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Goal

Develop a model that can explain the 

behavior of the vibrating beam system fairly 

well.



Parametric Models

¸ Assume that we only need to know k

parameters to completely know about a 

system.

Ÿ Spring Model

Ÿ Voltage Model
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Let

For a forward problem i.e. given m, c and k, the particular 
solution is: 

Assumptions :

ÅNo external force is acting on the spring.
ÅFriction coefficient, c and spring constant, k do not change 
with time.

For an INVERSE problem i.e. given the data for displacement, 
y and time, t,  estimation of m, c and k needed. 

Spring Model : Inverse Problem
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Spring Model Vs. Raw Data
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Blue represents raw 

data.

Red represents fitted 

values from spring 

model.

Initial guessed values 

for C and K are 0.27 

and 39.00 respectively.
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Spring Model : Residuals-Time Plot
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y2 vs. x

fit 1

fit 1
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Through ordinary 

least squares 

method, the 

optimal 

parameters are C 

= 0.6328 and K = 

38.9301 .

Seems that 

residuals are (still) 

dependent

according to 

residuals-time 

plot, contrary to 

the least squares 

assumptions.
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Voltage Model : A Better Model?
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Yes, though an even 

better model can be 

built.

ñVoltageò model 

captures the real 

phenomenon more 

accurately.

Why so? Includes 

external forces 

unlike the spring 

model, so captures 

the second node too.
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Voltage Model : Residuals-Time Plot
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Apparently, 

residuals are still 

dependent

especially in the 

initial phases.



Nonparametric Models

¸ Allows the data to determine the model.

¸ As observations increase, number of 

parameters increase.

¸ These models fit well, but are practically non-

informative.
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Cubic Spline Model
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fit 1

Seems to fit 

data even 

better.

Why so? 

Cubic spline 

method 

removes 

dependence 

of residuals.
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Smoothing Spline Model
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Lambda = 0.999999


