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Journée SFT : Inversion de données faisant appel a un modele en thermique,
quels apports de l'intelligence artificielle ?




System identification

A model F,that relates the

temperature change y;(z),
() 7=1,....N,, of sensors to the
e Iheat source] o . thermal BC ¢,(¢), 1=1,.. »Ng (can
a0 = ¢ Fp? -F be either a temperature, a heat
U R R p

flux or a source) is identified

|
MA/V\M [sensor 1] y,())  [sensor 2] y,(?) from measurements of those
MJ\/W\ | quantities.

The model « learns » from the
data




Potential applications

Simulation
Control
Estimation of ¢(¢) (IHCP)
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Fy model structure (monovariable system)

> ax D" {y®)} =) Dg(®)} +e(t), ap=1

DE{f ()} =d"f(t)/dt*

Using finite difference discretization for the derivatives, the relation is equivalent to
the family of exogenous auto-regressive structures (AR, ARMA, ARMAX, OE, etc.)

d ooy (t—k)=> Biq(t—k)+e(t), a=1




Heat diffusion in a semi-infinite medium

q(1)

Atx=0 | H(0,p) = =

Let us recall that the solution is: 7(0,¢) =

1
E S
E/m\t !



The non integer derivative

2 (Tp) =sF - S g 4710

Liouville demonstrated that this definition remains exact when v is a real and even
more generally a complex number

D{f(t)} =D"{I""{f(t)}} .n € N,Re(v) > 0,n — 1 <Re(v) < n | Non-integer derivative

I°{f(t)} = F(lv) /o (t —w)" ' f(u)du,Re (v) > 0 | Non-integer integral

o0 \ . . vl (s L.
I'(v) = / w? =L exp(—u) du Convolution product of f(¢) with #*! (infinite memory)
0




New expression of the solution using the non-
integer model structure

7 (% F ) =1r0)

If one wants to use the integer
structure, an infinite number of terms

must be considered

H(0,p) = E\[ ‘ l11/2 T (x,t) = ian”/Q {q(t)}

Optimal model structure for this configuration:

y = [ 1Y%q + ¢ Bign = 1/E




How to calculate the non integer integral ?

Several discretization schemes (Griinwald for instance)

D f(to)N%Z(—l)k (Z)f(to—kh), v >0 (Z) _vv=1) "]{;!(V—/Hl)

k=0

Another way:

1 -1
I”{f(t)}=r(1v)/( 0™ f(u)du, Re (v) > 0 Y 1 {f (1)) (—C) f<t>=1f(o*f<t>,czo

A

(<)

FFT is fast

x f(t)=FFT™! [FFT [F




Illustration
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(simulated from the exact solution)

Noise amp. B1ia (LS, RLS) Bitn =1/E
e=0 [1.26x107*£1.82 x 10714]1.26 x 10~4
e=5% | 1.26 x107*+£1.0x 1077 |[1.26 x 10~*
e=10% | 1.26x107*+£2x 107" |1.26 x 1074

The parameter
identification is based on
the linear least squares
(recursive RLS or not LS)



What happens if the sensor is located at x >0

oo

" M—o0
P () = Linmo 27/ » H (w.p) Z(n'E\f) E\f<1+ 2 o;/fgnl n2>

0 n=1

1 1 T

v=1mm| W =2  Hxzp) =

(b0+b1p1/2+bgp), bOZE,blz—

NG

Y2y = Bylg + B 1Y%q + By g + TV




Why using the NI integral instead of the NI

derivative ?
0 Dl.slm

ﬁ)"'smw] o D'HO]
U(t)= H(t) is the Heaviside function
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Illustration
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y(t) =T(0,t) +ecN(t) (simulated from the exact solution)

Noise amp. Bo 51 B2

theoretical values 1.261 x 10~ —6.67 x 107° 1.76 x 1075

id. values, e =0 [1.255 x 1074+ 1.67 x 107°[—9.523 x 107° £1.27 x 1074|1.3 x 107° £+ 1.67 x 10~*

id. values, € = 10%|1.265 x 1074 £1.65 x 107°|—10.37 x 107° £ 1.27 x 1074|1.7 x 107° + 1.66 x 10~*




Loss of the semi-infinite behaviour

insulation
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The best optimal structure is:

Can be derived from the exact solution of the tranfer function: H (z,p) =




Real application

System identification for Sensor 1
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ldentified models

yp = B1 199 + Bo g+ B3 Toq + B4 TP2q + B5 12°q + Bs IPq + Br 3°q + £ (t)

parameter| Gy | 01 B2 B3 By Bs
value -0.9 13.04 | -1.92 | 0.61 -0.1 0.007
std 0.004/0.006| 0.005 | 0.002 0.0004 3.5 x 107°

1+ oy + a1 Py = 81 12q+ B Pq + B3 1%q + B4 1°q + B51q + € (¢)

parameter| o Q2 51 B B3 By B
value |[1.31]0.45| 0.13 | 0.0073.2x107° |—8.5x1079|2.67 x 10~7
std 0.02110.004/0.0017]0.0003(2.55 x 107°|1.84 x 1079 |6.27 x 1078




The case of non-linear heat diffusion

sensor 7(0,7)
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System identification
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Justification

Volterra series decomposition ZT )+ Ty (t) + -+ T; () + -

0=/ / ﬂﬁq(t_mdn

jth order Volterra kernel

In practice the
number of

kernels can be :/ hi (1) q(t—T) d7+/ / ho (T1,72) q(t —71) q(t — T2) dmy d7o
limited to 2 0 oY

T@) =T () +Ta(t)=TL () + T (1)

We propose to introduce a generalized transfer function: | 7" (¢) = / hnp (7) q(t —7) dr
0




Justification

Since the non integer integral involves all the time history of the integrand function,
it is well suited with the introduction of a generalized transfer function that accounts

with non-linearities. Increasing g, leads to involve larger non
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