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THERMAL-OPTICAL PLANT 

uDAQ28/LT 
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uDAQ28/LT 

• Communicates with PC 
via USB 

• Two plants in one 

– Thermal 

– Optical 
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Inputs/Outputs 

•3 inputs 

•Bulb voltage (heating + light emission) 

•LED voltage (add. light source) 

•Fan voltage (cooling) 

•6-7 outputs (depend on FW) 

•Temperature 

•Filtered temperature 

•Light intensity 

•Filtered light intensity 

•Fan current 

•Fan speed 
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Simulink Model 
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Simulink Model 
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First experience (exnum:1) 

• Set the bulb voltage to 5V, then watch the output of 
the light channel 

• Watch the change of the light channel output when 
changing the LED voltage 

• Watch the thermal channel output while changing 
the bulb voltage and fan voltage 
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I/O CHARACTERISTIC MEASUREMENT 
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Experiments 

• Measure I/O characteristics 

– Use Exnum: 2 

• You will be provided by 3 figures as followed in next 
3 slides 

• Put down intervals in which values of  K and Td range 
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I/O characteristic 
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Process Gain 
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Dead time 
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FYI- Step responses 

• To plot step responses which is the I/O 
characteristics obtained from use 

• stairs ( yl ( : , 1 ) , yl ( : , 4 ) , ’ k : ’ ) 
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FEED FORWARD -> I0-CONTROLLER 
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Static feed forward 

•Modify the Simulink model 
to use the inverse process 
gain to control the plant  
•Do not forget to add the 
input saturation in the 
model, the bulb voltage is 
limited from 0V to 5V 
• Add the setpoint signal to 
the light intensity scope.  
•Set the simulation time to 
infinity. 
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Static feed forward 

• Make multiple setpoint steps in a wide 
operational range. 

•  It can be done while 
 the experiment is 
 running. 
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Static feed forward 

• You should observe a steady state error in several 
working points. 

•  The smallest steady state error can be seen around 
the point where the process gain was measured.  

• It is not difficult to conclude that the process 
parameters vary through the operational range, in 
other words the I/O characteristics of the non-
filtered light channel is not linear. 
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FI0-controller 

The disturbance observer can be added to the static feedforward control to 
compensate the steady state error. To obtain a structure equivallent to I-controller, the 
pre-filter with time constant equal to the observer time constant has to be added as 
well. 
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FI0-controller 

• Use exnum: 3 to start experiment with FI0-controller 

• Tuning of the controller requires information on a process 
gain and approximation of the non-modelled dynamics - 
usually by the dead time. 

• Feel free to modify the model to make your own setpoint 
steps sequence.  

• The goal is to achieve quick non-overshooting transients.  

• Use the lowest, the average and the maximum process gain in 
the controller tuning. 
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FI0-controller 

• Use exnum: 3 to start experiment with FI0-controller 

• Tuning of the controller requires information on a process 
gain and approximation of the non-modelled dynamics - 
usually by the dead time. 

 

u

ni_rec

1

Tp.s+1

Transfer Fcn3

1

Tfil.s+1

Transfer Fcn2

1

Tfil.s+1
Transfer Fcn1

Thermo-optical

Plant

I/O Interface

Temperature1

Saturation1Repeating
Sequence

1/K

P reg1

Light
intensity1

0

LED

1/K

Gain2

1
Gain1

0

Fan

11.3.2011 

20 



I N V E S T I C E  D O  R O Z V O J E  V Z D Ě L Á V Á N Í  

I0,FI0-controller 

• exnum: 3 

• Td=max(Td) 

• K = min, avg, max 
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Results 
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Robust tuning 
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Experiments results 
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