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ABSTRACT 

This paper presents a state feedback controller design for a gantry crane. The controller is designed via 

pole placement in a Linear Matrix Inequality (LMI) region. Firstly, a stabilization condition which 

constrains the closed-loop poles of the system to be located in an LMI region is formulated in form of 

linear matrix inequalities (LMIs). The stabilization conditions guaranteed the system stability and gives 

satisfied transient performance. Based on the formulated stabilization conditions, a state feedback tracking 

controller is proposed for trolley position tracking and swing angle control of the gantry crane system. The 

performance of the proposed controller was investigated via simulations. The simulation results showed the 

proposed control scheme reduces the maximum payload oscillation by 48.28% when compared to PID 

control Scheme. 
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1. INTRODUCTION 

 

A gantry crane system is an under-actuated 

electromechanical system that is commonly used 

in industries for heavy and high-volume loads 

transportation. The under-actuated nature of the 

gantry crane system results in an undesirable 

oscillations of the suspended un-actuated 

payload. These payload oscillations adversely 

affect the accuracy of the payload transportation 

and may present a safety hazard to employees, 

transported payload and the surrounding objects 

[1].  

To achieve safe and accurate payload 

transportation, the gantry crane system requires 

controller for trolley positioning and payload 

oscillations suppression [2].  

In recent years various control techniques have 

been reported in literature for controlling the 

gantry crane system such as: input shaping [3], 

adaptive output-based command shaping [4], 

Genetic Algorithm Based LQR [2], Predictive 

Control [1], PSO-based PID+PD [5-7], hybrid 

input shaping and PID [8], fuzzy scheduling 

control scheme [9],  fuzzy PD [10], robust H-

infinity control [11], LMI based control [12] and 

LMI based H-infinity control [13] .  A 

comprehensive review of crane control 

techniques proposed in literature for the past few 

years can be found in [14].  

These control techniques mentioned can be 

broadly categorized as open loop and closed 
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loop. Open loop control schemes are cheap and 

easy to implement since no sensors required. 

However, they are sensitive towards external 

disturbances which may results in payload 

oscillations. Although, closed loop techniques 

are less sensitive to disturbances and parameter 

variations, they are slow due to the input delay in 

the feedback loop, hence less efficient.  

Therefore, the trade-off between safety (less 

payload oscillations) and efficiency (fast 

performance) of the crane’s operations is a 

challenging problem. 

In this paper, an LMI–based state feedback 

controller is proposed for gantry crane system.  

The controller is aimed at tracking the desired 

trolley position as well as suppressing the 

payload oscillations.  

The rest of the paper is organized as follows: 

Section two presents the gantry crane system 

model description, whereas section three presents 

the proposed controller design. Section four 

presents the simulation results and finally the 

conclusion is made in section six. 

 

2 GANTY CRANE SYSTEM MODEL DESCRIPTION 

 

The schematic diagram of the gantry crane 

system is shown in Figure 1 [5].  

 

Figure 1: schematic diagram of gantry crane 

system [5] 

 

The parameters and variables m1, m2, l, x ,θ, T 

and F represents the payload mass, the trolley 

mass, the cable length, the horizontal position of 

trolley, the swing angle, the torque and the 

driving force respectively. 

 

2.1 Dynamic model 

The dynamics of the gantry crane system can be 

described by the following nonlinear equations 

[15]: 

 

 

 

 

The dynamical equations were derived using 

Lagrange method based on the assumptions that 

the mass of the trolley cable and that of the 

hanged load are negligible. 

The parameters and variables of the system are 

shown in table 1[6]. 

 

Table 1: Parameters and the Variables the 

system [6] 

Parameter Value /Unit 

Payload mass (m1) 1kg 

Trolley mass (m2) 5kg 

Cable length (l) 0.5m 

Gravitational acceleration (g) 9.81m/s
2 

Damping coefficient (B) 12.32Ns/m 

Resistance (R) 2.6Ω 

Torque constant (KT) 0.007Nm/A 

Electric constant (KE) 0.007Vs/rad 

Pulley radius (rP) 0.02m 
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Gear ratio (z) 15.0 

Motor input voltage (V) V 

Trolleyhorizontal position (x) m 

Swing angle (θ) rad 

 

2.2 Simulink model 

The Simulink model, as shown in Figure 2, is 

developed using equations (1) and (2) for the 

purpose of the gantry crane system simulation. 
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Figure 2: Simulink model of the gantry crane 

system 

 

2.3 Linear model 

For the purpose of controller design the nonlinear 

model is linearized. The linearization is done 

based on the assumption that θ is very small (sin 

θ ≈ θ and cos θ = 1). Therefore, the linearized 

equations can be obtained as [16]: 

 

 

 

 

 

Substituting the parameters in table 1, the state 

space description of the system can be obtained as: 

 

 

Where 

 

  

  

 

 

 

 

3 PROPOSED CONTROLLER DESIGN 

 

The proposed controller pole placement based 

state feedback controller.  The control is 

achieved by placing the closed loop poles of the 

system in an LMI region. 

3.1 Pole Placement in LMI Region 

The stability and transient response of a linear 

system depends on the location of its poles in the 

complex plane. 

Consider a linear dynamic system: 

 

The system in equation (7) is said to be 

asymptotically stable if all its poles lie in the left-

half plane (that is, all eigenvalues of A lie in the 

left-half plane) as shown in Figure 3.  
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Figure3: Left half-plane (asymptotic stability) 

 

This is characterized in LMI terms by Lyapunov 

theorem. The theorem can be stated as follows 

[14]: 

The system in equation (7) is said to be 

asymptotically stable if there exist a real 

symmetric matrix P satisfying the following 

LMIs [17]: 

 

The LMIs in (8) gives the stability conditions for 

the system in equation (7). 

In most cases system stability alone may not give 

satisfactory transient performance. Therefore, to 

get satisfactory transient response of the closed 

loop system, the closed loop poles need to be 

placed in a prescribed sub-region (LMI region) in 

the complex left half plane. 

An LMI region is a subset of the complex plane 

which is represented by a linear matrix Inequality 

(LMI) [17]. 

LMI regions exist in different shape such as 

circular, sector, and horizontal strip. 

The LMI region considered in this work is shown 

in Figure 4. It is a combination of circular and 

vertical strip LMI regions. 

 

Figure4: LMI region 

 

The system in equation (7) will have all its poles 

lying in the LMI region of Figure 4 if and only if 

there exists a symmetric positive definite matrix P 

such that [17]: 

 

 

 

The LMIs in (9) and (10) represents the vertical 

strip, while the LMI in (11) represents the circle 

centered at  with radius . 

3.2 Proposed Controller 

Figure 5 shows the block diagram of the proposed 

control system, where Xis the state vector, Uis the 

control input,r is the reference input vectorKis the 

controller gain vector and N is the reference input 

scaling factor vector. 

 

Figure 5:Proposed control system block diagram 

 

From Figure 3, the control law can be written as: 
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Substituting the proposed control law of equation 

(12) in to the linear model of the crane system in 

equation (5) gives: 

 

 

At steady state: 

 

 

Here, the control goal is to make the system 

states X track the reference inputs r at steady 

state. Thus;  

 

Substituting equations (15)-(17) in equation (13) 

gives:  

 

Hence, 

 

Pre multiplying both sides of equation (19) by 

B
T
yields: 

 

Pre and post multiplying both sides of equation 

(20) by gives: 

 

From equations (13) and (14): 

 

Substituting equation (22) in (9)-(11) gives the 

following LMIs: 

 

 

 

 

Where:  

 

 

By solving the LMIs in (23)-(26), P and M can be 

found. The controller gains K can then be obtained 

by substituting P and M in equation (27). The 

reference input scaling factor N can then be 

obtained using equation (21). 

The following MATLAB code solves the LMIs 

(23)-(26) to obtain K and N: 

 

 

Running the above MATLAB code gives the values 

of K and N as: 

 

 

4 SIMULATION RESULTS 
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The performance of the proposed controller was 

investigated via simulations in Simulink. The 

simulation results are compared with those from 

the work in [6] which used a combination of PID 

and PD controllers. The parameters of the PID 

controller are given as: , 

, , while the 

parameters of PD controller are: 

, . 

Figure 6 shows the Simulink model of the gantry 

crane system with the proposed controller, 

whereas Figure 7 shows the system with the PID-

PD controller. 
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Figure 6: Simulink model of gantry crane system with 

the proposed controller 
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Figure 7: Simulink model of gantry crane system with 

the PID and PD controller 

4.1 Tracking Performance 

The simulation was carried out with the desired 

trolley position of 1m and the desired swing 

angle of 0
0
. Figure 8 through Figure 10 show the 

simulation results.  
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Figure 8: Position Response 
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Figure 9: Swing angle Response 
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Figure 10: Control signal 

 

Both the PID-PD controller and the proposed 

controller tracked the reference position as well 

as the swing and as shown in Figures 8 and 9 

respectively. However, the PID-PD controller 

tracks the reference position faster than the 

proposed controller; whereas the proposed 

controller reduces the maximum swing amplitude 
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occurred in case of PID-PD control by 48.28%. 

From figure 10, it can be seen that the initial 

control signal required by the PID-PD controller 

is very high when compared to that required by 

the proposed controller. 

 

4.2 Effect of parameters variation  

The robustness of the proposed controller is 

investigated due to parameter variation and the 

result is compared with that from the PID-PD 

controller. The simulation is carried out with the 

payload mass and cable length doubled. Figure 

11 through Figure 13 show the simulation result. 
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Figure 11: Trolley position with parameters 

variation  
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Figure 12: Swing angle with parameters 

variation 
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Figure 12:Control Signal with parameters 

variation. 

 

From figures 11 and 12, it can be seen that, both 

controllers track the trolley position and the 

swing angle. However the, PID-PD controller 

has higher overshoot in the trolley position and 

more oscillations in the swing angle.  

The control signals under this condition are 

shown in figure 13, which shows that, higher 

initial voltage is required using PID-PD 

controller. 
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5 CONCLUSION 

 

An LMI based state feedback controller was 

designed for position tracking and swing angle 

control of a gantry crane system. The 

performance of the proposed controller was 

compared with that of a PID-PD controller in 

terms of reference command tracking and 

robustness due to parameter variation via 

simulations. The simulations results showed that 

both controllers tracked the reference position 

and reference swing angle; however the proposed 

controller performed better than the PID-PD 

control scheme in terms of reducing the 

maximum swing angle by 48.28% and reducing 

the required initial control signal by 92.17%.  
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