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Abstract 
 
In heavy engineering, gantry crane system is a mechanism used for moving 

payload form one position to another position. In general, gantry position are 

controlled manually by experts or experienced operators. In this condition, 

swing oscillation or payload vibration are minimized. So, for operating 

gantry crane system in a safe and efficient manner, those manpower needs to 

be trained. In major benchmarked systems, proportional integral derivative 

(PID) controllers are used as controllers. However, in control loops, more 

than one PID controllers are needed by benchmarked Single Input Multiple 

Output (SIMO) systems. The PID controller design is a difficult task. 

Because of inherent nonlinearities, in a benchmarked system, satisfactory 

results are not produced by linear PID (L-PID) controllers. So, nonlinear 

characteristics of PID controllers are modified for enhancing performance. 

For Gantry Crane System’s control and stabilization, implemented linear and 

nonlinear PID (NL-PID) controllers in this work as a test problem. 

Introduced an Enhanced Genetic Algorithm (EGA) was in this system for 

overcoming above mentioned issues. High control errors are bounded by 

controller to results in a minimized correction value. For tuning gain 

coefficients, proposed an EGA heuristic algorithm. On real time system 

based stabilizing action, compared the proposed controllers and linear 

controllers. Better performance is provided by EGA algorithm than existing 

algorithm as concluded in experimental results. 
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1 Introduction 
 

To transport heavy load and in applications like nuclear installations, 

construction sites, hazardous materials transportation in shipping yards, etc., 

Diep et al. [1]; Gade et al. [2] Gantry crane are used and it is also used in 

industries. There are reinforcement and hoisting mechanism in crane. On 

support mechanism, from one point, suspended the cable-hook-payload 

assembly. Around crane workspace, suspension point is moved using support 

mechanism and payload is lifted up and lifted down using a hoisting 

mechanism for avoiding obstructions in a track and at aimed level, 

consignment is deposited. 

The mechanical and thermal properties of graphene and its hybrid 

composite for structural applications, Furthermore they have been used in 

bio, structural, sports, electrical and other applications. During travel, 

because of deceleration and acceleration, a swinging motion is caused to load 

by crane operation. There are many serious consequences of this load swing 

like surrounding equipment damage, shows the interfacial properties of 

amine multiwalled carbon nano tube epoxy composite. Because of this, large 

time is needed for unloading until stopping of this payload swing. Moreover, 

a skillful operator is needed for controlling gantry crane manually. At 

accurate position, payload is stooped based on the experience of operator. 

Su et al. [3] The system is controlled using PID controller in industry and 

non-industry applications to produce required output. But, in PID parameter 

tuning, there are some difficulties. PID controllers can be tuned easily using 

trial and error technique, which is a traditional tuning technique. But 

satisfactory as well as significant performances are not produced by this. 

Ziegler-Nichols is another type of tuning technique, which is used because of 

its simplicity.  

Glass transiction temperature  their thermo mechanical characteriof 

graphene epoxy composite by used  moleculear dynamics simulation. 

Furthermore they have been used in bio, structural, sports, electrical and 

other applications. Unfortunately, these techniques used for computing 

parameters are highly aggressive and produces an oscillatory response and 

large overshoot.  

Sanjay et al [4] For nonlinear gantry crane system control, an optimal 

PID controller development is presented in this paper. From PID auto-tuning  

technique, derived the optimum PID parameters. Trolley’s positions are 

controlled using a control structure having PID controller. fabricated 

graphene epoxy nano composite reinforced with emine for their thermo 

mechanical characterization. Furthermore they have been used in bio, 

structural, sports, electrical and other applications. 
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 For payload oscillation, PD controller is utilized. Control system 

performance based controllers produces satisfactory results as demonstrated 

in simulation results . 

For modulating nonocomplex bench marked systems response, PID 

controllers are used commonly. However, there are some drawbacks. In real 

time nonlinear dynamic systems, various undesirable effects likeprolonged 

settling time, sharp rise and large maximum peak overshoot are produced by 

this. Using some enhancement and modification, these limitations are 

extenuated in addition with basic PID controller. 

Vu et al. [5]Between defined range bound, correlation signal’s nonlinear 

constriction is facilitated by adapted function via exponential function based 

continuous scaling. For getting minimum error, faster convergence are 

guaranteed by this  

Tumari et al. [6] On system, used this fractional order PID and better 

performance are produced. Han introduced a Non-linear PID and when 

compared with normal PID, it exhibits a better performance. Some major 

conventional PID problems are avoided in this Non-linear PID functions. 

Using Hyperbolic Tangent function, in PID controller, non-linearity is 

implemented by this.And bias term is avoided in proportional error. For 

enhancing overall performances, algorithms based on optimization are 

required in some mechanism process.  

In industrial application, it is very common to use gantry crane systems 

to transport payload. With strict swing angle and transfer time specification, 

it is highly difficult to move payload using crane. So, introduced an 

intelligent gantry crane system for overcoming this problem, Gantry crane’s 

swing angle and payload position are controlled by implementing, designing 

and adopting Fuzzy logic controllers.  

Evaluated intelligent gantry crane system’s robustness and comparison is 

made between classical PID controllers and automatic gantry crane 

controlled. When compared with automatic gantry crane system, against 

parameter variation, more robustness is shown by intelligent gantry crane 

system as indicated in results. 

For coupled tank system also termed as non interacting system, designed 

a PID controller based on Genetic algorithm. Obtained this process’s transfer 

function based on equipment specification, first order plus delay time is used 

in (FOPDT) model formed by approximating transfer function . 

Multi objective genetic algorithm (MOGA) approaches are used for 

computing PID parameters. Elitism through non-dominated sorting crowding 

distance nearest neighbor, polynomial mutation, simulated binary crossover 

(SBX), binary tournament selection are used as an genetic algorithm 

operators.  
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When compared with other techniques, more robustness and performance are 

shown by genetic algorithm based PID controller as indicated in results. 

 

2 Related Work 
 

Hussien et al. [7] A new technique to design multi-loop PID controllers 

is presented  in PID parameter computation, involved optimization problem 

is simplified efficient using generalized IMC-PID technique for computing 

optimum closed-loop time constant of multi-loop systems in minimized 

search space.  

Chiou et al. [8] For coping with multi-loop control system’s robustness 

and performance, proposed weighted sum Mp criterion as a performance cost 

function. For demonstrating multi-loop PID controllers enhanced 

performance using this design technique, various examples are included.  

Copat et al. [9] A gantry crane system’s active sway control, hybrid PID 

control and input-shaping scheme is developed. A technique which can 

reduce sway is involved in positive input shaping application, where a 

common signal is created for cancelling its own vibration and used as a feed-

forward control. To control crane position, feedback control is derived from 

proportional integral derivative (PID) controller. 

For getting improvement in mechanical and thermal properties of epoxy 

hybrid composite that are widely used in several applications, bio, structural, 

sports, electrical and other applications for better system performance, is 

used for tuning PID controller. A very minimal sway motion, precise payload 

positioning, fast input tracking capability is guaranteed using a PID control 

and hybrid input-shaping schemes. Using MATLAB/SIMULINK software, 

gantry crane modelling is simulated.  

In frequency and time domain, presented the controllers response results. 

With respect to time response specification, sway angle reduction and input 

tracking capability, examined the control scheme performance. 

Solihin et al. [10] In gantry crane system, to control swing oscillation and 

trolley displacement, PD and PID controllers are introduced. To track 

trolley’s desired position, designed a PID controller, whereas, for minimizing 

payload oscillation, implemented a PD controller. Auto-tuning technique is 

used for tuning PD and PID parameters. According to control system 

performances, satisfactory responses are demonstrated in simulation results. 

It is depicted the shape and size and phonon scattering effect on thermal 

conductivity of nano structures and they are used in PID controllers. In fuzzy 

PID controller’s reinforcement, Particle Swarm Optimization (PSO) 

algorithm is used. New elite control parameter gains are generated rapidly 

and updated in PSO. The quadrotors attitude: roll–pitch–yaw channels are 

controlled by implementing it. Settling time, oscillation minimization, 

stability, reliability enhancement are produced by proposed controller as 

demonstrated in simulation results. 

Valluru et al. [11] For a light control system, with an accelerated update 

methodology, Multi-Objective Particle Swarm Optimization (MOPSO) is  
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introduced for tuning Proportional Integral Derivative (PID) controller. 

In recent days, there is an exponential increase in energy demand, so it is 

necessary to use it in an effective manner. Here, in office, use of light is 

tackled by it where, over entire workplace, it is enough it give uniform 

illumination via combination of arterial and natural lighting.  

At a constant level, in a room, regulation of light amount is mainly 

focused in this research, irrespective of disturbances from outside like 

weather conditions. Thus, in building rooms, for light amount’s closed-loop 

regulation, designed a control system. Major advantages includes high 

comfort level and continuous energy saving. In complex systems like light 

control environment, better performance can be produced using this MOPSO 

as obtained in results. 

It shows the shape and size of dependance of optical properties of nano 

structure. A novel particle swarm optimization (PSO)s based technique to 

tune automatic gantry crane control’s PID controller. A recent evolutionary 

algorithm based optimization technique is PSO and it is a computationally 

effective technique. Computation of gantry crane system’s optimal PID gain 

using PSO technique is presented in this work in min-max optimization 

fashion. 

For driving nonlinear plant, a satisfactory PID control performance is 

produced using proper tuning as shown in simulation results. In short time, 

crane’s trolley can be moved effectively using this controller and at end  

position, on trolley, hanging payload’s swing angle is cancelled. Also tested 

the controller’s robustness.  

 

3 Proposed Methodology 
 
For enhancing multi-loop NL-PID controllers, proposed an Enhanced 

Genetic Algorithm (EGA) in this work, which exhibits high efficiency and 

more robustness.  
 

3.1 Design of Multi-Loop LPID & NLPID Controller 
 

In recent days, with the development in technology, Gantry Crane 

System (GCS) is made as a suitable heavy machinery transporter in 

industries. For loading and unloading huge materials, various materials are 

transferred from one location to another location using GCS. With 

extraordinary precision, heavy loads must be moved.  

Two or more legs are used for supporting this. On GCS top, GCS trolley 

is designed for moving and bringing heavy loads in left or right direction 

along crane’s horizontal bridge rail until accomplishing desired location. 

For motion, it is required to have crane acceleration and undesirable load 

swing are induced by this. While uploading, at higher speed, there will be a 

large swing angles which makes the settling down of payload as a difficult 

one. Until payload stopping from swaying, huge time is required. Efficiency  
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drop, load damages and accidents are caused by this unavoidable 

frequently load swing. 

Because of this, for stopping, trolley and swing at an accurate position, 

experience and expert operators controlling majority of GCS. Safety of 

operator are effected by payload and trolley vibration and increase in heavy 

loads, will leads to more dangerous and around working areas, it will have 

major impact on employees.  

There are two blocks in closed loop control, for Gantry Crane Dynamical 

System. They are, meta-heuristic Fully Informed Particle Swarm 

Optimization algorithm and nonlinear controller. Expression for conventional 

control feedback PID controller is expressed as,  

 ( )       
 

 
   

  

   
   ( )   (1) 

Where, dynamic system’s time constant is represented as 𝜏> 0 and 

positive constant is represented as 𝛼, 

∅ = [      ] ∈𝑅3
, ( ) = 

 

 
 

 
 

  

   

    (2) 

Where, error signals are represented as        and are further 

expressed as:  

      ( )       (3) 

      ( )      (4) 

      ( )      (5) 

( ) = ( ) − ( )       (6) 

Where, between measured output and set point, difference or error signal 

is represented as  ( ), derivative gain is represented as D, integral gain is 

represented as  𝑝,proportional gains are represented as 𝑦𝑟( ) − 𝑦( ) and are 

bounded by a defined range. For above mentioned variable’s, there is a need 

to have two separate controllers and for cart trajectory and swing angle, 

which are the error signal function, minimization in an effective manner, 

these controllers are used.  

 

3.2 Hyperbolic Tangent based Non-Linear Design  
 

In neural networks, Hyperbolic Tangent function is utilized as a non-

linear activation function in general. In a continuous fashion, highly negative 

input values are compressed as -1 and highly positive input values are 

compressed as +1 in this. In a bounded region, correction signal is 

constrained using this behavior result and there wont any rise in voltage error 

because of high values. Expression (7) represents hyperbolic tangent 

function. 

 (   )  
        

             (7) 
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Where, incoming signal is represented as    constant value is 

represented as  > 0 and is used for ensuring gradation biasing is accustomed 

within requisite limits, which is illustrated in Figure 1. 

 

 
Figure 1 Hyperbolic Tanh Function with Various Biases 

 

For negative errors, negative output will be produced by tanh 

function. Further, in zero correction, zero results are produced. For any 

robust controller, this is a pre-requisite. There will be avoidance of any 

haphazard movement because of constrained output. These hyperbolic 

tangent function’s features makes it as an effective error corrector and input 

tracker. In this nonlinear PID controller design, employed the expression (8) 

to (10). 
 

       ( ( )     ) 

       ( ( )     )     (8) 

       ( ( )     )     (9) 

 

3.3 Tuning of MLPID using Enhanced Genetic Algorithm (EGA) 
 

For progressing multi-loop NL-PID controllers, proposed an EGA 

algorithm in this work, which show higher efficiency and more robustness. 

The natural evolution process are mimicked in stochastic global search 

technique called Genetic Algorithms (GAs) and it is a type of optimization 

technique. There is a constant enhancement in computational systems, which 

makes EGA as an optimization tool. 

Without any knowledge about correct solution, genetic algorithms are 

initiated. Response received from environment makes its entire operation and 

best solution is arrived by using evolution operators like mutation, crossover 

and re-production. Convergence to sub optimum solutions and avoidance of 

local minima are done in this algorithm by imitating at various independent 

points and parallel search.  
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With an initial chromosome, GA is initiated and fitness values are 

checked. Fittest chromosomes are assigned as parents and they are mutated, 

crossed over and reproduced further. For fitness value, offspring is checked 

and from population, it is neglected or taken according to this value. 

Binary strings are converted into real values for evaluating every 

chromosome’s fitness. These values are termed as PID parameter values and 

in its objective function also termed as fitness function, they are substitutes. 

Every chromosome is encoded as a real number in converting process using 

below mentioned expression. 

             (     𝑟    )  
(     )

     
  (10) 

For computing initial fitness value, objective function is passed with 

every PID parameter set. The objective function used in this study are 

integral absolute error (IAE) and mean square error (MSE) and they are 

derived from PID control system as shown in figure 3. Minimum fitness 

value are computed using EGA. 

Then, there is a selection process on fitness values and its respective 

chromosome. In population, individuals are selected based on fitness value, 

individual with high value of fitness will have high chance of selection. 

Population diversity and selective pressure are adjusted using this and it will 

leads to GA searching performance enhancement. 

Proceeded with crossover operation is applied after the completion of 

selection process. Selected single point crossover is used for basic GA. One  

cut-point is selected randomly by two mating chromosomes and two parent’s 

right part are exchanged for generating offspring.  

after selection of GA, it was Performed the mutation and crossover 

operation. In next generation, in population, in every chromosome, binary 

strings of it need to be decoded as a real numbers. New fitness values are 

computed by sending new PID parameter set to PID control system. Through 

steps 3, 4 and 5, this process is sequentially continued and until generations 

end, where best fitness is produced, this will be repeated. Figure 2 shows the 

GA algorithm’s flowchart.  

 
Figure 2 Chromosome of PID Parameters 

 

Algorithm 1: EGA procedure 

Begin t ← 0; 

For       epochs 

For       𝑟        

𝛼 feasible solutions are generated randomly; 

 Initialize P(t) Using encoding routine, P(t) is initialized;  
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for   = 1 to   do 

P(t) is evaluated using decoding routine; 

Elitism count  e = 𝛼 ∙  ; 

While (not terminating condition) do  

From P(t), C(t) is created using crossover routine;  

Best solution S is selected 

Crossover count nc = (𝛼 −  e)/2 ; 

From P(t), C(t) are created using mutation routine; 

 Using decoding routine, C(t) is evaluated;  

From P(t) , P(t +1) is selected and C(t) using selection routine is 

selected;  

From S, two solutions 𝑋𝐴 and 𝑋𝐵 are selected randomly 

update S 

t ← t +1;  

end  

output best solution  

end 

These hyper parameters values are computed using trial and error 

technique. After 30
th
 iteration, gain parameters optimum values are obtained.  

 

 
 

Figure 3 Cost Function vs Iteration 

 

4 Experimental Result and Validation 
 

A sinusoidal of 0.3m amplitude at 0.1 Hertz frequency is set as desired 

cart trajectory. Operating duration is 100 seconds. Pendulum is hit at 20 

seconds interval and thereby displacing it from set point. Time required for 

stabilizing after giving manual perturbation is selected as a metric figure 4 

and figure 5 for quantifying controller performance. For enhancing 

robustness, efficiency and making fast response, proposed MGA algorithm 

technique is used.  
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Figure 4 Performance of ML-NLPID Tanh Controller 

 

 
 

Figure 5 Performance of ML-LPID controller  
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5 Conclusion 
 

The hyperbolic tangent function is used for designing nonlinear PID and 

EGA algorithm is used for tuning linear PID. Fast as well as widely 

applicable single-loop is provided using PID tuner. With desired response 

time, robust design is achieved by selecting PID controller parameters using 

this technique. From the model, a linear plant model is computed 

automatically using software while launching PID tuner and initial controller 

is designed. In two design modes, according to design criteria, in PID tuner, 

manual adjustment of controller can be done. PID parameters are computed 

by tuners for robustly stabilizing the system. At last, designed controller 

parameters are exported back to PID controller block using this and 

controller performance are verified. In a gantry crane system, position are 

controlled using a PD and PID controller and payload oscillation is reduced. 

In closed loop, constructed a controller and it made insensitive to system 

parameter changes. Desired position can be achieved using proposed 

controller in an effective way and payload oscillation is minimized as shown 

in simulation results. On system, while doing real-time analysis, in an 

average of 1.4563s, the system is stabilized using nonlinear PID, whereas 

1.5875s is needed by linear PID. When compared with linear PID, more 

efficient, robust and fast behavior is exhibited by nonlinear PID tuned using 

EGA as validated.  
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