of disturbances applied to the gantry crane system. A simulation 

environment is developed within Simulink and Matlab for evaluation of the control 

strategies [13].  

 

        To demonstrate the effectiveness of the proposed control strategy, the disturbances 

effect is applied at the hoisting rope of the gantry crane. This is then extended to develop 

a feedback control strategy for sway angle reduction and disturbances rejection [13]. 

Two feedback control strategies which are Delayed feedback signal and sliding mode 

controller are developed in this simulation work [13]. Performances of each controller 

are examined in terms of sway angle suppression and disturbance rejection [13]. 

 

         



 

 

 

 

CHAPTER 3 

 

 

 

 

METHODOLOGY 

 

 

 

 

3.1 Introduction 

 

      This section described the methods used to reduce sway angle of double 

pendulum type overhead crane system by using positive input shaping technique. 

The methods explained in this section are very important procedures in order to 

ensure the flow of research move smoothly as planned. The methodology of this 

research is divided into four major sections: 

 

i. Modeling of a double pendulum type overhead crane. 

ii. Design and develop positive input shaping. 

iii. Simulation and experimental of double pendulum type overhead crane by 

using MATLAB 7.6 and CEMTOOL software. 

iv. Data collection and analysis controller design. 
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3.2 Work Methodology 

 

In term of work methodology, it can be summarized in Figure 3.1 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Work Methodology 

 

 

3.2.1 Modeling of a double pendulum type overhead crane (DPTOC) system 

 

        In this experimental, modeling of a double pendulum type overhead crane is the 

first steps require representing a real system in order to do the design analysis. This 

involves obtaining the dynamic characteristic of the system and with dynamic 

analysis, it can predict the problem that will occur before the system is built. 
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       The DPTOC system with its hook and load considered in this work is show in 

Figure 3.2, where x is the trolley position, m is the trolley mass, m1  and m2 are the 

hook and load mass respectively. θ1 is the hook swing angle, θ2 is the load swing 

angle, l1 and l2 are the cable length of the hook and load respectively and F is the 

trolley drive force. In this simulation the hook and load can be considered as point 

masses. 

 

 
Figure 3.2: Double pendulum type overhead crane model 

 

 

the characteristic parameter of modeling double pendulum type overhead crane 

(DPTOC) system: 

 

x = Trolley Position 

F = Force apply to the trolley 

m =  mass of trolley 

 m1  = mass of the Hook 

 m2  = mass of the Payload 

θ1   = hook swing angle 

θ2   = payload swing angle 

l1 and l2 = length of the pendulum 

 

 

 

 



14 
 

3.2.2 Dynamic modeling of the double pendulum type overhead crane 

 

        This section provides a brief description on the modeling of the DPTOC system, 

as a basic of a simulation enviroment for development and assessment of the feed 

forward control technique. The Euler-Lagrange formulation is considered in 

characterizing the dynamic behavior of the crane system incorporate payload. By 

using  Lagrange’s equations, the dynamic model of the DPTOC system is assumed to 

have the following form [4] :  

 

𝑀(𝑞)𝑞 ̈ + 𝐶(𝑞, 𝑞̇ )𝑞̇ + 𝐺(𝑞) = 𝜏̅                                               (3.1) 

 

where the matrices 𝑀(𝑞) ∈ ℜ3×3 ,𝐶(𝑞, 𝑞̇) ∈ ℜ3×3 and 𝐺(𝑞) ∈ ℜ5  represent the 

inertia , Centrifugal-Coriolis terms and gravity. Respectively define as: 

 

𝑀(𝑞) = �
𝑚 + 𝑚1 + 𝑚 2        (𝑚1 + 𝑚2)𝑙1𝑐𝑜𝑠𝜃 1           𝑚2𝑙2𝑐𝑜𝑠𝜃2

(𝑚1 + 𝑚2)𝑙1𝑐𝑜𝑠𝜃1      (𝑚1 + 𝑚2)𝑙 12            𝑚2𝑙1𝑙2𝑐𝑜𝑠(𝜃1 − 𝜃2)
𝑚2𝑙2𝑐𝑜𝑠𝜃2            𝑚2𝑙1𝑙2𝑐𝑜𝑠(𝜃1 − 𝜃2)                 𝑚2𝑙12

�         (3.2) 

                         

𝐶(𝑞, 𝑞̇) = �
0        − (𝑚1 + 𝑚2)𝑙1𝜃̇1𝑠𝑖𝑛𝜃1           −𝑚2𝑙2𝜃2̇𝑠𝑖𝑛𝜃2
0                          0                       𝑚2𝑙2𝑙2𝜃1̇sin (𝜃1 − 𝜃2)
0         −𝑚2𝑙1𝑙2𝜃1̇ sin(𝜃1 − 𝜃2)                                   0

�     (3.3)        

 

𝐺(𝑞) = [0          (𝑚1 + 𝑚2)𝑔𝑙1𝑠𝑖𝑛𝜃1         𝑚2𝑔𝑙2𝑠𝑖𝑛𝜃2]𝑇                                  (3.4) 

 

 

where  𝒈 are the gravity effect, the state vector q and the control vector 𝝉 are defined 

as: 

 

𝑞 = [𝑥      𝜃 1    𝜃2]𝑇                                                                                  (3.4) 

 

𝜏̅ = [𝐹      𝑂       0]𝑇                                                                                                 (3.5) 
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after rearranging equation (3.1) and multiplying both sides by M-1, one obtains: 

 

𝑞̈ = 𝑀−1[−𝐶𝑞̇ − 𝐺 + 𝜏̅]                                                                                         (3.6) 

 

where M -1 is guaranteed to exist due to det(M) > 0. In this study the values of the 

parameters are defined as m=5 kg, m1=2 kg, m2=5 kg, l1=2 m, l2=1m and  

g = 9.8 m-s-2 [4]. 

 

       

3.3      Determination of natural frequency 

 

      The natural frequency is the oscillation frequency of the system with all the 

damping is removed. An ideal pendulum will oscillate at its natural frequency once it 

is released from an unstable position. In this project, natural frequency for the 

experimental studies was obtained from the response of power spectral density of 

uncontrolled gantry crane system. The value obtained then will be multiply with 2π 

to get the exact value of the natural frequency, ωn. 

 

      To evaluate the performance of the positive input shaping technique, the level of 

sway reduction at the natural frequency were calculated to get its attenuation. This is 

done by comparing the PSD responses of positive input shaping of each derivative 

order with the PSD response of uncontrolled.  
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3.4 Design of the input shaping using MATLAB 

 

       Positive input shaping was generated through convolution of impulses function 

with bang-bang input. Each of the positive input shaping contains different values of 

impulses. An unshaped bang-bang force input is used to determine the characteristic 

parameters of the system for design and evaluation of the input shaping control 

technique. Each of the input shaping positive zero sway (PZS), positive zero sway 

derivatives (PZSD) and positive zero sway derivative –derivative (PZSDD) of bang-

bang input was generated through its own coding by using MATLAB software. 

Figure 3.3 show illustration of input shaping technique. 

 

 

 
 

Figure 3.3: Illustration of input shaping technique 

 

3.4.1    Design equation of input shaping 

 

     Design objectives are to determine the amplitude and time locations of the 

impulses, so that the shaped command reduces the detrimental effects of system 

flexibility [14]. Generally, an input shaping of any order can be modeled as a 

superposition of second order systems each with a transfer function [14]. 

 

𝐺(𝑠) = 𝜔2

𝑠2+2𝜁𝜔𝑠+𝜔2                                                                                                                                                                                                                                                                                             

 

where  𝜔 is the natural frequency of the sway double pendulum type overhead crane 

and  𝜁 is the damping ratio of the system [14]. 
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 thus, the response of the system in time domain can be obtained as 

 

  𝑦(𝑡) = 𝐴𝜔
�1−𝜁2

𝑒−𝜁𝜔(𝑡−𝑡0)sin [𝜔�1 − 𝜁2(𝑡 − 𝑡0)]                                                   

 

where A and 𝑡0 are the amplitude and the time location of the impulse respectively. 

The response to a sequence of impulse can be obtained by superposition of the 

impulse response [14]. Thus, for N impulses, with  𝜔𝑑 = 𝜔�1 − 𝜁2 , the impulse 

response can be expressed as 

 

𝑦(𝑡) = 𝑀𝑠𝑖𝑛(𝜔𝑑𝑡 + 𝛽)                                                                                           

 

where 

 

 𝑀 = �(∑ 𝐵𝑖𝑐𝑜𝑠𝜙𝑖𝑛
𝑖=1 )2 + (∑ 𝐵𝑖𝑠𝑖𝑛𝜙𝑖)𝑛

𝑖=1
2   , 𝐵 = 𝐴𝑖𝜔

�1−𝜁
𝑒−𝜁𝜔(𝑡−𝑡0) ,𝜙𝑖 = 𝜔𝑑𝑡 𝑖        

 

 𝐴𝑖 and  𝑡 𝑖 are the amplitude and time locations of the impulses [14]. 

 

        The residual signal mode vibration amplitude of the impulse response is 

obtained at the time of the last impulse 𝑡𝑁 as 

 

𝑉 = �𝑉12 + 𝑉22                                                                                                        (3.7) 

 

where 

 

𝑉1 = ∑ 𝐴𝑖𝜔𝑛

�1−𝜁2
𝑁
𝑖=1 𝑒−𝜁𝜔𝑛(𝑡𝑁−𝑡𝑖) cos(𝜔𝑑𝑡𝑖) ;   𝑉2 = ∑ 𝐴𝑖𝜔𝑛

�1−𝜁2
𝑁
𝑖=1 𝑒−𝜁𝜔𝑛(𝑡𝑁−𝑡𝑖)sin (𝜔𝑑𝑡𝑖)  

 

to achieve zero sway after the last impulse, it is required that both V1 and V2 in 

Equation (4.0) are independently zero. In order to ensure that the shaped command 

input produces the same rigid body motion as the unshaped reference command, it is 

required that the sum of amplitudes of the impulses is unity [14].  
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this yield the unity amplitude summation constraint as 

 

∑ 𝐴𝑖 = 1𝑁
𝑖=1                                                                                                              

 

      In order to avoid response delay, time optimality constraint is utilized. The first 

impulse is selected at time   𝑡1=0 and the last impulse must be at minimum, 

i.e.min(𝑡𝑁 ) [14]. The robustness of the input shaper to errors in natural frequencies 

of the system can be increased by taking the derivatives of V1 and V2 to zero [14].  

 

      Setting the derivatives to zero is equivalent to producing small changes in 

vibration corresponding to the frequency changes [14]. The level of robustness can 

further be increased by increasing the order of derivatives V1 and V2 and set them to 

zero [14]. Thus, the robustness constraints can obtain as 

 
𝑑𝑖𝑉1
𝑑𝜔𝑛

𝑖 = 0 ; 𝑑
𝑖𝑉2

𝑑𝜔𝑛
𝑖 = 0                                                                                                    

 

simplifying 𝑑
2𝑉𝑖
𝑑𝜔𝑛

2  , yields 

 
𝑑2𝑉1
𝑑𝜔𝑛

2 = ∑ 𝐴𝑖𝑡𝑖2𝑒−𝜁𝜔𝑛(𝑡𝑁−𝑡𝑖)𝑁
𝑖=1 sin(𝜔𝑑𝑡𝑖) ;  

                                                                                                                                 (3.8) 
𝑑2𝑉2
𝑑𝜔𝑛

2 = ∑ 𝐴𝑖𝑡𝑖2𝑒−𝜉𝜔𝑛(𝑡𝑁−𝑡𝑖)𝑐𝑜𝑠(𝜔𝑑𝑡𝑖)𝑁
𝑖=1   

                                                                

      The input shaper, i.e. four-impulse sequence is obtained by setting Equation (3.7) 

and (3.8) to zero and solving with the other constraint equations. Hence, a four-

impulse sequence can be obtained with the parameters as 

 

𝑡1 = 0, 𝑡2 = 𝜋
𝜔𝑑

 , 𝑡3 = 2𝜋
𝜔𝑑

 , 𝑡4 = 3𝜋
𝜔𝑑

  

𝐴1 = 1
1+3𝐾+3𝐾2+𝐾3

,𝐴2 = 3𝐾
1+3𝐾+3𝐾2+𝐾3

                                                                   (3.9) 

𝐴3 = 3𝐾2

1+3𝐾+3𝐾2+𝐾3
,𝐴4 = 𝐾3

1+3𝐾+3𝐾2+𝐾3
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where 

𝐾 = 𝑒
− 𝜁𝜋

�1−𝜁2 ,   𝜔𝑑 = 𝜔𝑛�1 − 𝜁2            

 

where 𝜔𝑛 and 𝜁 representing the natural frequency and damping ratio respectively. 

For the impulses, 𝑡𝑗 and 𝐴𝑗 are the time location and amplitude of impulses 𝑗 

respectively. 

 

3.5 Develop positive input shaping 

 

      For this project, positive input shaping controller of anti sway control is 

developed for the system. Based on research that has been reviewed, input shaping 

technique can reduce the sway of a system significantly. The positive input shaping 

control scheme will divide into three types which are positive zero sway (PZS), 

positive zero sway derivative (PZSD) and positive zero sway derivative-derivative 

(PZSDD) and each of the positive input shaping contains different values of 

impulses. 

 

      Zero sway (ZS) shaper consists of two impulses response as shown in Figure 3.4. 

ZS shaper does not take robustness constraint into account. It only considers zero 

residual sway, unity amplitude summation and time optimality constraints. 

 

                                                        A1         A2 

 

 

  

                                                         t0                 t1 

 

                                                 Figure 3.4: Zero Sway 
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      Zero Sway-Derivative (ZSD) shaper consists of 3 impulses response as shown in 

Figure 3.5. The constraints equations considered in designing of ZSD shaper are zero 

residual sway, unity amplitude summation, time optimality constraints and first order 

robustness constraint equation. 

 

                                                             A2           

                                               A1                  A3 

 

          

                                                t0        t1               t2 

 

                                  Figure 3.5: Zero Sway Derivatives 

 

      Zero Sway-Derivative-Derivative (ZSDD) shaper consists of four impulses 

response as shown in figure 3.6. The constraints equations considered in designing of 

ZSDD shaper are zero residual sway, unity amplitude summation, time optimality 

constraints and second order robustness constraint equation. 

 

 

                                                          A2     A3 

 

                                                 A1                        A4 

 

                                                  to          t1             t2          t3 

                                                   

                              Figure 3.6: Zero Sway Derivative Derivatives 
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3.5.1    The bang-bang torque of input shaping design in simulation 

 

       The bang-bang input of positive input shaping were generated through 

convolution of it impulses. The Figures 3.7, 3.8 and 3.9 show the bang-bang input of 

positive zero sway (PZS) shaper, positive zero sway derivative (PZSD) shaper and 

positive zero sway derivative-derivative (PZSDD) shaper in simulation. 

 

 
Figure 3.7: Bang -bang input of positive zero sway (PZS) response in simulation 
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Figure 3.8: Bang-bang input of positive zero sway derivatives (PZSD) in simulation 

 

 

 
Figure 3.9: Bang-bang input of positive zero sway derivative-derivative (PZSDD) in 

simulation  
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3.5.2    The bang-bang torque of input shaping design in experimental 

 

       The bang-bang input of positive input shaping were generated through 

convolution of it impulses. The Figures 3.10, 3.11 and 3.12 show the bang-bang 

input of positive zero sway (PZS) shaper, positive zero sway derivative (PZSD) 

shaper and positive zero sway derivative-derivative (PZSDD) shaper in 

experimental. 

 

 

    
                Figure 3.10: bang-bang input of positive zero sway (PZS) response 
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Figure 3.11: bang-bang input of positive zero sway derivative (PZSD) response 

 

 

 
Figure 3.12: bang-bang input of positive zero sway derivative-derivative (PZSDD) 

response 
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3.6     Simulation Studies 

 

         The output signal that generated from simulation will give preliminary result of 

angle sway, position and velocity for positive zero sway (PZS), positive zero sway 

derivatives (PZSD) and positive zero sway derivative-derivative (PZSDD). Figure 

3.13 show the simulink model of double pendulum type overhead crane with 

different derivative order of input shaping technique. 

 

        The output signal then use as reference for the experimental of reducing sway 

angle of double pendulum type overhead crane system. Simulation result of the 

response of the double pendulum type overhead crane (DPTOC) system to the 

shaped input is presented in time and frequency domains. 

 

 

 
 

            Figure 3.13: Simulink model of double pendulum type overhead crane  
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3.7 Experimental Studies 

 

      The experiments will be conducted by using CEMTools software, MATLAB 

software, Swing up inverted pendulum system and I/O board hardware to achieve the 

same output as the simulation studies. The unshaped bang-bang torque input is 

designed in SIMTools to determined characteristic parameter of the system for the 

design and evaluation of the positive input shaping technique. The experimental is 

continued to find the natural frequency 𝜔𝑛 by taking the highest amplitude in the 

power spectral density PSD response and the multiply it with 2π to get the natural 

frequency that will be used in coding in CEMTools.  

 

      Performances of the shapers are examined in terms of swing angle reduction and 

time response specifications. Finally, a comparative assessment of the control 

techniques is presented and discussed. As shown in Figure 3.14 the experimental 

study was developed by using CEMTools interface with Real Gain Swing-Up 

Inverted Pendulum and the block diagram for SIMtool Model Design without 

controller is shown in Figure 3.15. 

 

 

     
 

Figure 3.14: Interfacing connection between CEMTools and Real Gain 

Swing-Up Inverted Pendulum 
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Figure 3.15: A SIMTool Model Design without controller 
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the configurations for parameter settings of unshaped bang-bang torque input are 

shown in Figures 3.16 - 3.19. 

 

 

 
 

Figure 3.16: Parameter Setting for Step 1 

 
 

Figure 3.17: Parameter Setting for Step 2 
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Figure 3.18: Parameter Setting for Step 3 

 

 
 

Figure 3.19: Parameter setting for step 4 
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3.8 Verification of Control Model Design   

 

       The coding for positive input shaping in M-file mode is converted to CEM 

mode. The coding is run in CEM mode and the variable is stored in workspace in 

SIMTool. The variable stored in workspace is depending on the derivatives of input 

shaping  

 

      After the coding has been run in CEMTools, the result will be stored in 

workspace under the name of ‘ans’. Using ‘ans’ from the workspace, SIMTool 

model was started to obtain the graph result for sway angle and position for double 

pendulum type overhead crane. The configurations of workspace in SIMTool model 

is shown in Figure 3.20: 

 

 

 
 

Figure 3.20: Configuration of workspace 
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3.9 Data Collection and Analysis Controller Design 

 

      Figure 3.21 show a complete design model based on the positive input shaping 

technique. The different derivatives of the positive input shaping are used to evaluate 

the performance of the system. The experiment result for the responses of double 

pendulum type overhead crane will be analyzed and compared between PZS, PZSD 

and PZSDD shaper to decide which is more efficient to reduce a sway angle of the 

pendulum. 

 

 

 

 

Figure 3.21: A SIMTool Model Design with controller 

 

        

  

 

 

 



 

 

 

 

 

CHAPTER 4 

 

 

 

 

RESULTS AND ANALYSIS 

 

 

 

 

4.1 Introduction 

 

      This chapter will discuss all the result which are simulation and experimental results. 

Each of the results were presented and analyzed. The simulation studies were done using 

MATLAB 7.6 and experimental studies were done using CEMTools with Real Gain 

Swing-Up Inverted Pendulum. The results and analysis will divide into four major 

sections: 

i. Simulation result using Matlab software 

ii. Experimental result using CEMTools software 

iii. Comparative assessment of input shaping techniques  

iv. Result analysis   
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4.2      Simulation result using MATLAB software 

 

       Simulation results were obtained by using MATLAB software. After executing the 

positive input shaping coding in MATLAB software, all the variable were stored in 

workspace will be used in DPTOC model design to simulink the result. Simulation 

results of the response of the DPTOC system to the shaper input are presented in time 

and frequency domains. Performances of the shapers are examined in terms of swing 

angles reduction and time response specifications. Finally a comparative assessment of 

the control techniques is presented and discussed. 

 

4.2.1 Results simulation of uncontrolled double pendulum type overhead crane 

 

       Figures 4.1- 4.5 show the power spectra density, swing angle of hook and load 

response and its trolley position of overhead crane system without input shaping 

controller. The results were used to evaluate the performance of the positive input 

shaping technique by comparing the results of uncontrolled overhead crane with 

controlled overhead crane. 
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Figure 4.1: Response of the power spectral density hook swing angle 

 

 

Figure 4.2: Response of the power spectral density load swing angle 
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Figure 4.3: Response of the hook swing angle 

 

Figure 4.4: Response of the load swing angle 
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Figure 4.5: Response of the trolley position  

 

4.2.2 Result simulation of positive zero sway (PZS) shaper 

 

Figures 4.6 - 4.10 show the power spectra density, swing angle of hook and load 

response and its trolley position of overhead crane system after positive zero sway (PZS) 

shaper being applied to the system. 
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Figure 4.6: Response of the power spectral density hook swing angle with PZS shaper 

 

 

Figure 4.7: Response of the power spectral density load swing angle with PZS shaper 
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Figure 4.8: Response of the hook swing angle with PZS shaper 

 

 

Figure 4.9: Response of the load swing angle with PZS shaper 
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Figure 4.10: Response of the trolley position with PZS shaper 

 

4.2.3 Result simulation of positive zero sway derivative (PZSD) shaper. 

 

        Figures 4.11 - 4.15 show the power spectra density, swing angle of hook and load 

response and its trolley position of overhead crane system after positive zero sway 

derivative (PZSD) shaper being applied to the system. 
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Figures 4.11: Response of the power spectral density hook swing angle with PZSD 
shaper 

 

Figures 4.12: Response of the power spectral density load swing angle with PZSD 
shaper 
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Figure 4.13: Response of the hook swing angle with PZSD shaper 

 

Figure 4.14: Response of the load swing angle with PZSD shaper 
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Figure 4.15: Response of the trolley position with PZSD shaper 

 

 

4.2.4    Simulation result of positive zero sways derivative-derivative (PZSDD)    

            shaper.  

 

        Figures 4.16 - 4.20 show the power spectra density, swing angle of hook and load 

response and its trolley position of overhead crane system after positive zero sway 

derivative - derivative (PZSDD) shaper being applied to the system. 
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Figure 4.16: Response of the power spectral density hook sway angle with PZSDD 
shaper 

 

 

Figure 4.17: Response of the power spectral density load sway angle with PZSDD 
shaper 
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      Figure 4.18: Response of the hook swing angle with PZSDD shaper 

 

 

     Figure 4.19: Response of the load swing angle with PZSDD shaper 
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          Figure 4.20: Response of the trolley position with PZSDD 

 

 

4.3 Comparative assessment of input shaping techniques in simulation results 

    

       From the simulation result of the PZS, PZSD and PZSDD shaper in term of power 

spectral density, hook sway angle, load sway angle and trolley position were be 

compared with each other to show the different effect of the positive input shaper 

derivative order in terms of level of sway reduction and time response specification. The 

comparison simulation result of input shaping is shown below.     
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4.3.1 Comparison of power spectral density in simulation result 

 

        Figures 4.21 and 4.22 shows the comparison of power spectral density of hook and 

load sway angle between positive zero sway (PZS), positive zero sway derivative 

(PZSD) and positive zero sway derivative-derivative (PZSDD) shaper in simulation 

result. The first three mode of sway of the system are considered, as these dominate the 

dynamic of the system. The sway frequencies for both hook and load sway angle were 

obtained as 0.4883 Hz, 1.099 Hz and 1.587 Hz for the first three modes of sway. The 

attenuation of level of sway angle data in power spectral density was analyzed of each 

type of shaper. 

 

 
        Figure 4.21: Power spectral density at hook swing angle in simulation result 
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       Figure 4.22: Power spectral density at load swing angle in simulation result 

 

 

4.3.2 Comparison of sway angle in simulation result 

 

       Figures 4.23 and 4.24 shows the comparison of the hook and load sway angle 

response between positive zero sway (PZS), positive zero sway derivative (PZSD) and 

positive zero sway derivative-derivative (PZSDD) shaper in simulation result. From the 

comparison, show that the level sway angles were significantly reduced with the 

increasing of positive input shaping derivative order. 
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                  Figure 4.23: Response of the hook swing angle in simulation results 

 

       
    Figure 4.24: Response of the load swing angle in simulation result 

 

0  5 10  15 20  25 30 
-0.01

-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

0.01

Time (s)

Ho
ok

 S
wi

ng
 A

ng
le 

(ra
d)

 

 
PZS
PZSD
PZSDD

0  5 10 15 20 25 30 
-0.01

-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

0.01

Time (s)

Lo
ad

 S
wi

ng
 A

ng
le 

(ra
d)

 

 
PZS
PZSD
PZSDD



49 

4.3.3 Comparison of trolley position in simulation result. 

 

         Figure 4.25 shows the comparison of the trolley position response between positive 

zero sway (PZS), positive zero sway derivative (PZSD) and positive zero sway 

derivative-derivative (PZSDD) shaper in simulation result. The position of the trolley 

keeps reducing with higher derivative order of positive input shaping. Therefore, the 

speed of the system response were reduces with the increasing the number of impulse 

sequence. The corresponding rise time, settling time and overshoot of the trolley 

position response were be analyzed. 

 

 

                   Figure 4.25: Response of the trolley position in simulation result 
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4.4     Simulation result analysis 

 

         The simulation result analysis of this project were done by investigating the effect 

of each positive input shaper derivative order in terms of attenuation sway of the cable 

and specification of trolley position response. For the sway suppression schemes, PZS, 

PZSD and PZSDD are designed based on the sway frequencies and damping ratios of 

the DPTOC system.  

 

        The responses of the DPTOC system to the unshaped input were analyzed in time-

domain and frequency domain (spectral density). These simulation results were 

considered as the system response to the unshaped input and will be used to evaluate as 

the performance of the input shaping technique. 

  

        High level of sway reduction were obtained using positive zero sway derivative-

derivative (PZSDD) shaper as compare to the case with using positive zero sway (PZS) 

and positive zero sway derivative (PZSD) on the double pendulum type overhead crane 

(DPTOC) system. The corresponding rise time, settling time and overshoot of the trolley 

position response of each positive input shaper derivative order is depicted in simulation 

table analysis. 

 

 

4.4.1 Simulation result analysis of input shaping 

   

        Table 4.1 show summaries the levels of sway reduction of the system responses at 

the first three modes in simulation results. By comparing the result presented in table 

4.1, it is noted that the higher performance in the reduction of sway of the system is 

achieved using positive zero sway derivative-derivative (PZSDD) shaper. This is 

observed and compared with the positive zero sway (PZS) and positive zero sway 

derivative (PZSD). 
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Table 4.1: Level of sway reduction of the hoisting angle of the pendulum and 

specification of trolley position response in simulation results 

 
 

Types 
of      

shaper 

 
 
        Swing angle 

Attenuation (dB) of sway 
of the cable 

Specification of trolley 
position response 

 
  Mode 1 

 
  Mode 2 

 
  Mode 3  Rise time 

(s) 
Settling 
time (s) 

Overshoot 
     (%) 

   PZS 
 
 

Hook swing angle, θ1 40.18 52.35 43.71  

    2.425 
 

   2.985 
 

   7.427 
Load swing angle, θ2 40.42 53.11 53.19 

  PZSD Hook swing angle, θ1 46.96 81.67 61.16  

    2.905 
 

   4.701 
 

   0.677 
Load swing angle, θ2 48.69 91.81 75.11 

 PZSDD Hook swing angle, θ1 48.84 102.6 79.05   
    3.255 

 
   6.039 

 

   0.003 
Load swing angle, θ2 50.66 107.6 95.81 

 

 

         For comparative assessment in simulation, the levels of sway reduction of the 

hoisting angles of the hook and load sway angle of each positive input shaper derivative 

order PZS, PZSD and PZSDD shapers are shown with the bar graphs in Figure 4.26 and 

Figure 4.27, respectively. The result shows that, highest level of sway reduction is 

achieved in control schemes using the positive zero sway derivative-derivative (PZSDD) 

shaper, followed by using positive zero sway derivative (PZSD) shaper and lastly using 

positive zero sway (PZS) shaper for all modes of sway, for both of hook and load swing 

angles.  

 

        Therefore, it can be concluded that the positive zero sway derivative-derivative 

(PZSDD) shaper provide better performance in sway reduction, followed by using 

positive zero sway derivative (PZSD) shaper and lastly by using positive zero sway 

(PZS) shaper in overall.  
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          Figure 4.26: Level of sway reduction for hook swing angle in simulation 

 
              

             Figure 4.27: Level of sway reduction for load swing angle in simulation 
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         Comparisons of the specifications of the trolley position response of input shaping 

control schemes of each positive input shaper derivative order in simulation are 

summarized in Figure 4.28 for the rise times and settling times. It is noted that settling 

time of the cart position response by using the positive zero sway (PZS) shaper is faster 

than the case using the positive zero sway derivative-derivative (PZSDD) shaper. It 

shows that, in term of settling time, the speed of the system response can be improved 

by using the positive zero sway (PZS) shaper.  

 

 

 

 
 

                     Figure 4.28: Time response specifications in simulation 
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4.5 Experimental result using CEMTools software 

        

        Experimental results were obtained by using both CEMTool and MATLAB 

software. After executing the positive input shaping coding in CEMTool, all the 

variables were stored in workspace will be used in SIMTool Model design of the double 

pendulum type overhead crane system. The experimental results from CEMTool then 

were being transferred into MATLAB software to get the final result. The experimental 

responses investigated are examined in terms of swing angles reduction and time 

response specifications. Finally a comparative assessment of the control techniques is 

presented and discussed. 

 

 

4.5.1 Results experimental of uncontrolled double pendulum type overhead crane 

 

        Figures 4.29- 4.33 show the power spectra density, swing angle of hook and load 

response and its trolley position of overhead crane system without input shaping 

controller. The results were used to evaluate the performance of the positive input 

shaping technique by comparing the results of uncontrolled overhead crane with 

controlled overhead crane.  
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Figure 4.29: Power Spectra Density at hook sway angle without controller 
 

 

Figure 4.30: Power Spectra Density at load sway angle without controller 
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Figure 4.31: Hook sway angle without controller 

   

Figure 4.32: Load sway angle without controller 
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Figure 4.33: Position of the cart without controller 

 

4.5.2 Results experimental of positive zero sway (PZS) shaper 

 

Figures 4.34 - 4.38 show the power spectra density, swing angle of hook and 

load response and its trolley position of overhead crane system after positive zero sway 

(PZS) shaper being applied to the system. 
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Figure 4.34: Power Spectra Density of hook sway angle with PZS input shaper 

 

 

Figure 4.35: Power spectral density of load sway angle with PZS input shaper 
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Figure 4.36: Hook swing angle with PZS input shaper 

 

  

Figure 4.37: Load swing angle with PZS input shaper 
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            Figure 4.38: Position of cart with PZS input shaper 

 

 

4.5.3 Result experimental of positive zero sway derivative (PZSD) shaper. 

 

        Figures 4.39 - 4.43 show the power spectra density, swing angle of hook and load 

response and its trolley position of overhead crane system after positive zero sway 

derivative (PZSD) shaper being applied to the system. 
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Figure 4.39: Power spectral density at hook sway angle with PZSD input shaper 

 

 

Figure 4.40: Power spectral density at load sway angle with PZSD input shaper 
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Figure 4.41: Hook swing angle with PZSD input shaper 

 

 

Figure 4.42: Load swing angle with PZSD input shaper 
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Figure 4.43: Position of cart with PZSD input shaper 

 

 

4.5.4 Positive zero sway derivative-derivative (PZSDD) shaper.  

 

        Figures 4.44 - 4.48 show the power spectra density, swing angle of hook and load 

response and its trolley position of overhead crane system after positive zero sway 

derivative - derivative (PZSDD) shaper being applied to the system. 
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Figure 4.44: Power spectral density at hook sway angle with PZSDD input shaper 
 

 

Figure 4.45: Power spectral density at load sway angle with PZSDD input shaper. 
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Figure 4.46: Hook swing angle with PZSDD input shaper 
 

 

Figure 4.47: Load swing angle with PZSDD input shaper 
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Figure 4.48: Position of the cart with PZSDD input shaper 

 

 

4.6 Comparative assessment of input shaping techniques in experimental results 

    

       From the experimental result of the PZS, PZSD and PZSDD shaper in term of 

power spectral density, hook sway angle, load sway angle and trolley position will be 

compared with each other to show the different effect of the positive input shaper 

derivative order in terms of level of sway reduction and time response specification. The 

comparison experimental result of input shaping is shown below.     
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4.6.1 Comparison of power spectral density in experimental result 

 

        Figures 4.49 and 4.50 shows the comparison of power spectral density of hook and 

load sway angle between positive zero sway (PZS), positive zero sway derivative 

(PZSD) and positive zero sway derivative-derivative (PZSDD) shaper in experimental 

result. The first three mode of sway of the system are considered, as these dominate the 

dynamic of the system. The sway frequencies for both hook and load sway angle were 

obtained as 0.977 Hz, 1.953 Hz and 2.686 Hz for the first three modes of sway. The 

attenuation of level of sway angle data in power spectral density was analyzed of each 

type of shaper. 

 

 

    
 

Figure 4.49: Power spectral density of the hook swing angle in experimental result 
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Figure 4.50: Power spectral density of the load swing angle in experimental result 

 

 

4.6.2 Comparison of Sway Angle in experimental result. 

 

       Figures 4.51 and 4.52 show the comparison of the hook and load sway angle 

response between positive zero sway (PZS), positive zero sway derivative (PZSD) and 

positive zero sway derivative-derivative (PZSDD) shaper in experimental result. From 

the comparison show that the level sway angle were significantly reduced with the 

increasing of positive input shaping derivative order.  
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Figure 4.51: Response of the hook swing angle in experimental result 

 

 
Figure 4.52: Response of the load swing angle in experimental result 
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4.6.3 Comparison of trolley position in experimental result. 

         

        Figure 4.53 shows the comparison of the trolley position response between positive 

zero sway (PZS), positive zero sway derivative (PZSD) and positive zero sway 

derivative-derivative (PZSDD) shaper in experimental result. The position of the trolley 

keeps reducing with higher derivative order of positive input shaping. Therefore, the 

speed of the system response were reduces with the increasing the number of impulse 

sequence. The corresponding rise time, settling time and overshoot of the trolley 

position response were be analyzed.  

 

 

       Figure 4.53: Response of the trolley position in experimental result 
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4.7     Experimental result analysis 

 

         The experimental result analysis of this project were done by investigating the 

effect of each positive input shaper derivative order in terms of attenuation sway of the 

cable and specification of trolley position response. For the sway suppression schemes, 

PZS, PZSD and PZSDD are designed based on the sway frequencies and damping ratios 

of the DPTOC system.  

 

        The responses of the DPTOC system to the unshaped input were analyzed in time-

domain and frequency domain (spectral density). These experimental results were 

considered as the system response to the unshaped input and will be used to evaluate as 

the performance of the input shaping technique. 

 

        High level of sway reduction were obtained using positive zero sway derivative-

derivative (PZSDD) shaper as compare to the case with using positive zero sway (PZS) 

and positive zero sway derivative (PZSD) on the double pendulum type overhead crane 

(DPTOC) system. The corresponding rise time, settling time and overshoot of the trolley 

position response of each positive input shaper derivative order is depicted in 

experimental table analysis. 

 

4.7.1 Experimental result analysis of input shaping 

 

        Table 4.2 show summaries the levels of sway reduction of the system responses at 

the first three modes in experimental results. Comparing the result presented in table 4.2, 

it is noted that the higher performance in the reduction of sway of the system is achieved 

using positive zero sway derivative-derivative (PZSDD) shaper. This is observed and 

compared with the positive zero sway (PZS) and positive zero sway derivative (PZSD).  
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Table 4.2: Level of sway reduction of the hoisting angle of the pendulum and 

specification of trolley position response in experimental results 

 
 

Types 
of      

shaper 

 
 
        Swing angle 

Attenuation (dB) of sway 
of the cable 

Specification of trolley 
position response 

 
  Mode 1 

 
  Mode 2 

 
  Mode 3  Rise time 

(s) 
Settling 
time (s) 

Overshoot 
     (%) 

   PZS 
 
 

Hook swing angle, θ1 09.91 24.38 11.95  

    1.4114 
 

   2.8222 
 

   0.0036 
Load swing angle, θ2 09.30 14.86 13.45 

  PZSD Hook swing angle, θ1 14.46 28.19 11.95  

    1.4007 
 

   3.8834 
 

   0.0257 
Load swing angle, θ2 15.31 42.01 20.97 

 PZSDD Hook swing angle, θ1 16.18 37.62 18.38   
    1.7517 

 
   4.3984 

 

   1.0986 
Load swing angle, θ2 15.73 42.86 23.55 

 

 

 

        For comparative assessment, the levels of sway reduction of the hoisting angles of 

the hook and load sway angle of each positive input shaper derivative order PZS, PZSD 

and PZSDD shapers in experimental result are shown with the bar graphs in Figure 4.54 

and Figure 4.55, respectively. The result shows that, highest level of sway reduction is 

achieved in control schemes using the positive zero sway derivative-derivative (PZSDD) 

shaper, followed by using positive zero sway derivative (PZSD) shaper and lastly using 

positive zero sway (PZS) shaper for all modes of sway, for both of hook and load swing 

angles.  

 

        Therefore, it can be concluded that the positive zero sway derivative-derivative 

(PZSDD) shaper provide better performance in sway reduction, followed by using 

positive zero sway derivative (PZSD) shaper and lastly by using positive zero sway 

(PZS) shaper in overall.  
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Figure 4.54: Level of sway reduction for hook swing angle in experimental result. 

 

 

 
 

Figure 4.55: Level of sway reduction for load swing angle in experimental result. 
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         Comparisons of the specifications of the trolley position response of input shaping 

control schemes of each positive input shaper derivative order in experimental result are 

summarized in Figure 4.56 for the rise times and settling times. It is noted that settling 

time of the cart position response by using the positive zero sway (PZS) shaper is faster 

than the case using the positive zero sway derivative-derivative (PZSDD) shaper. It 

shows that, in term of settling time, the speed of the system response can be improved 

by using the positive zero sway (PZS) shaper.  

 

 

 
 

Figure 4.56: Time response specifications in experimental result 
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CHAPTER 5 

 

 

 

 

CONCLUSION 

 

 

 

 

5.0 Conclusion 

 

 The positive input shaping has been successfully developed to control the sway 

double pendulum type overhead crane system. The objectives set in this project had been 

successfully fulfilled such that a controller to control the sway of double pendulum type 

overhead crane system has been developing using positive input shaping technique. 

Besides, the effects of the difference derivative order of the positive input shaper in 

terms of level of sway reduction and time response specifications has been studied. The 

comparison has been made so that the most effective positive input shaper can be 

determined.  

 

 From the experimental results obtained and discussion, some conclusions have 

been made. A significant reduction in the system sway has been achieved with positive 

input shaping techniques. Besides, the level of sway-angle reduction improved with the 

increase in the number of impulses of the shapers which proved PZSDD to be the most 

effective positive input shaper. 
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5.1 Limitation of the Project 

 

 In this project, the investigation into the positive input shaping control of the 

double pendulum type overhead crane is done by using MATLAB and CEMTool 

software. Even though the double pendulum type overhead crane system is modeled 

using the Euler-Lagrange formulation, there is still difference between the model and the 

actual double pendulum types overheat crane system. Even when applying the technique 

to the Real Gain Swing-Up Inverted Pendulum system, the result might not be the same 

with the actual system because the parameter is not same. 

  

 

5.2 Future work Recommendation 

 

 For future work, this technique can be considered to be applied to the real 

application at the industry. This way it can improve this technique and enhancing the 

industrial application.  
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Positive Zero Sway (PZS)  

 

starting_time=0; 

simulation_time=30; 

sampling_time=0.001; 

t=starting_time:sampling_time:simulation_time; 

  

%Bang-bang torque uncontroller 

  

for i=(0/sampling_time)+1:(1/sampling_time)+1 

    u(i,1)=1; 

end 

for i=(1/sampling_time)+1:(2/sampling_time)+1 

    u(i,1)=-1; 

end 

for i=(2/sampling_time)+1:(30/sampling_time)+1 

    u(i,1)=0; 

end 

  

  

% Positive ZS shaper (2-impulse) 

% mode 1 

  

pi=22/7; 

z1=0.01; 

k1=exp((-z1*pi)/((1-z1^2)^0.5)); 

wn1=0.4883*2*pi; 

wd1=wn1*(sqrt(1-z1^2)); 
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%Determine the amplitudes and time location of the input shaper 

  

ip=2; 

  

    tt1a(1)=0; 

    tt1a(2)=pi/wd1; 

    A1a(1)=1/(1+k1); 

    A1a(2)=A1a(1)*k1; 

     

tt1a=tt1a./0.001; 

tt1a=round(tt1a); 

tt1a=tt1a.*0.001; 

  

for i=1 

    v1a(i,1)=A1a(1); 

end 

  

ni=1; 

while ni<=ip-1 

    for i=((tt1a(ni)/sampling_time)+2):((tt1a(ni+1)/sampling_time)+1) 

        v1a(i,1)=0; 

    end 

    for i=(tt1a(ni+1)/sampling_time)+1 

        v1a(i,1)=A1a(ni+1); 

    end 

    ni=ni+1; 

end 

  

for i=((tt1a(ni)/sampling_time)+2):((30/sampling_time)+1) 

    v1a(i,1)=0; 

end 
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 %mode 2 

  

pi=22/7; 

z2=0.02; 

k2=exp((-z2*pi)/((1-z2^2)^0.5)); 

wn2=1.099*2*pi; 

wd2=wn2*(sqrt(1-z2^2)); 

 

%Determine the amplitudes and time location of the input shaper 

  

ip=2; 

  

    tt2a(1)=0; 

    tt2a(2)=pi/wd2; 

    A2a(1)=1/(1+k2); 

    A2a(2)=A2a(1)*k2; 

     

tt2a=tt2a./0.001; 

tt2a=round(tt2a); 

tt2a=tt2a.*0.001; 

  

for i=1 

    v2a(i,1)=A2a(1); 

end 

  

ni=1; 

while ni<=ip-1 

    for i=((tt2a(ni)/sampling_time)+2):((tt2a(ni+1)/sampling_time)+1) 

        v2a(i,1)=0; 

    end 
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for i=(tt2a(ni+1)/sampling_time)+1 

        v2a(i,1)=A2a(ni+1); 

    end 

    ni=ni+1; 

end 

  

for i=((tt2a(ni)/sampling_time)+2):((30/sampling_time)+1) 

    v2a(i,1)=0; 

end 

        

%mode 3 

  

pi=22/7; 

z3=0.03; 

k3=exp((-z3*pi)/((1-z3^2)^0.5)); 

wn3=1.587*2*pi; % 

wd3=wn3*(sqrt(1-z3^2)); 

 

%Determine the amplitudes and time location of the input shaper 

  

ip=2; 

  

    tt3a(1)=0; 

    tt3a(2)=pi/wd3; 

    A3a(1)=1/(1+k3); 

    A3a(2)=A3a(1)*k3; 

   

tt3a=tt3a./0.001; 

tt3a=round(tt3a); 

tt3a=tt3a.*0.001; 
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for i=1 

    v3a(i,1)=A3a(1); 

end 

  

ni=1; 

while ni<=ip-1 

    for i=((tt3a(ni)/sampling_time)+2):((tt3a(ni+1)/sampling_time)+1) 

        v3a(i,1)=0; 

    end 

    for i=(tt3a(ni+1)/sampling_time)+1 

        v3a(i,1)=A3a(ni+1); 

    end 

    ni=ni+1; 

end 

  

for i=((tt3a(ni)/sampling_time)+2):((30/sampling_time)+1) 

    v3a(i,1)=0; 

end 

  

  

imp1a=conv(v1a,v2a); 

imp2a=conv(imp1a,v3a); 

impa=imp2a(1:(30/sampling_time)+1); 

  

shp1a=conv(impa,u); 

PZS=shp1a(1:(30/sampling_time)+1); 
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Positive Zero Sway Derivative (PZSD)  

 

 
starting_time=0; 

simulation_time=30;                                                                                                       

sampling_time=0.001; 

t=starting_time:sampling_time:simulation_time; 

 

%Bang-bang torque uncontroller 

 

for i=(0/sampling_time)+1:(1/sampling_time)+1 

u(i,1)=1; 

end 

for i=(1/sampling_time)+1:(2/sampling_time)+1 

u(i,1)=-1; 

end 

for i=(2/sampling_time)+1:(30/sampling_time)+1 

u(i,1)=0; 

end 

 

% Positive ZSD shaper (3-impulse) 

% mode 1 

 

pi=22/7; 

z1=0.01; 

k1=exp((-z1*pi)/((1-z1^2)^0.5)); 

wn1=0.4883*2*pi; 

wd1=wn1*(sqrt(1-z1^2)); 
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%Determine the amplitudes and time location of the input shaper 

 

ip=3; 

 

tt1b(1)=0; 

tt1b(2)=pi/wd1; 

tt1b(3)=2.*tt1b(2); 

A1b(1)=1/(1+2.*k1+k1.^2); 

A1b(2)=A1b(1)*2*k1; 

A1b(3)=A1b(1)*k1^2; 

 

tt1b=tt1b./0.001; 

tt1b=round(tt1b); 

tt1b=tt1b.*0.001; 

 

for i=1 

v1b(i,1)=A1b(1); 

end 

 

ni=1; 

while ni<=ip-1 

for i=((tt1b(ni)/sampling_time)+2):((tt1b(ni+1)/sampling_time)+1) 

v1b(i,1)=0; 

end 

for i=(tt1b(ni+1)/sampling_time)+1 

v1b(i,1)=A1b(ni+1); 

end 

ni=ni+1; 

end 
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for i=((tt1b(ni)/sampling_time)+2):((30/sampling_time)+1) 

v1b(i,1)=0; 

end 

 

%mode 2 

 

pi=22/7; 

z2=0.02; 

k2=exp((-z2*pi)/((1-z2^2)^0.5)); 

wn2=1.099*2*pi; 

wd2=wn2*(sqrt(1-z2^2)); 

 

%Determine the amplitudes and time location of the input shaper 

 

ip=3; 

 

tt2b(1)=0; 

tt2b(2)=pi/wd2; 

tt2b(3)=2.*tt2b(2); 

A2b(1)=1/(1+2.*k2+k2.^2); 

A2b(2)=A2b(1)*2*k2; 

A2b(3)=A2b(1)*k2^2; 

 

tt2b=tt2b./0.001; 

tt2b=round(tt2b); 

tt2b=tt2b.*0.001; 

 

for i=1 

v2b(i,1)=A2b(1); 

end 
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ni=1; 

while ni<=ip-1 

for i=((tt2b(ni)/sampling_time)+2):((tt2b(ni+1)/sampling_time)+1) 

v2b(i,1)=0; 

end 

for i=(tt2b(ni+1)/sampling_time)+1 

v2b(i,1)=A2b(ni+1); 

end 

ni=ni+1; 

end 

 

for i=((tt2b(ni)/sampling_time)+2):((30/sampling_time)+1) 

v2b(i,1)=0; 

end 

 

%mode 3 

 

pi=22/7; 

z3=0.03; 

k3=exp((-z3*pi)/((1-z3^2)^0.5)); 

wn3=1.587*2*pi; 

wd3=wn3*(sqrt(1-z3^2)); 
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%Determine the amplitudes and time location of the input shaper 

 

ip=3; 

 

tt3b(1)=0; 

tt3b(2)=pi/wd3; 

tt3b(3)=2.*tt3b(2); 

A3b(1)=1/(1+2.*k3+k3.^2); 

A3b(2)=A3b(1)*2*k3; 

A3b(3)=A3b(1)*k3^2; 

 

tt3b=tt3b./0.001; 

tt3b=round(tt3b); 

tt3b=tt3b.*0.001; 

 

for i=1 

v3b(i,1)=A3b(1); 

end 

 

ni=1; 

while ni<=ip-1 

for i=((tt3b(ni)/sampling_time)+2):((tt3b(ni+1)/sampling_time)+1) 

v3b(i,1)=0; 

end 

for i=(tt3b(ni+1)/sampling_time)+1 

v3b(i,1)=A3b(ni+1); 

end 

ni=ni+1; 

end 
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for i=((tt3b(ni)/sampling_time)+2):((30/sampling_time)+1) 

v3b(i,1)=0; 

end 

 

 

imp1b=conv(v1b,v2b); 

imp2b=conv(imp1b,v3b); 

impb=imp2b(1:(30/sampling_time)+1); 

 

shp1b=conv(impb,u); 

PZSD=shp1b(1:(30/sampling_time)+1); 
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Positive Zero Sway Derivative-Derivative (PZSDD) 

 

 
starting_time=0; 

simulation_time=30; 

sampling_time=0.001; 

t=starting_time:sampling_time:simulation_time; 

  

%Bang-bang torque uncontroller 

  

for i=(0/sampling_time)+1:(1/sampling_time)+1 

    u(i,1)=1; 

end 

for i=(1/sampling_time)+1:(2/sampling_time)+1 

    u(i,1)=-1; 

end 

for i=(2/sampling_time)+1:(30/sampling_time)+1 

    u(i,1)=0; 

end 

  

% Positive ZVDD shaper (4-impulse) 

% mode 1 

  

pi=22/7; 

z1=0.01; 

k1=exp((-z1*pi)/((1-z1^2)^0.5)); 

wn1=0.4883*2*pi; 

wd1=wn1*(sqrt(1-z1^2)); 
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%Determine the amplitudes and time location of the input shaper 

  

ip=4; 

  

    tt1c(1)=0; 

    tt1c(2)=pi/wd1; 

    tt1c(3)=2.*tt1c(2); 

    tt1c(4)=3*tt1c(2); 

    A1c(1)=1/(1+3.*k1+3*k1.^2+k1^3); 

    A1c(2)=A1c(1)*3*k1; 

    A1c(3)=A1c(2)*k1; 

    A1c(4)=A1c(1)*k1^3; 

     

tt1c=tt1c./0.001; 

tt1c=round(tt1c); 

tt1c=tt1c.*0.001; 

  

for i=1 

    v1c(i,1)=A1c(1); 

end 

  

ni=1; 

while ni<=ip-1 

    for i=((tt1c(ni)/sampling_time)+2):((tt1c(ni+1)/sampling_time)+1) 

        v1c(i,1)=0; 

    end 

    for i=(tt1c(ni+1)/sampling_time)+1 

        v1c(i,1)=A1c(ni+1); 

    end 

    ni=ni+1; 

end 
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for i=((tt1c(ni)/sampling_time)+2):((30/sampling_time)+1) 

    v1c(i,1)=0; 

end 

  

%mode 2 

  

pi=22/7; 

z2=0.02; 

k2=exp((-z2*pi)/((1-z2^2)^0.5)); 

wn2=1.099*2*pi; 

wd2=wn2*(sqrt(1-z2^2)); 

  

%Determine the amplitudes and time location of the input shaper 

  

ip=4; 

  

    tt2c(1)=0; 

    tt2c(2)=pi/wd2; 

    tt2c(3)=2*tt2c(2); 

    tt2c(4)=3*tt2c(2); 

    A2c(1)=1/(1+3*k2+3*k2^2+k2^3); 

    A2c(2)=A2c(1)*3*k2; 

    A2c(3)=A2c(2)*k2; 

    A2c(4)=A2c(1)*k2^3; 

     

tt2c=tt2c./0.001; 

tt2c=round(tt2c); 

tt2c=tt2c.*0.001; 
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for i=1 

    v2c(i,1)=A2c(1); 

end 

  

ni=1; 

while ni<=ip-1 

    for i=((tt2c(ni)/sampling_time)+2):((tt2c(ni+1)/sampling_time)+1) 

        v2c(i,1)=0; 

    end 

    for i=(tt2c(ni+1)/sampling_time)+1 

        v2c(i,1)=A2c(ni+1); 

    end 

    ni=ni+1; 

end 

  

for i=((tt2c(ni)/sampling_time)+2):((30/sampling_time)+1) 

    v2c(i,1)=0; 

end 

        

%mode 3 

  

pi=22/7; 

z3=0.03; 

k3=exp((-z3*pi)/((1-z3^2)^0.5)); 

wn3=1.587*2*pi; % 

wd3=wn3*(sqrt(1-z3^2)); 
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%Determine the amplitudes and time location of the input shaper 

  

ip=4; 

  

    tt3c(1)=0; 

    tt3c(2)=pi/wd3; 

    tt3c(3)=2*tt3c(2); 

    tt3c(4)=3*tt3c(2); 

    A3c(1)=1/(1+3*k3+3*k3^2+k3^3); 

    A3c(2)=A3c(1)*3*k3; 

    A3c(3)=A3c(2)*k3; 

    A3c(4)=A3c(1)*k3^3; 

     

tt3c=tt3c./0.001; 

tt3c=round(tt3c); 

tt3c=tt3c.*0.001; 

  

for i=1 

    v3c(i,1)=A3c(1); 

end 

  

ni=1; 

while ni<=ip-1 

    for i=((tt3c(ni)/sampling_time)+2):((tt3c(ni+1)/sampling_time)+1) 

        v3c(i,1)=0; 

    end 

    for i=(tt3c(ni+1)/sampling_time)+1 

        v3c(i,1)=A3c(ni+1); 

    end 

    ni=ni+1; 

end 
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for i=((tt3c(ni)/sampling_time)+2):((30/sampling_time)+1) 

    v3c(i,1)=0; 

end 

  

  

imp1c=conv(v1c,v2c); 

imp2c=conv(imp1c,v3c); 

impc=imp2c(1:(30/sampling_time)+1); 

  

shp1c=conv(impc,u); 

PZSDD=shp1c(1:(30/sampling_time)+1); 
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Plot Graf Coding 

 

 

Fs=1000; 

n_fft=8192; 

  

figure(1); 

[Pn,f]=psd(tha,n_fft,Fs); 

plot(f,10*log10(Pn),'-k','linewidth',2);grid on; 

xlabel('Frequency (Hz)','fontsize',12); 

ylabel('Power Spectral Density Hook Swing Angle (dB) ','fontsize',12); 

axis([0 5 -160 20 ]); 

  

figure(2); 

[Pn,f]=psd(thb,n_fft,Fs); 

plot(f,10*log10(Pn),'-k','linewidth',2);grid on; 

xlabel('Frequency (Hz)','fontsize',12); 

ylabel('Power Spectral Density Load Swing Angle (dB) ','fontsize',12); 

axis([0 5 -160 20 ]); 

  

figure(3); 

plot(tha,'-k','linewidth',2); 

axis([0 30000 -0.01 0.01]); 

grid; 

xlabel('Time (s)'); 

ylabel('Hook Swing Angle (rad)'); 
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figure(4); 

plot(thb,'-k','linewidth',2); 

axis([0 30000 -0.01 0.01]); 

grid; 

xlabel('Time (s)'); 

ylabel('Load Swing Angle (rad)'); 

   

figure(5); 

plot(x,'-k','linewidth',2); 

axis([0 30000 0 0.1]); 

grid; 

xlabel('Time (s)'); 

ylabel('Trolley Position (cm)'); 

  

figure(6); 

plot(PZS,'-k','linewidth',1) 

axis([0 30000 -0.6 0.6]); 

grid; 

Title('Bang-bang input of PZS') 

xlabel('Time (s)'); 

ylabel('Bang-bang torque'); 
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