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Abstract.  This paper is focused on modeling, simulation 
and validation of the mathematical model of a loading 
bridge by comparison to the real system. A Lagrangian 
modeling method is presented to define a mathematical 
model of the loading-bridge dynamical system. Using the 
Matlab–Simulink simulation environment we have esti-
mated the parameters and validated the model with 
regard to the experiments on the real device.  The dis-
crepancy between the simulated and the measured 
responses was adequate. Hence, we can conclude that 
the developed nonlinear model provides a satisfactory 
description of real system behaviour. Using the model, 
we designed a fuzzy controller for controlling load posi-
tion and load height. The obtained controller has also 
been tuned and tested on the real device. 

Introduction

1 Description of the Loading 
Bridge 

Figure 1: A scheme of the loading bridge with annotated 
quantities:  – driving force on the cart,  – 
swing angle of the load,  – rope length,  – cart 
position,  – cart mass,  – load mass,  – cart 
velocity,  – load velocity,  – horizontal com-
ponent of load velocity,  – vertical component 
of load velocity. 
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Parameter Value 

r 0.3183 m 
mt 0.2 kg 
m1 5.5 kg 
m2 0.143 kg 

Table 1: The measured parameters of the loading 
bridge. Here, r is the radius of the winch, mt is 
the mass of the winch, m1 denotes the mass of 
the cart and m2 the mass of the load. 

2 Derivation of the 
Mathematical Model 
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3 Simulation and Validation of 
the Mathematical Model 
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Figure 2: Simulation scheme of the nonlinear model of 
the loading bridge. 

Figure 3: Measurement scheme for acquiring real loading-
bridge response signals. 

3.1 Parameters of the nonlinear model 

l

Figure 4: Validation input signal (positive and negative 
steps: 2 V and -2 V, respectively) for the cart and 
response comparison between the nonlinear 
model (blue line) and the real device (red line). 
The rope length was constant (l = 0.7 m). 
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4 Tracking Control of the Load 
Along the Reference 
Trajectory 

Controller Variable 
Lower  
Limit 

Upper 
Limit 

Unit 

Cart 
position – x 

Error xr – x -3 3 [m] 
Velocity  -0,7 0,7 [m/s]

Swing angle  -45 45 [°] 
Motor voltage -3 3 [V] 

Rope length – l 

Error lr – l -3 3 [m]

Velocity  -0,7 0,7 [m/s]

Motor voltage -10 10 [V]

Table 2: Input and output variables and their respective 
ranges for both fuzzy controllers. 

Figure 5: Membership functions of the input and output 
variables of the fuzzy controller for cart position. 
Trapezoidal, triangular and Gaussian  
membership functions are used. 

Figure 6: Membership functions of the input and output 
variables of the fuzzy controller for rope length. 
Trapezoidal, triangular and Gaussian  
membership functions are used. 

If (Error is NB) then (Voltage is NB)
If (Error is PB) then (Voltage is PB)
If (Error is NS) then (Voltage is NS)
If (Error is PS) then (Voltage is PS)
If (Error is NS) and (Velocity is PB) then (Volt-
age is NS)
If (Error is PS) and (Velocity is NB) then (Volt-
age is PS)
If (Error is ZE) then (Voltage is ZE)
If (Angle is N) then (Voltage is ZE)
If (Angle is P) then (Voltage is ZE)

lr – l

u

xr – x

u 
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Figure 7: Control scheme with two fuzzy controllers. The 
same controllers are implemented in the simula-
tion experiment using the nonlinear model and 
in the experiment using the real device. 

Tz

T1 

T2

Figure 8: Comparison between the responses of the 
model (red line) and of the real device (green 
line), with regard to the reference trajectory 
(blue line). 

Figure 9: Control signals for cart position (left) and for 
rope length (right). Red line – nonlinear model; 
green line – real device. 
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Figure 10: Trajectory of the load: reference (blue line), 
simulated model response (red line), real device 
response (green line). Tz = [0,0.185] – initial  
position; T1 = [1.2,0.6] – first reference goal-point; 
T2 = [0.5,0.3] – final reference goal-point. 
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5 Conclusion References 

Metode modeliranja – Zapiski 
predavanj

Modeliranje procesov: zbirka 
primerov z ilustracijami v okolju Matlab-Simulink

Amira PS600 V2.0; Laboratory Experiment Loading 
Bridge

Modeliranje procesov

Simulacija 
dinami nih sistemov, 


