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Real Single Inverted Pendulum with LSM  
 
 
Possible applications  
 Analytical identification of underactuated systems 
 Experimental identification of underactuated systems 
 Hybrid control of underactuated systems 
 
 
Technical equipment: 
 Servomotor KINETIX 6500 with frequency converter 
 CompactLogix PLC 
 IRC sensor for motor position 
 KINAX-2W2 programmable angle converter 
 RSLogix 5000 
 DDE protocol 
 MATLAB/Simulink 

Implementation of the Real Single 
Inverted Pendulum with LSM into the 

Distributed Control System 

Identification of the Real Single Inverted Pendulum with LSM  
 
Firstly, the unknown parameters of the cart equation were identified using ARX function. Then, the 
damping coefficient of the pendulum equation was identified to obtain the complete nonlinear model. 

 

 
 
 
 
 
 
 
 

Mathematical Model of Single Inverted Pendulum with LSM 
 
Mathematical model of the single inverted pendulum was obtained with the help  
of GUI  Inverted Pendula Model Equation Derivator v3 
 
 
 
 
 
 
 
 
 
 
 
Equation of a cart: 
 
 
 
 
Equation of a pendulum: 
 
 
 
 
Since the laboratory model does not allow force input on the system, the equation 
for the cart has to be modified into the form: 

Hybrid Control of the Real Single 
Inverted Pendulum with LSM  
Hybrid control consists  
 swing-up (based on nonlinear model) and  
 stabilization(based on linear model)  
control objectives 

Linear approximation for the Real 
Single Inverted Pendulum with LSM 


