
 
The data provided was obtained from a system with transfer function 

 

where p is unknown. Use the least-squares method to determine the value of p. 

Load data 

 

The parameter vector  is found via 



Hence the value of p is 

Note that for this simple example,  and  are 1-dimensional, this problem is really just 
all about finding the slope of the Y-vs-PHI line: 

 



 
A Simulink block that models a nonlinear spring-mass-damper system is provided. 

 

 

 

amplitude 0.25 and 1.0 and no measurement noise. 

Run system. 



Plot. 

For each set of data, use the least-squares method to estimate the systems transfer 
function. Try a few values for the degrees of the numerator and denominator 
polynomials m and n. Check the quality of the model by following the validation 
procedure outlines above. 

Important: write MATLAB scripts to automate these procedures. These scripts should 
take as inputs the simulation data upkq, ypkq, and the integers m, n. 

Please see the documentation for the my_id.m function in this same directory. 



The lecture notes says that to evaluate the quality of the model, we look at the SSE 
and the max and min singular values. 





In both the 0.25-step and 1.0-step cases, we observe that the SSE decreases sharply 
between n=1 to n=3. The minSV gets pretty small, but not too bad. Hence n = m = 3 
(or 4) are the best values to be chosen. 

Here are the estimates of the n=m=3 transfer function, for each of the two step sizes:

measurement noise with intensity 0.01. 

For the best values of m and n determined above, plot the SSE vs. the step size. Which 
step-size leads to the best model? 





This figure shows the SSE vs. the step size for the 0.25-step and 1.0-step. Clearly, the 
SSE for a step of size 0.25 is smaller. However, choosing a small input will result in a 
small output which will be more difficult to measure in presence of noise. 



 
Use the data provided to identify the transfer function of the system. Use the 
procedure outlined above to determine the order of the numerator and denominator
polynomials. Plot the largest and smallest singular value of R and the SSE as a 
function of n. 

Important: write MATLAB R scripts to automate this procedure. These scripts should 
take as inputs the simulation data u(k), y(k), and the integers m, n. 

Get data. 

For each of a few guesses of model order, identify the numerator and denominator 
coefficients. 

Plot. 





 

 

 

 

Consider a continuous-time system with transfer function 

 

Build a Simulink model for this system and collect input/output data for an input 
square wave with frequency .25Hz and unit amplitude for two sampling frequencies 
Ts = .25sec and Ts = .0005sec. 

Run the system. 



-sampling. 

down-sampled. 



Briefly comment on the results. 

With more data, we can better understand the behavior of our system. However, using 
a lot of data pairs may increase the estimation error due to possible singularity of 
resulting large matrices (and other similar issues). Therefore, it is better to collect 
more data and then down-sample the result before identification. As it can be seen, 
this approach has ended up with the least SSE and best approximation of the TF. 


