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design 
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SYSTEM IDENTIFICATION AND 

PARAMETER ESTIMATION OF A HOT 

AIR BLOWER SYSTEM 
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OBJECTIVES 

 To determine the mathematical model of 

PT326 using transient response, frequency 

response, and correlation technique. 

 To design a PRBS generator circuit for 5 

maximum length sequence of 15, 31, 63, 127, 

and 255. 

 To verify the mathematical model obtained 

using MATLAB. 

 To make comparison between the three 

techniques used. 
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SCOPES 

 To understand the functions of each element 

in PT326 Process Trainer.  

 To obtain the transfer function of PT326 for 

open-loop and closed-loop setting using 

transient response, frequency response, and 

correlation technique. 

 To understand the characteristic of the PRBS 

signal. 

 Verification of the transfer function using 

MATLAB. 
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INTRODUCTION 

 Mathematical models can be constructed using 
two approaches.  

 a. Analytic approach ( mathematical     

               modeling). 

 b. Experimental approach (system   

                identification).   

   - Parametric 

   - Non-Parametric             
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Hot air blower system 
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Basic components of a hot air 

blower system 
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Process 

• The term process is used to describe a physical or 

chemical change or the conversion of energy.   

• The temperature of air flowing in a tube is the 

process concerned with.  
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Detecting Element 

• The detecting element is a bead thermistor 

connected to one leg of a bridge. 
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Measuring Element 

• The thermistor probe forms one arm of a DC 

bridge which is in balance at 40°C.   

• The bridge output voltage is applied to a DC 

amplifier and produces a voltage varying from 0 to 

-10 volts for an air temperature change of 30°C to 

60°C.   

• The output from the measuring element can be 

monitored at socket ‘Y’ on the front panel. 
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Comparing Element 

• The measured value from the bridge and set  

    value are compared with a summing amplifier.   

• The internal signals of this equipment have been 

arranged to be of opposite sign.   

• Therefore, the output from the summing amplifier 

represents a deviation.   

• This can be monitored at socket ‘B’ on the front 

panel. 
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Controlling Element 

• A signal proportional to deviation is applied  

    to the controlling element.   

• A correcting signal is generated and sent to the 

correcting element.   

• The PT326 is capable of continuous or two step 

control. 
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Motor Element 

• The motor element produces an output which is 

adjusted in response to the signal from the 

controlling element.   

• In the PT326, the motor element supplies power 

(between 15 and 80 Watts) to the correcting 

element 
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Correcting Element 

• The correcting element directly affects the 

controlled condition.   

• The correcting element in the PT326 is a wire grid, 

which heats the flowing air. 
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Dynamic Signal Analyzer 
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CORRELATION TECHNIQUE 
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PRBS SIGNAL 

 An effectively random signal of logic 1 levels and 

logic 0 levels. 

 Can be generated very easily by means of a serial-

input shift register with feedback via an exclusive-

OR gate. 

X-OR 

PRBS out 
Shift register Clock 

PRBS generator circuit 
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 The sequence repeats itself every N = 2n-1 bit 

interval. 

 Bit interval depends on the period of the clock signal. 

CONT… 

PRBS signal for maximum length sequence of N=31 

GUIDE FOR CHOOSING PRBS 

 Use a very long sequence in conjunction with a very 
short bit interval for the PRBS. 



21 

EXPERIMENT SETUP 

Feedback path of the process trainer is 

disconnected for open-loop setting and vice-

versa for closed-loop setting. 

PRBS signal is injected into the system. 

The autocorrelation of the input signal and 

cross-correlation of the input and output signal 

is performed by the DSA. 

At the same time the input and output signal 

are captured by Pico Scope for validation 

purposes. 
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OPEN-LOOP RESULT 

An example of the autocorrelation graph. 

Obtain the bit strength 

Resembles a 

 triangle 

V2 

Δt 

BS=V2/Δt 
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CONT… 

Resembles an  

exponential graph 

y 

t 

y=Ke-at 

The transfer function is the Laplace transform  

of the graph times the reciprocal of the bit  

strength obtain from the autocorrelation graph 

An example of the cross-correlogram. 

*Time delay is delay where the  

  first peak occurred. 

                      1.23e-0.52s 

G(s) =  

                s +1.42 
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CLOSED-LOOP RESULT 

An example of the autocorrelation graphs 

Obtain the bit strength 

Resembles a 

 triangle 

V2 

Δt 

BS=V2/Δt 
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CONT… 

Resembles an  

decaying sine wave 

graph 

The transfer function is the  

Laplace transform of the graph 

times the reciprocal of the bit  

strength obtain from the 

autocorrelation graph 

An example of the cross-correlogram. 

*Time delay is delay where the  

  first peak occurred. 

              7.36e-0.50s 

T(s) =  

            s2 + 3.48s + 13.52 
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VALIDATION 

500 data of the input and output signal of 

the system are captured for every 

maximum length sequence of PRBS signal. 

The data is captured using PicoScope. 

MATLAB is used to obtain the 

autocorrelation and cross-correlation . 

Validation is done using MATLAB. 
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VALIDATION FOR CLOSED-

LOOP SETTING 

    

Autocorrelation of the input signal. Cross- correlation of the input  

and output signal. 
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VALIDATION FOR OPEN-LOOP 

SETTING 

    

Autocorrelation of the input signal. Cross- correlation of the input  

and output signal. 
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TRANSIENT RESPONSE 
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EXPERIMENT SETUP 

Feedback path of the process trainer is 

disconnected for open-loop setting. 

For closed-loop setting the feedback path is 

linked. 

Step input of 2.4V, 0.1Hz is injected to 

     the process trainer. 

The response is captured and displayed on 

the oscilloscope. 
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OPEN-LOOP SETTING 

Input signal 

Output signal 

An example of the frequency response graph captured using oscilloscope 
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Transient response of a first-order system 

CONT… 

A 
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τ 
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t 
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 The standard first order transfer function is shown 

below: 

          Kpe
-Ts 

  G(s) = 

       τs + 1 

Where: Kp = Process gain 

      T   = Time delay 

       τ   = Time constant 

 

 

CONT… 
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12 samples of data are taken and the transfer 

function of the system for open-loop setting is: 

 

        1.50e-0.20s 

  G(s) =  

        s+ 1.52 

 

CONT… 



35 

CLOSED-LOOP SETTING 

An example of the frequency response graph captured using oscilloscope 

Input signal 

Output signal 
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     Transient response of a second order underdamped system 

CONT… 

Cmax 
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T Tp 
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δy 

δu 

t 

Input signal Output response 
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The standard second order transfer function of a 
underdamp system is shown below: 

 

               Kpe
-Ts 

  G(s) = 

       s2 +2ζωns + ωn
2 

 

Where: Kp = Process gain 

   ζ   = Damping ratio 

   ωn = Natural Frequency 

                    T  = Time delay 

    

CONT… 



38 

12 samples of data are taken and the transfer 

function of the system for closed-loop setting is: 

 

               7.76e-0.20s 

  T(s) =  

        s2 + 4.24s + 14.36 

 

CONT… 
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FREQUENCY RESPONSE 
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EXPERIMENT SETUP 

Feedback path of the process trainer is 

disconnected for open-loop setting and vice 

versa for closed-loop setting. 

For closed-loop setting the feedback path is 

linked. 

Sinusoid signal from 3mHz to 1Hz are injected 

to the system. 

The response is captured and displayed on the 

oscilloscope. 
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CONT… 

Analysis for process gain Analysis for phase lag 

δy 

δu 

t 

V 

Δt 

t 

V 

Output signal 

Output signal Input signal Input signal 
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The process gain in decibel (dB) can be 
obtained using the equation below: 

 

  MdB = 20log(δy/δu) 

 

And the phase lag can be calculated using the 
equation below: 

 

  Phase, θ = 360f(Δt) 

 

Where f  = frequency of the signal in Hz 

 

CONT… 
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Input signal 

Output signal 

An example of the frequency response graph captured using oscilloscope 
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25 samples of data are taken to plot the Bode 

plot for open-loop setting as shown below: 

CONT… 

Corner frequency 

ωn=1.67 rad/s 

                        1.92e-0.29s 

G(s) =  

        s+ 1.67 
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25 samples of data are taken to plot the Bode plot  

for closed-loop setting as shown below: 

CONT… 

Corner frequency 

ωn=4.63rad/s 

                                                 12.00e-0.34s 

T(s) =  

           s2 + 5.46s 21.44 
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CONCLUSION 

Correlation 
technique 

 Plant noise will be 
removed by the 
correlation 
operation. 

 Able to perform the 
correlation test 
while the system is 
in normal use. 

 Do not provoke an 
abrupt change in 
the system 
compared to step 
input. 

   

 

 

Transient 
response 

 Sharp change in 
input level can 
cause system 
damage. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Frequency 

response 

 Time consuming 

 Many process do 

admit sinusoidal 

inputs in normal 

operation. 
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SUGGESTIONS FOR FUTURE 

WORK 

Spectral analysis 

 -  A non-parametric approach 

       

Parametric approach 

   - Emphasize more on mathematical than 

      graphical approach. 
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