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Abstract 
 
For the transportation of heavy machinery and massive materials, Gantry 

Crane System (GCS) is used, which is manufactured by advanced 

manufacturing technology. Technical impact of trolley movement 

interconnection and oscillation of payload is taken into account in GCS 

manufacturing. Undesirable oscillation in the payload is induced by the 

movement of a trolley to the required position with high speed. Load 

damage, efficiency drop, and accidents induced by the load swing.  To 

handle the non-linearity and to attain better performance in the controller 

application, the rugged controller should be designed. Nowadays, a Fuzzy 

logic controller (FLC) is used to design the rugged controller which should 

be tested under the real environment to deal with its high dimensional and 

complexity problem in practice. To discover an optimal solution for GCS, the 

proposed system integrates the optimization technique of Fuzzy Logic 

Controller (FLC), which uses Enhanced Binary Bat Optimization algorithm 

(BBOA) to adjust its parameter with Priority Fitness Scheme (PFS). Based 

on the requirement, Overshoot (OS), Setting Time (TS), and Steady State 

Error (SSE) are precedence‟s by PFS. For oscillation and positioning control 

FLC and Lagrange equation used to derive a model of a system. To test the 

proposed  
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The proposed system with PFS and FLC attained a desire smooth and swing 

movement at a limited time by optimal load transfer. 

 

Keywords: Gantry Crane System, Priority Fitness Scheme (PFS), Fuzzy 

logic controller (FLC), Enhanced Binary Bat optimization (BBOA) 

algorithm, Lagrange equation. 

 

1 Introduction 
 

For easy transportation of bulk load from one spot to another, Gantry 

Crane System (GCS) is used. Jaafar et al. [1] The place such as shipyard, 

nuclear facilities, warehouse, factories where précises movement of load 

needed, gantry cranes are coming into action with more legs. It show sthe 

shape and size of phanon scattering effect on the thermal conductivity of 

nano structures. Furthermore they have been used in bio, structural, sports, 

electrical and other applications.  

Abdel et al. [2] Until reaching the exact position, the load is moved right 

or left parallel to the horizontal bridge rail of the crane with the help of the 

trolley presented at the top of GCS. It is assumed as a pendulum during the 

process of modeling. Simplified reduces model of the crane is perfect for 

analysis because of its diverse usage such as inside a factory, at the shipyard 

and other places by moving it from one place to another nevertheless its bulk 

and big size.    

The crane system with a two-dimension trolley (2D) trolley able to move 

the load in the two-dimension direction such as it moved the load in a 

horizontal direction after picking it in a vertical direction. Zrnic et al. [3] The 

desired characteristic of the crane is to transport the load as quickly as 

possible without payload sway besides at the destination point. That 

characteristic is desired and required. Nevertheless, the swing motion 

happens most of the gantry crane during the load is stopped suddenly after a 

quick movement. To reduce the mass of the system, flexible hoisting ropes in 

the crane is used, which provides desirable features such as low power 

consumption, high motion speed, and high payload ratio. Alhassan et al. [4] 

The reduction of swig motion is inversely proportional to time consumption. 

In order to control and avoid that swing of load at the exact position, the 

experienced operator should use his experience manually. 

Recently, many techniques are nominated for the control of the gantry 

crane system. The better performance uncomplicated structure is the reason 

for the extensive usage of PID under the various operational condition in 

industries . Jaafar et al. [5]; The better controller of the overhead crane is 

achieved by integration with fuzzy control with PID. To reduce the swing of 

payload, PID+Q is designed, but it is difficult to tune its parameters.  
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Mohammad et al. [6]; To mitigate the tuning difficulty in the PID 

controller, classical trial and error tuning methods are used, but the result not 

guaranteed the desired performance.  A Ziegler-Nichols tuning method is 

standard in practice for its simplicity but having many disadvantages such as 

increased oscillatory response and overshoot along with the aggressive nature 

of parameter finding . Meta-heuristic methods are preferred to discover the 

exact parameter value than PID due to its difficulty. 

Onen and Cakan [7]; To handle the non-linearity and to attain better 

performance in the controller application, the rugged controller should be 

designed. Nowadays, a Fuzzy logic controller (FLC) is used to design the 

rugged controller. FLC is used to design and implementation a variety of 

applications such as process control and robotics. It gives a touch of 

Artificial intelligence to the classic PID controllers to some extent. The skill 

of an experienced operator and heuristic information is utilized to 

Membership Function (MF) and set of the rule base. Determination of input 

and output controller variables, setting the rule base which resembles the 

input and output linguistic relationship, forming input and output variable 

MF function, and adjustment of parameters to get desired performance is the 

critical factor in the design of FLC. For a problem, the optimal solution 

finding is termed as optimization in the field of computational science. The 

objective of the problem solution is to discover an optimal solution in a 

group of the solution to solve a problem .Therefore, to reach the objective of 

problem-solving, the proposed work integratesthe optimization technique of 

the Fuzzy Logic Controller (FLC) which uses the Enhanced Binary Bat 

Optimization algorithm (BBOA) to adjust its parameter with the Priority 

Fitness Scheme (PFS) to improve the performance of Gantry Crane System. 

(GCS). The paper is organized as Section 2 reviews the existing techniques 

for GCS optimization, Section 3 details the proposed methodology and 

Section 4 discusses the results, and Section 5 concludes the work. 

 
2 Literature Review 

 

The literature review section discusses the existing technique presents for 

position control and optimization of nonlinear GCS. Bashir et al. [8]; 

proposed an application that attains exact payload placement with lesser 

sway angle by changing the location of poles using pole placement controller 

application to control 2D GCS. By placing three poles at various location on 

the left side of the S-plane using a pole placement controller, the model of 

the system with linearity is obtained. The pole placement controller 

performance is tested in MATLAB and SIMULINK. The performance of the 

pole placement controller is improved when the other pole and the dominant 

are selected to be a complex pole, according to the result.  

Dankadai et al. [9]; designed a predictive controller model with a DC 

motor as an actuator for a 2D nonlinear gantry crane system. Lagrange  
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equation is used to obtain the dynamic nature of the gantry crane system. The 

reduction of oscillation and the exact position of load is obtained from 

prediction cost function and linearized GCS based predictive controller 

model. Controller performance is tested in MATLAB and SIMULINK by 

simulation under  various system behavior simulated by different elements. 

Trolley position, payload mass, and various cable length are the critical 

parameters used to analyze a closed-loop system which achieved better 

performance, exact positioning of the trolley with a reduced swing of the 

payload within steady input voltage.  

 Ismail et al. [10]; developed a closed-form motion equation-based 

overhead 3D gantry crane system dynamic model with the integrated 

payload.  The dynamic model is derived from the Lagrange equation to 

discover system response under varying payload effects. The theoretical 

derivation output, which is exhibits in the frequency and time domain, is 

authorized by the simulation result. 

 Diep et al. [11] introduced, Particle Swarm Optimization (PSO) for 

tuning the parameter of the PID controller controls the length of rope, anti-

swing, and control position of gantry crane. The desired step response of the 

plant is the requirement of parameter tuning. Based on the obtained model, 

the parameters are computed. Under the performance of the control system, 

the simulation output of the controller yielded a better response. 

 Yusop and Mohamed [12]; proposed a method to decrease the sway 

angle and vibration in an inverse dynamic analysis. The sway angle mass and 

position of the trolley are the parameters is discovered from the MATLAB 

output of the proposed method. The fourth-order gantry crane system is 

developed by feedback look. Due to asymptotic system behavior, the desired 

output, which is the exponential function in the order of three, is used to 

determine the input. 

 Process parameters were optimized by using edm on CNT-reinforced carbon 

fibre nanocomposite using grey relational analysis. Now a days they widely 

used in, bio, structural, sports, electrical and other applications This method 

reduces the vibration ofthe gantry crane system to an optimal level.  

 Jalani et al. [13]; developed an intelligent crane system that is designed 

and implemented using fuzzy logic controller controls swing angle and 

payload position. By analyzing the robustness result of the proposed 

intelligent GCS with the existing traditional PID controller automated GCS, 

the former achieved better robustness for the variation in the parameters than 

the latter.  

 Zawawi et al. [14] Kumar and Sharma [15] Venkata Pavan [16] investigate 

the 2D GCS dynamic characteristics theoretical in frequency and time 

domain, Euler Lagrange formula is used to design the system model. The 

uncontrolled system is compared with Proportional-Derivative (PD) 

controllers, Linear Quadratic Regulator (LQR), and Delayed Feedback 

Signal (DFS), which are different control strategies in the MATLAB 

simulation environment. Different payload weight is used to evaluated the 

payload effect in GCS  
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response using the algorithm, and the result is analyzed in frequency and 

time domain along with feedback controller performance is examined with 

minimal sway angle in both the terms such as the magnitude of sway and 

response in the time domain. The response of GCS at various payloads is 

examined and discussed.  

 

3 Proposed Methodology 
 

The proposed method uses a lab-scale gantry crane system for GCS 

modeling. To discover an optimal solution for GCS, the proposed system 

integrates the optimization technique of Fuzzy Logic Controller (FLC), 

which uses Enhanced Binary Bat Optimization algorithm (BBOA) to adjust 

its parameter with Priority Fitness Scheme (PFS). Based on the requirement, 

Overshoot (OS), Setting Time (TS), and Steady State Error (SSE) are 

precedences by PFS. For oscillation and positioning control FLC and 

Lagrange equation used to derive a model of a system. 

 

3.1 Modeling of Gantry Crane System 
  

Figure. 1. Gives GCs schematic diagram where T is the torque, l is the 

cable length, θ is swing angle, m1 is payload mass, m2 is trolley mass, and x is 

the horizontal position of a trolley. It is assumed that the hanged load and the 

trolley are massless and to be steady. Table 1. shows the values of parameters 

in the system model. 

 
Figure 1 Gantry Crane System 

 

It is concluded that the effective and appropriate method to derive the 

mathematical expressions of the GCS system is Lagrange's equation after 

analysis of various aspects. The payload oscillation  and trolley 

displacement x is two independent generalized coordinates of GCS. 

Lagrange's equation standard form as follows: 
 

  
[
  

   
]  [

  

   
]                                 (1) 

Given qi is independent generalized coordinates, Qirepresents non-

conservative generalized forces and LLagrangian function. The function 

Lagrangian is given as: 
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         (2) 

where the energies in potential and kinetic aspect id given by P and T 

respectively. The principle and the coordinates flexibility of the GCS model  

related to the pendulum are derived by using these parameters in the 

calculation is shown in Figure. 2. 
 

Table 1 System Parameters 

 

 

 
 

Figure 2 Schematic Diagram of a Pendulum 

 

 Lagrangian function derivation related to potential and kinetic energy 

calculation is given as: 

  
 

 
(   ̇

     ̇
     

  ̇ )                    ̇̇                    (3) 

 Differential equations obtained by solving (1) as follows: 

        ̈      ̈         ̇
        ̇                       (4) 

   
  ̈      ̈                                                         (5) 

Differential equations derivation includes the effect of dynamic DC 

motor, which is integrated into the GCS model for completed the calculation. 

The calculation is given as: 

   
  ̈      ̈                                                    (6) 

 Figure. 3 shows the implementation of the FLC controller in GCS with V 

as an input voltage. 
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Figure 3 Updated rules for PBEST and GBEST using PFS 

 

3.2 Concept of Priority Fitness Scheme (Pfs) 
 

PFS concept is based on the priority of three parameters such as SSE, 

OS, and Ts. It checks every priority carefully. The priority of PFS from high 

to low is given as SSE, OS, and Ts, respectively. In the PFS process, minimal 

value searching is carried out only for SSE. It only focuses on the second 

priority parameter OS, when the new and old SSE in the fitness function 

reaches the same value. The process focuses on the comparison of Ts 

parameter value only the same condition follows by SSE and OS orderly. 

The new BEST is considered the best solution and the new GBEST only 

when the value of the new PBEST considerably smaller than the former 

PBEST in the fitness function. 

The new GBEST for each fitness is determined by comparing the 

previous and current PBEST, which is provided by each fitness. The pattern 

of PBEST and GBEST for every fitness and set is easily understandable by 

referring to the pattern. Table. 2 gives SSE, OS, Ts value of fitness for five 

SET of situations. By analyzing the table, PBEST is selected from the 

coordinates of Fitness 2: Set 1 by considering the high priority SSE which is 

better, so neglecting the other (OS and Ts) according to PFS for the SET 1 at 

stage 1  
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Table 2 the Pattern of Pbest and Gbest Selection 

 

 
 

The implementation of PFS to identify PBEST for SET 2 focusses on 

minimal value second priority OS by ignoring Ts instead of SSE according to 

its principle because the high priority SSE for Fitness 3 (0.002m) is higher 

than the Fitness 1 and 2 (0.001m) which has the same value. For SET 2 

PBEST is obtained from Fitness:1 Set:2. The performance of SET 2 is higher 

than SET 1, which is concluded by comparing the PBEST value of SET 1 

and SET 2. The new GBEST value is also Fitness 1 and SET 2 whose data is 

saved currently as GBEST.  The process continuous to find the third priority, 

in which the SSE and OS priority are the same for SET 3 and 4, so the 

priority focusses on Ts at SET 5. If there is no best solution obtained to find 

GBEST from PBEST, GBEST remains the same, and the process continues 

until the system gives a best and minimal solution. 

 

3.3 Optimal Tuning of Fuzzy Logic Controller Parameters  
            

       The objective of fuzzy logic controller implementation is to control the 

quick displacement X(s) of the trolley to the desired location at very minimal 

possible value of payload swing angle h(s). The gantry crane system fuzzy 

logic controller integrates anti-swing control along with position control. The 

MATLAB toolbox of fuzzy logic consists of Mamdani type of FLC 

implementation for both controllers. The basic fuzzy logic controller design 

is shown in Figure. 4. 

 
Figure 4 FLCs for Gantry Crane System 
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3.3.1 Inputs and Outputs of FLCs 
 
       Voltage is the output of both the controllers which have the single output 

for multiple inputs such as swing angle rate and swing angle, an error rate of 

position and error are the inputs of anti-swing and position controller 

respectively. 

 
3.3.2 Membership Functions of FLCs 
 
       The membership function of all the input and the outputs is determined 

by Membership Function Editor. 3 and 5 parts of the linguistic variable is 

assigned to the position and anti-swing controller, respectively. The 5 parts 

are given as Positive Big (PB), Zero (Z), Negative Big (NB), Positive Small 

(PS), and Negative Small (NS). The 3 parts are given as Zero (Z), Positive 

(P), and Negative (N). The membership function form of each linguistic 

variable and parameter value is fixed and determined. The universe of 

discourse used for swing angle rate, swing angle, voltage variables in the 

anti-swing controller is -2.5 to 2.5 rad/s, -1 to 1 rad, and -1.4 to 1.4 V 

respectively and for position controller, the universe of disclosure for voltage 

variable, error, error rate are  -1.4 to 1.4 V, -100 to 100 cm and 12.85 to 

12.85 cm/s respectively. 

 

3.3.3 Fuzzy Control Rules 
 
       Nine combinations of input are given to position controller for two 

inputs, having three membership functions each, leads to nine position 

control rules. Similarly, 25 anti-swing control rules are generated from 25 

combinations of input of anti-swing controller where every two inputs have 5 

membership functions individually. 

 

3.3.4 Optimization Techniques for Fuzzy Logic Controllers Using 
Enhanced Binary Bat Algorithm (EBBAO) 
 

 Bat Algorithm  
          Echolocation behavior of bats is used to design the Bat Algorithm 

(BA). At each iteration, the velocity, position, and frequency of an artificial 

bat are updated. The search space around which the artificial bats are 

moveswithin the real continuous domain where the bats use the velocity and 

position vectors. The terms vi is velocity, xi is the position and fi is the 

position of every bat bi.. the updated velocity and position of each bat in each 

step is given by: 

                                                (7) 
 

 

 

 

 



 

 

 
 

 

11695 Aman Sharma  

 

Where the obtained best solution so far is given by gbest. The updated bat 

position is given by: 

                                        (8) 

For each iteration, the i
th
bat frequency is given by:

 

                                      (9) 

        Where β is a random number uniformly distributed in the range [0, 1]. A 

random walk method is used to improve the exploitation capability of BA as 

given below: 

                                 (10) 

      Whereloudness is represented asA and ε is a random number between [-1, 

1]. The adjustment of pulse emission rate and loudness for each iteration is 

given by the equation as below: 

                                          (11) 

                                                 (12) 

           Where α and γ are constants.  

       BA is known as efficient as a simple algorithm. For standardization of 

parameters in other swarm intelligence algorithms, constant values are used. 

Equations (11) and (12), it is concluded that for every iteration, pulse rate 

and loudness are adjusted, which makes the possibility of a switch of 

algorithm between exploitation and exploration. 

 Binary Bat algorithm  
 Binary search space is formed by considering binary values for the bat 

location to addresses the problem in BA. By changing the various bits, the 

bat is moved to a new location. Different strategies are used to update the 

position and velocity of the bat in the BA binary version. The bat‟s position 

is changed from „„0‟‟ to „„1‟‟ or vice versa by using the transfer function. 

 (  
 )  |

 

 
        

 

 
 |   

                                         (13) 

Where kiis the bat Ivelocity in kth dimension. Ki. The new position of bat is 

given below: 

  
  {

   
                               (  

 )   

  
                                       (  

 )   
                         (14) 

         Where xi is uniformly distributed between [0, 1]. For each bat, the 

fitness function should be calculated for every new position update. Cluster 

quality is used to derive the fitness function using the sum of squared errors 

in unsupervised feature selection. The fitness function is given as: 

             ∑ ∑ ‖     ‖
 
   

 
                     (15) 

 Binary Bat Algorithm Based on Distributive Factor 
       To attained, a better convergence efficiency and diversity in population, 

the analysis of the distributed factor-based binary bat algorithm (DBBA) is 

carried out by a proposed contraction factor. This factor is used to make each 

individual of the population quickly converge precisely at an optimal global 

solution and to mitigate the problem of premature convergence which is a 

regular problem that occurs at-bat algorithm. The premature convergence is 
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the early convergence of bat happens at the optimization process when the 

individuals in the population flying towards the optimal solution. It reduces 

the probability of obtaining better optimization. 

The following equations are used to analyze the proposed DBBA: 

  
 

    √     
                      (16) 

 

  
    

    (  
      )                                               (17) 

                 Where. 10 is the assumed constant value of the constant d, in this 

equation. 
 

4 Results and Discussion 
 

The proposed control structure of GCS integrates the Fuzzy Logic 

Controller (FLC) with Priority Fitness Scheme (PFS). The payload 

oscillation ( ) decreases by the use of an Anti-swing controller and the usage 

reason of FLC is toattain the trolley‟s desired position (x) by controlling 

it.Intel Core i5- 2450M Processor, 2.5GHz, 6GB RAM, Microsoft Window 7 

and MATLAB are the platform used to simulate the model.Payload 

oscillation and trolley displacement, which are two system response along 

with input voltage, are analyzed. 

The performance response of gantry crane system with and without 

EBBOA is shown in Figure. 5. The step input of 70 cm is set as a required 

position in EBBOA optimization. The simulation result compared 

optimization scaling factors of the anti-swing and position control. By 

analyzing the result, it is concluded that the position control of the proposed 

system is better than the existing control techniques. 

 
Figure 5 Performance of Position Response  
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Figure.6 displays the gantry crane system swing response with and 

without optimization. From the simulation result, it is concluded that, 

increase in the swing amplitude of the proposed work after optimization is 

acceptable because only at the beginning of three seconds only the swing 

angle reaches the maximum and due to decrease in the settling time for load 

to the desired position compared to result after optimization.    

 
Figure 6 Swing Response. 

  

 
 

Figure 7 Comparison Convergence for Optimization  

 

 The simulation result for the convergence comparison of the PFS-FLS 

algorithm to obtain the best problem solution is shown in Figure.7. PSO 

algorithm attains the optimal solution slowly compared to the EBBOA for 

this problem. The result concluded that the desired and optimal capability 

and performance to solve the optimization problem of constrained design is 

achieved by the proposed PFS-FLS algorithm. 
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5 Conclusion 
 
 The proposed work designed a dynamic gantry crane system. Nonlinear 

differential equations gantry crane system derived payload oscillation, trolley 

displacement, and rope length is the used of control algorithm designing to 

control GCS. The desired performances ad stability of the system is obtained 

by PFS implementation. To reduce the payload swing and for position 

control of nonlinear dynamic gantry crane system is achieved by new 

algorithms such as FLC and EBBOA, which controlled the Gantry Crane 

System. The proposed GCS decreases settling time along with payload 

overshoot position and maintain the swing angle in anti-swing control. The 

proposed system has improved performance when compared with the other 

existing algorithms for GCS. Enhancement of safety, speed, reliability, and 

economic priorities are the benefits of implementing the performance 

improved PFS-FLC in industries.  
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