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1. The method for testing validity of the converted software

Our goal is to test the validity of the software that Joseph developed. For doing this, a two-staged method is designed. Suppose the model for estimating unknown parameter vector is from the following ODE form:

x’(t) = f (x(t), p)  …... (1)

y(t) = g (x(t), p)   ...... (2)

p ∈ [P0]

where x is the state vector, y is the measurement data vector, p is the parameter vector to be estimated. We carry the following three steps, with a two-facet calculation:

(1) Measurement estimating y with some pre-setup p
Take some value for p, and f, g already defined, we resolute equation (1) with VNODE or Matlab the x, then put into equation (2) for the y. This y is thus considered as estimated measurement.

(2) Parameter estimating p with the calculated y

Now facing the model again, but we are in the parameter estimating mood. Using set inversion techniques with the software already developed, we calculate the new p, which denoted as p.

(3) Comparing p and p, get some observations and draw to some conclusions, possible modification to the software.

This is actually a black box testing, we go over the model twice with different algorithms. Numerical errors from first step should be considered during comparison (how?). See the following illustration. Once our testing on the software is done, we could elaborate on the real measurement data from experiments and do “real” parameter estimation.


2. Model for conductivity and diffusivity

The CERTES device and paper provide us the model and data, the thermodynamic model (after several simplicity assumptions) is: (x is the spatial variable along linear spread of heat)

ρC dx (T/(t = λ( ((T/(t) / (x

(2.1)

To get rid of partial differentiations we use finite difference method for unidimensional case, which replaces partial differentiation by midpoint average on direct division of Δ quantities. Thus the above equation varies into:

ρC Δx dTi/dt = λ(Ti+1–2Ti + Ti-1) /Δx

(2.2)

The Ti’s are temperature at the spatially discrete points on a linear direction. This equation holds for each material level (there are totally four materials), which means when k varies between 1,2,3 and g, it holds for the brass, the sample, the copper, and the grease layer.

ρk Ck Δxk dTi/dt = λk (Ti+1–2Ti + Ti-1) /Δxk

(2.3)

But on the interface of two layers, both thermal influence shall work, i.e. an arithmetic average of the two layers is presented:

1/2 (ρk Ck Δxk + ρk+1 Ck+1 Δxk+1) dTi/dt = 

(λk /Δxk )Ti-1–(λk /Δxk +λk+1 /Δxk+1 )Ti + (λk+1 /Δxk+1 )Ti+1 
(2.4)

Also on two boundaries, we have:

x = x0, T0 = T(x0, t)



(2.5)

x = xN,  1/2 (ρ3 C3 Δx3 )dTN /dt = (λ3 /Δx3 )TN-1–(λ3 /Δx3 + h )TN + hTa 
(2.6)

From (2.3) to (2.6) the basic model is given, it is an ODE with vector T. To compute all the Ti’s in Matlab, one can write the model in a matrix form 

CT’ = AT + BE

(2.7)

which explains the equation group intuitively as “the variability of temperature T’ depends on the thermal property of conductor (every point temperature Ti) and the external influence (E)”. 

A, B, C are coefficient matrixes that tell about real quantities.

(-- I have verify all the equations and find several (possible) mistakes. Discuss it later.)

3. Detailed data

A first attempt begins, I took each point at one layer and T = [T0, … T8]T.


From the thermo-physical properties listed in the paper (λ, a =λ/ρC, Δx) for k = 1,2,3, g respectively, I set up the group of punctual equations as following: (take h = 5 W/m.m.K)

T0(t) = 20 + Σ(i=1..5) Ai sin(2πf0 2i–1 t)

15151.51 T1’ = 20000 (T0–2 T1 + T2)

7612.39 T2’ = 20000 T1–22125 T2 + 2125 T3
3635.89 T3’ = 2125 T2–2158.4 T3 + 33.4 T4
7198.5 T4’ = 33.4 (T3–2 T4 + T5)

3635.89 T5’ = 33.4 T4–2158.4 T5 + 2125 T6
17098.14 T6’ = 2125 T5–41025 T6 + 38900 T7
34123 T7’ = 38900 (T6–2 T7 + T8)

17061.5 T8’ = 38900 T7–38905 T8 + 5 Ta
Now I have several doubts:

(1) First, which of λand ρC is the unknown parameters, or just all of them? – And I took their values from the table listed in the paper, are they exact or estimated?

(2) Second, and the most important: how to get the interval form?

(3) There still exist in the model values not sure: Ai, f0 (16mHz), Ta. I didn’t find in the paper.

(4) On digital error: I’m afraid it’s not very strict of my having kept 2 valid digits after decimal.

(5) In the last equation, h seems too small to parallel with other coefficients, is there a fault in h?

(6) Here is f and we can resolve out the x (here is T), then what is the g equation in order to get y?

4. Test and results

(After further work…)
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Fig.1 Two-staged validation
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Fig.2 Thermal device and spatial discreteness








� It should be done strictly following scientific regulation.





