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Initial and aged

Activated-carbon |:>

surfaces
AFM photographs of the positive polarizing electrod&dbymemuraetc.
CAUSE: Parasitic electrochemical reactions
Eg. Decomposition of the electrolyte
CONSEQUENCE: Reduce the life expectancy of EDLCs

RESEARCH AIM:

Monitor the ageing process of the EDLCs
- Detect when the end of life criteria occurs
- Replace the old EDLC to avoid catastrophic events
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Online Identification

Particular charge to provide an accurate parameter estimation.

I Loadl

identification does disturb the way the load

consumes the energy stored in the EDLC.
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% The observability of the nonlinear system

» If Jacobian matrix J at x, has full rank:

h(x, u)
_a | (Lih(x )
~ Bx : ’ rank(J)‘XO
(LT hy(x U)

—_— Locally Observabley;

=n

If EDLC system satisfies

=, (X (0% = ut) + x(w d'u-2 ulp

X (X + %) (U = u) + x( %+ H)( lUu Uk
+X, (X, + X,)(Fu- ud)) 20

——> Jocally observable

Eg. When u = Constant; Sinusoidal signal; Exponential signal; =——»  system is locally unobservable.
When u = I; +I,sin(wt); (with I;#I, and x; #0) —>  system is locally observable.
LY X =XX+ XL i Xy = u,

s X2 :O : X- = R
Rs . o : 2~ s
' z. Xs:O R X= f(X,U) E x;= 1/C
| : . y=h(x v ] X4 = -L/(R,C)
Uy ==C Re X4 :O :
P y =X+ %U ! (UZI°J
_ ! y=U,
Nonlinear EDLC system ]

13

[1] R. Hermann and A. Krener, “Nonlinear controlldity and observability,” IEEE Transactions on AutotitaControl, vol. 22, no. 5, pp. 728 — 740, Oct. 1977



% The observability of the linearized system
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Extended system dynamics : X=f(xu+w w : Process noise

Measured output : y=h(x u+ v Vv : Sensor noise
I, U, v
> | EDLCs >0
_y v© Parameter Estimation
K |< y—-y 0O
) [ ),21 N /Xl = u, -\
v = h(X u X Xy = R,
y=h(xu o | o | 2=
v EKO Xy X3 = 1/C
Y > : > | x X = -1/(R,C)
n; 4 x=f(x W+ K(y-3 20 BN A

( X : states estimated by the observer )

Calculation of K: K=PH'R!, with P=FP+PF - PH R HP+ C




Uc .

TR =X%E XL
.| %=
219 oo
L % =0

Y= X+ %U

Nonlinear EDLC system

X2= Rs

%, = 1/C (Uz%}
x,=-URC)) Y=,

Interconnected Observers (I0s) [,

21:

X+ XU

oo 3 X
I
+ ©O O X

22:

X =X%+ %U
% =0
y=XxtXxu

17

[1] G. Besancon and H. Hammouri, “On observer desigr interconnected systems,” Journal of Mathenat®ystems, Estimation, and Control, vol. 8, n@8,1 —25, 1998.




- Kalman-like observer
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Interconnected Observers (I0s) - Reduced order Luenberger observer
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- Reduced order Luenberger observer

Order is reduced!
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Estimation error from KLO:

Convergence ?

Estimation error from ROLO:

Lyapunove Function Definition
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Extended Kalman Observer (EKO)

= Js able to estimate the
parameters online

= Tt is difficult to prove its
convergence.

= More tuning parameters

Interconnected Observers (10s)

= Js able to estimate the
parameters online

= The convergence is
guaranteed

= Less tuning parameters
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= EDLC tested:

Nichicon UM series 2,7V/1F

= Ageing test bench:
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Offline characterization by EIS [1]
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[1]1 EIS: Electrochemical Impedance Spectroscopy
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- Parameters estimation before ageing
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Expe rimental Results - Parameters estimation during ageing
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An online in situ monitoring method by means of real-time
observers is proposed to monitor the EDLCs ageing.

To monitor the parameter evolution online, two kinds of real time
observers (EKO and IOs) are designed. Compared to EKO, IOs have
a lower computational cost and a guaranteed convergence.

Real ageing experimental data showed that both observers succeed
to estimate the parameters in real time and to perceive their
evolution.

Better EDLCs models will be used to the online observation of the
ageing of EDLCs.

( This work has already been presented at the IEEON 2013 conference in Vienna in Nov. 2013)
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