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Premise 
Heat conduc2on problem has approximate 
discrete model 

where y is a vector of measurable temperatures. 

Expect characteris2c solu2ons of the form 
(similar to separa2on of variables in a con2nuous 
heat conduc2on problem) 

λι = decay rate, ui = mode shape 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A ˙ y = By

€ 

y
i
(t) = cie

−λi t ui

Goal 
Es2mate characteris2c parameters λι and mode shapes ui of 
heat conduc2on from sampled temperature 2me‐history 
data, means removed. 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Modal Decomposi2on [1] 
Ensemble matrices  

Y  has columns                   j = 1,…, n  
V  has columns                   j = 1,…, n 

Correla2ons  

Eigenvalue problem (matrix form) 

Modal matrix  

 ui are columns of 

 are eigenvalues 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RΨΛ = NΨ
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U = Ψ−T
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y( jΔt)
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˙ y ( jΔt)

€ 

R =YYT /n

€ 

N =YV T /n

Temperature Snapshots 

Simula2on Example:  “Hot Rod” 
Heated rod, suddenly applied temperature T0 at leQ end, 
insulated at right end.  Type X12B10T0 [2]. 

Es2mated Decay Parameters λi 

Es2mated Mode Shapes 
‐‐‐ true modes, o es2mated modes 

Summary and Conclusion 
• Heat conduc2on problems have characteris2c 
modes and decay rates 
• A state‐variable modal decomposi2on method 
has been adopted to extract the modal 
informa2on from 2me‐history temperature data 
• The method was tested on a simulated heated 
rod 

• With no noise, the method works very well.   

• With added noise, the slowest modes are 
recoverable 
• Future work can address coping with noise and 
applying to experiments 

Extracted Exponen2als 

Effects of Noise 
Uniformly dis2buted between ±2‐8. One or 
two modes es2mated. 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Noisy temperature snapshots 

Noisy es2mated mode shapes 

Noisy extracted exponen2als 

Rod temp = y(x,t) 

Heat (Temperature = T0) 
at x = 0 

Insulated at 
x = L = 1 

x 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