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ABSTRACT 

 

This paper proposes a hybrid controller which combines zero vibration derivative (ZVD) shaper with fuzzy logic 

control (FLC) technique for load hoisting control of a 2-D crane. Crane control is a challenging area in control as it 

is difficut to control unwanted payload sway motion, which results in inaccurate positioning of the payload at the 

target area. In this work, ZVD is designed to minimise payload sway motion while, FLC is designed for trolley 

positioning. Two different approaches are used for the design of the ZVD, first the ZVD is design with parameters of 

the system at maximum hoisting length and secondly it is designed with system’s parameters at average travel 

hoisting length (ATL) to improve the performance of the sway reduction. Mean absolute error (MAE) of the payload 

sway is used as performance index of the controllers. The MAE values of the sway motion for crane with load 

hoisting without controller, with FLC, with FLC and ZVD and with FLC and ATL are found to be 11.3597, 3.5583, 

2.0853 and 1.3508 degrees respectively. The simulation results revealed that the proposed hybrid control technique 

achieved precise payload position with acceptable payload sway reduction. Combined FLC and ATL gives better 

performance as compared to FLC alone and FLC and ZVD. 

. 

Keywords 2D crane, Fuzzy logic control, Hoisting effect, Load sway reduction, Zero vibration derivative. 

 

1. INTRODUCTION 

 

Crane system is an industrial machine generally used 

for loading and unloading containers of different 

weights in factories and construction sites. Crane 

maneuvering are required to be as fast as possible with 

low payload sway motion to increase rate of production 

[1]. Payload hoisting is a vital aspect of crane 

maneuvering which results in generating unwanted 

crane motion such as load bouncing, twisting and 

swinging. The rate of production is heavily affected 

with such unwanted motions that decreases crane 

safety operation performance and affects payload 

positioning accuracy[2]. Oscillation control of a 

suspended load such as in a 2D crane has been an 

interesting field of research. Investigation shows that 

control of oscillation in flexible structures can be 

classified into feedforward and feedback control. 
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Feedforward control adjust the command input signal 

to cancel the system oscillation, while feedback control 

is uses for positioning load and also can estimates the 

system states to reduce the effect of unwanted 

oscillation [3]. Satisfactory system performance can be 

achieved without vibration by developing a combined 

control comprising of feedforward and feedback 

control. Feedforward control help to reduces feedback 

design complexity [4]. 

 

A practical and effective feedforward control technique 

is an input shaping method. Input shaping has been 

commonly for control of residual vibration and 

oscillation in flexible structure [5].This technique is 

use to reduce system vibration by convolving the 

command input signal with a sequences of impulses. 

Input shaping method has been introduced by Singer 

and Seering [6]. Now, several modified input shaping 

techniques have been designed and implemented on 

various flexible systems. These techniques include 

vector diagram approach input shaping [7], negative 

input shapers [8], finite-state input shaping [9]., multi-

hump extra intensive shaper [10], two mode shapers 

[11] and unit magnitude input shaping [12]. These 

techniques have been applied on flexible system such 

as non-linear tower crane [13], a very flexible 

manipulator system [14]. Furthermore, other input 

shapers which are not based on convolving sequence of 

impulses have also been introduced. These include an 

input shaping using system output speed is presented in 

[15], continuous function input shaping in [16] and 

comparison between digital filtering and input shaping 

is proposed in [17]. Input shaping control can’t achieve 

position tracking, therefore; to obtain both oscillation 

and position control a feedback control is required. 

Several feedback control have been implemented on 

flexible structures; these includes optimal control such 

as optimal control for gantry crane payload sway 

motion minimization presents in [18], time-optimal 

control for overhead crane with visual feedback control 

[19], and a practical optimal controller for vibration 

control of underactuated gantry crane system in [20]. 

Intelligent control such as GA-tuned PID with input 

shaping for vibration and tracking control of flexible 

structures [21], GA optimization of command shaper 

for vibration control [22], multi-objectives GA 

optimization for vibration control [23], Hybrid fuzzy 

logic with GA optimization [24], PID-type fuzzy logic 

tuning with PSO optimization for vibration control 

presents [25] and A fuzzy PID control based on hybrid 

optimization [26]. Robust control has been developed 

and implemented on different flexible structures such 

in robust control for oscillation control of an overhead 

crane system [27], wave based robust control for 

vibration control of crane system [28], robust control 

for uncertain nonlinear mechanical systems [29] and 

hybrid robust control for sway motion control of gantry 

crane system [30]. 

 

Load hoisting is important for crane maneuvering such 

as avoiding obstacles. Several input shaping have been 

investigated to minimize the effects of the payload 

sway. These types of control schemes have also been 

developed for control of other flexible structures with 

parameter uncertainties. The techniques are mainly 

based on adaptation of natural frequencies and 

damping ratio to update the magnitudes and locations 

of the impulses. These includes; parameter 

uncertainties adaptive input shaping based on flexible 

mode frequency changes [31], an adaptive input 

shaping based on on-line identification of the 

frequencies in frequency domain[32], adaptive 

discrete-time control in which the amplitude and 

locations of the impulses are updated to cater the 

system uncertainties [33] and algebraic identification 

adaptive input shaping [34]. Furthermore, to control 

the hoisting effect [35] investigated input shaping 

design using average travel length. 
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In general, the drawback of feedforward controllers is 

they could not be used to achieved trolley positioning 

and they also not robust to external disturbances. On 

the other hand, the main drawback of feedback 

controllers is most of them end up amplifying the 

payload sway instead of reducing it. However, two 

feedback controllers could be combined to control 

trolley position and payload sway. 

This paper presents a combined input shaping with 

fuzzy logic control (FLC) for position and payload 

sway reduction of a 2D crane with hoisting. Simulation 

on a nonlinear 2D crane model is conducted with 

combined FLC with two forms of zero vibration 

derivatives (ZVD). In this work, ZVD is designed with 

natural frequency and damping ratio of the system at 

the maximum hoisting length, and it is also designed 

with average travel hoisting length which is referred to 

ATL to further improve the performance of the control 

technique. The control performance with fixed payload 

cable lengths and hoisting payload cable lengths have 

been investigated with combined FLC and ZVD, FLC 

and ATL and then with only FLC. 

 

2. DYNAMIC MODELLING OF THE CRANE 

 

In this work, two degree of freedom (2D) motion is 

considered. 2D motion transform load from a particular 

point to any desire location in two dimensional spaces. 

The system hardware consists of three main components: 

a cart, a rail and a pendulum. A schematic diagram of the 

crane system is shown in Figure 1 with XYZ as the 

coordinate system. α represents the angle of lift-line with 

Y axis and β represents angle between negative part of Z 

axis and projection of the payload cable onto the XZ 

plane. T is a reaction force in the payload cable acting on 

the trolley, Fx and Fy are the forces driving the rail and 

trolley respectively, Fz is a force lifting the payload and 

fx, fy and fz are corresponding friction forces. By defining 
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where pm , tm and rm are the payload mass, trolley mass 

(including gear box, encoders and DC motor) and 

moving rail mass respectively. l represents the length 

of the lift-line. The dynamic equations of motion of 

the crane can be obtained as [15]. 
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Table 2. System parameters 

Variables Values 

Mass of payload,
pm  1 kg 

Mass of trolley, tm  1.155 kg 

Mass of moving rail, rm  2.2 kg 

Cable length, l 0.72 m 

Gravitational constant, g 9.8 m/s 
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Corresponding friction 

forces,
zyx fff ,,  

100,82,75 

2/kgm s  

 

Where: px and pz are position of payload in X and Z 

axesrespectively, tx is positions of trolley in X axis. 

Dots represent derivative of the respective quantities. 

Table 1 shows the parameters used for simulation and 

experiment which correspond to the crane system.

 

 
Figure 1. Schematic diagram of the crane 

 

2.1. Control Schemes 

This section briefly describes the design of the combined 

control techniques considered in this work. These 

include fuzzy logic controller (FLC), zero vibration 

derivative (ZVD) and average travel length (ATL). 

Crane system is a highly nonlinear system and for the 

input shaping design the natural frequency and damping 

ratio of the system are obtained using curve fitting 

method from the input and output data measured from 

the nonlinear model. Figure 2 shows the structure of the 

proposed combined control block diagram consisting of 

the input shapers (ZVD and ATL) and the Fuzzy Logic 

Controller. 

2.2 Fuzzy Logic Controller Design 

In this section a comprehensive design of the fuzzy logic 

controller is presented as in [36]. The fuzzy controller 

has two inputs and one output, the inputs are payload 

position error (e) and its derivatives ( e ), the output is 

the fuzzy control signal generated based on decisions as 

design using rule base. Fuzzy logic controller design 

involves selection of type and number of membership 

function, selection of rule base, inference mechanism and 

defuzzification process. In this work, a triangular 

membership function is used. The rule base is developed 

using the symbols NB (negative Big), NM (Negative 

Medium), NS (Negative Small), ZE (Zero), PS (Positive 

Small), PM (Positive Medium) and PB (Positive Big). 

Table 2 shows the appropriate fuzzy control signal for 

different payload positioning error and derivative of the 

error, different number of membership function are 

tested, and it is found that for this system is more 

appropriate with seven membership function, which has 

49 possible control signals. 

The membership functions of the payload position error 

(e) is implemented with seven membership function 

[NB, NM, NS, ZE, PS, PM, PB] scaled within the range 

0f [-2 2], membership functions of the derivative of the 

error ( ) are implemented with seven membership 

Figure 2. Combined control block diagram 
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function [NB,NM,NS,ZE,PS,PM,PB] scaled within the 

range 0f [-3.5 3.5] and the membership functions of the 

output are implemented with seven membership function 

[NB,NM,NS,ZE,PS,PM,PB] scaled within the range 0f [-

60 60]. 

 

2.3 Zero Vibration Derivative Shaper Design 

The design of the ZVD shapers for the sway control of a 

2D crane with hoisting is described in this section. As 

the system behaviour changes during the hoisting 

operation of between 0.22 m and 0.72 m, two design 

approaches were considered when designing the ZVD 

shapers: 

1) A design with a natural frequency and a damping ratio 

based on the maximum hoisting length which is 0.72 m. 

In this work, this approach is referred to as ZVD. 

2) A design with a natural frequency and a damping ratio 

based on the average travel hoisting length and is 

referred to as ATL. In this case, the natural frequency 

and the damping ratio at a cable length of 0.47 m were 

considered. 

An oscillatory system can be modelled as a superposition 

of second order systems, each with a transfer function as 

1

( ).
m

k k

k

IS A t t


     (4)
 

Where: ( )t  represents the Dirac delta function, kt is 

time of a 
thk  pulse and a non-negative value and kA is 

amplitude of 
thk  pulse and a non-zero value. System 

undesired oscillation effect will be cancel by the 

convolved input signal [37]. An oscillatory system can 

be derived as a superposition of second order systems 

each with a transfer function as  

2
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Where: n  and   are the natural frequency and 

damping ratio of the system respectively. Therefore, the 

impulse response of a single mode system at time t  is 
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Where: A and 0t  are the amplitude and time instant of 

the impulse respectively. Using the superposition 

principle the response to a sequence for for last impulses 

can be deduced as 
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With 
2(1 )d n    the ZVD design parameters 

were deduced as in [38]
. 
To obtain a similar rigid body 

motion of unshaped command, the sum of the shaper’s 

amplitudes of the impulse should be unity. This gives the 

summation constraints as 

1

1
n

k

k

A


     
 (8)

 

ZVD shaper’s parameters can be obtain as  
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 and Figure 3 shows 

the process of ZDD input shaping. 

 

 

 

 

 

 

 

 

 

3.1 Implementation and Results  

This section discusses implementation of the 

combined fuzzy logic control and ZVD shapers on the 

2D crane through simulation. The parameters of the 

designed ZVD and ATL are given in Table 3. Firstly, 

the crane is simulated with a fixed cable length and 

the position tracking of the trolley and payload sway 

with combined FLC and ZVD, and FLC alone as 

shown in Figures 4 and 5. It is noted that with FLC 

alone the trolley position tracking is faster as 

compared with combined FLC and ZVD, but with 

higher payload sway as compared the combined FLC 

and ZVD. The objective is to have zero sway, mean 

absolute error (MAE) has been used as a performance 

index in this study. Small value of MAE indicates 

higher sway reduction. It is found that the MAE 

values of the sway motion   without controller, with 

FLC only and with combined FLC and ZVD are 

9.9263, 5.1105 and 2.7749 degrees respectively. These 

values show that the combined controller gives better 

performance as compared with FLC only. 

 

 

 

 

 

 

 

 

 

 

Figure 4. Trolley position with fixed length 
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Figure 3. ZVD input shaping 
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Table 3.1 Parameters of the ZVD and ATL shapers 

 

Shaper parameters 

 l (m) n  
(rad/s) 

𝜁 
1A
 2A

 3A
 1t  2t  3t  

ATL 0.470 4.570 0.008 0.226 0.499 0.224 0.000 0.688 1.375 

ZVD 0.720 3.730 0.006 0.225 0.500 0.225 0.000 0.843 1.686 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Trolley payload sway with fixed length 

 
Secondly, simultaneous motion of trolley and payload 

hoisting is investigated using the controllers. In this work, 

hoisting between 0.22 m to 0.72 m is considered, which 

correspond to 42 % and 54 % decrease in the natural 

frequency and damping ratio respectively as compared to 

the original location of 0.22 m. Figure 6 shows the trolley 

positions with FLC only, FLC with ZVD and FLC with 

ATL. It is noted that the position with FLC is faster as 

compared with combined controllers. Furthermore, Figure 7 

shows the payload sway motion of the crane with hoisting. 

It is found that with only FLC the sway is high, but with 

combined controllers the sway have been significantly 

reduced. The sway response with combined FLC with ATL 

gives higher sway reduction as compared to FLC only and 

FLC with ZVD. The MAE values of the sway motion for 

crane with load hoisting for without controller, FLC only, 

FLC with ZVD and FLC with ATL are 11.3597, 3.5583, 

2.0853 and 1.3508 degrees respectively. The MAE 

indicated the combined FLC with ATL gives better sway 

reduction with lowest MAE value as compared to the FLC 

only and FLC with ZVD.  

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 
Figure 6. Trolley position with payload hoisting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Trolley sway with payload hoisting 
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3.0 CONCLUSION 

 

A combined control technique consisting of fuzzy logic 

control (FLC) and zero vibration derivative shapers 

(ZVD/ATL) have been implemented on a 2D crane 

system for trolley position tracking and payload sway 

reduction. The control performance have been 

investigated with only FLC and with two combination of 

FLC with ZVD and FLC with ATL. Firstly, the 

simulation was conducted without load hoisting and 

secondly it was conducted with load hoisting. In both 

cases, it is found that the combined controllers gives 

better performance as compared with FLC only. For the 

crane motion with load hoisting FLC with ATL gives 

higher sway reduction with smallest mean absolute error 

as compared to FLC only and FLC with ZVD. 
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