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• Cart moved by a brushed DC motor
along a linear rail

• Motor driver is connected to PLC analog
output

• Can be converted to pendulum on a cart 
system

• As many robust industrial components, 
as possible

• Pos. Resolution: 0.13 mm

• Clogging estimated as ±0.2-0.3 mm

• Min. cycle time: 1 ms
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Linear positioning testbed 
• Software is written in 

TIA portal
environment, control
algorithm is inside a 
cyclic interrupt task



Open-loop CTC 

From measurement

Eg. Mass-spring-
damper system

Not practical in real-life applications!



Closed-loop CTC (traditional method) 

Derivative gain Proportional gain



Closed-loop CTC (traditional method, stability) 

Characteristic equation:

Stable for all positive KD , KP values!
- no integral term
- two parameter to tune



Closed-loop CTC (alternative method) 

Operator



Closed-loop CTC (alternative method) 

State spece
representation



Closed-loop CTC (alternative method, stability) 

Stable for all positive Λ values!

Real parts of all
eigenvalues must 
be positive



Nominal trajectory generation
(if there is no pre-defined one) 

• Simple logical condition for the reference signal:

• Reference „pre-filtering”  to get smooth nominal
tarjectory:

• State-space reprersentation of the trajectory
generation process:

• Smooth velocity and accelaration curves:



System identification 

• „mbK” model:

• „RLBK” model:



State estimator for filtering out position and velocity
signal noise 

• „mbK” model:



Full realized CTC scheme
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Trajectory tracking for Λ=1…15
Integral error, Λ=1...15

Integral error, Λ=7...15



Trajectory tracking for Λ=1..15
Max. absolute error, Λ=1..15

Max. absolute error, Λ=7..15

Max ± 5 mm 
error: 3% relative
error



Best trajectory tracking results Λ=12..13



Possible explanations for oscillations at high Λ values: 

• Unmodelled Coloumb friction, 
proven by a measurement:

Dead band



Demonstration at different events: 

Kutatók éjszakája OE Állásbörze

The publication was prepared in the framework of the grant NTP-SZKOLL-23-0051 (Szakkollégiumok 
tehetséggondozó programjainak támogatása) of the Robotics Students Association of Óbuda University (ROSZ).

The experimental device presented can be converted into an inverted pendulum, which is regularly used at 
events to promote the ROSZ .



Thank you for your attention! 
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