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The paper aims at developing a signal-based diagnosis tool diagnosing a high temperature

fuel cell named solid oxide fuel cell (SOFC). The wavelet transform (WT) has been used to

decompose the SOFCs voltage signals and to find out the effective feature variables that are

discriminative for distinguishing the normal and abnormal operating conditions of the

system. The diagnosis method is used to detect and isolate SOFC system fault by using the

fuel cell stack as a sensor. Considering this, on-line fault detection without any additional

sensor is available.

Introduction

Nowadays, the hydrogen encountered a great interest as

a fuel, and more efforts are done by industry and govern-

mental institutions to develop hydrogen-based devices [1,2].

Hydrogen is the most abounding chemical element in the

universe. On Earth, hydrogen does not exist in a natural state

but is very plentiful in the form of atom. This atom has to be

extracted from his combination with other atoms (like in

water: H2O) by the mobilization of a source of energy. Never-

theless, the International Energy Agency underlines in Ref. [3]

that the main hydrogen source is hydrocarbon reforming [4],

even if it can be obtained through green energy procedures.

Solid oxide fuel cells (SOFC) [5e9] represent an emerging

technology for clean, reliable, and flexible power production

[10]. High temperature fuel cells convert chemical energy

of fossil fuel into electrical energy [11]. Thus, they are highly

efficient and imply low carbon dioxide emission energy

conversion devices [12e14]. Compared to other fuel cell
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technologies, the main advantages of the SOFCs are the wide

range of applications and the flexibility of fuel tolerated

[15,16], also when pure hydrogen derived from renewable

energies is used, there is no pollution of environment [17,18].

In Ref. [19], another effective solution to environmental and

efficiency issues are to couple the SOFC with a conventional

gas turbine: this hybrid system allows reducing pollutants

emissions [20] and allows cogeneration applications by

exhausting gases at desired temperature [21,22]. Nevertheless,

the big issue is that SOFCs have not reached commercializa-

tion yet and are still an expensive technology. Moreover,

theoretically, fuel cells should produce electrical energy as

long as they are fed with gases. Unfortunately, it is not the

case because of potential failures on the system, and intensive

research studies about diagnosis method in order to increase

the lifetime by limiting the performance degradation are being

conducted. In Ref. [23], Tu et al. present some ageing mecha-

nisms and lifetime in solid oxide fuel cells. They identify some

kinetics and operating conditions that contribute to address

lifetime limitation. Thus, the field of system diagnosis is more

studied. Diagnosis tools are essential to avoid premature

degradation of the fuel cell. Themain task of fault diagnosis is

to evaluate the deviation of the current state from the normal

behaviour of the fuel cell, by detecting the hazardous states.

The SoH has to be identified by diagnosing these faultymodes.

To reach this goal, several stages have to be followed as: data

acquisition, data treatment and fault detection. Firstly, data-

sets must be collected from the system, operated under

different operating modes (healthy and faulty modes). Data

treatment aims at extracting and selecting features that

enable characterizing the behaviour of the FC [24]. Two main

approaches of fault diagnosis have been developed: model-

based method [25e27] and signal-based approach [28e30]. A

review on diagnosis methodology and technique for SOFC is

given in Ref. [31]. Two reviews on modelling listed the

different fault detection methods: Andersson et al. [32] pre-

sent the modelling development for multiscale chemical re-

actions coupled transport phenomena in SOFC whereas

Zabihian et al. [33] review the modelling of hybrid SOFC sys-

tems. In Ref. [34], a method is developed in order to estimate

dynamically the temperature inside the 10 kW-SOFC by using

a data-based modelling. For the model-based approach, a

large amount of data is required in order to increase the pre-

cision of the diagnosis. In Refs. [35,36], the wavelet-based

method is used for on-board energy management for a

hybrid vehicle. In these works, the diagnosis method consists

in implementing sensors in a system in order to detect pa-

rameters deviations from nominal operating conditions. As

the fuel cell system complexity increases, another way to

achieve diagnosis is to analyze and use the system responses

to a solicitation signal as a state of health (SoH) indicator, with

the aim to use only already available measurements on the

system. The signal-based method using wavelet transform

allows reducing the requirement of experimental data which

induced saving time and money. Diagnosis procedure will be

therefore carried out using either the stack or the complete

system as its own sensor [37]. A focus is done on the stack

voltage signal. The stack voltage is analyzed with the chosen

diagnosis tool (i.e. WT). Without database and relevant in-

formation about the faulty and healthymodes and knowledge

about the FC system behaviours, fault diagnosis cannot be

achieved. In this paper, a signal-based approach is chosen.

The WT is a method for signal decomposition but it is not

sufficient to diagnose the fuel cell system state. Regardless of

the approach, the aim is to generate indicators that distin-

guish the normal and abnormal SoH. Three indicators

extracted from the fuel cell signal are exposed. They allow

performing a fast fault diagnosis result as patented in Ref. [38].

Thus, the WT approach is coupled with the analysis of some

indicators like the wavelet energy and the wavelet entropy,

which gives interesting results. The stack experiments

including two different short stacks are described in the third

section. The datasets obtained are used to provide some re-

sults for fault diagnosis and also for the estimation of the state

of health of the fuel cell while performing long-term test. The

fault diagnosis algorithm performances are given in the last

part of the paper according to the indicator (energy of entropy)

and also depending on the stack studied.

Signal-based method

The method is based on the wavelet transform (WT) of the

stack voltage signals extracted from different kinds of tests

coming from two different SOFCs (presented on the following

Section Application to fuel cell). The WT is one of the most

popular candidates of the timeefrequency transformations

[39e42] (that implies extracting time and frequency informa-

tion from the input signal studied). The continuous WT is

defined by Eq. (1).

Cðu; sÞ ¼ 1
ffiffiffi

s
p

Z

fðtÞ$J�
�

t� u

s

�

dt (1)

where f(t) is the original signal, C(u,s) is the transformed

signal, u is the translation parameter and s the scale param-

eter. The translation parameter corresponds to the time in-

formation in the transformed domain whereas the scale

parameter is proportional to 1=signalfrequency. A larger scale de-

notes a dilated wavelet and a smaller scale denotes a com-

pressed wavelet as presented in Fig. 1.

The WT acts like a filter which splits the high frequency

and the low frequency contents. The filtering process is given

on Fig. 2. The input signal is downsampled and results in two

subsignals. The approximation subsignal denotes the low

frequency or high scale of the input signal whereas the high

frequency is illustrated by the detail or small scale of the input

signal. In the case of multi-level decomposition of the initial

signal f, the behaviour described on Fig. 2 is repeated. The

approximation is successively decomposed in two subsignals:

one detail and one approximation. According to the principle

Fig. 1 e (a) Compressed scale, (b) Dilated scale, (c)

Translation of the initial Daubechies wavelet called “db4”.
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of discrete wavelet transform, j-levels decomposition gives j

approximation components and j detail components of the

signal f. Each of these components is composed of a vector of

wavelet coefficients, denoted cAj (for the approximation

component) or cDj (for the detail component) and is related to

a specific frequency band [43] (c.f. Fig. 3). At each level of

decomposition j, the sampling frequency fs is halved.

As an example, a steady stack voltage signal, with a sam-

pling frequency fs, is decomposed with five levels (c.f. Fig. 4).

Fig. 5 illustrates the behaviour of the SOFC stack voltage by

giving the last approximation signal cA5 and all the j details

cDj.

Wavelet energy and its normalization

In the time domain, the energy of a signal is the sum of the

squares of its time-series values. Similarly, the energy of a

subsignal obtained from discrete WT is the sum of squares of

its wavelet coefficients [43]. The wavelet energy is indicated

by:

Ed
j ¼

X

k

�

�

�Cd
j ðkÞ

�

�

�

2

(2)

Ed
tot ¼

X

j

X

k

�

�

�Cd
j ðkÞ

�

�

�

2

¼
X

j

Ed
j (3)

where j is the level of decomposition of the WT and d repre-

sents a detail subsignal.

Thus, a value of Ed
j is obtained for each detail d at each level

of decomposition j. Finally, the global sum of all Ed
j gives the

total wavelet energy (TWE) contained in the initial signal. The

normalization of the wavelet energy pdj , named relative

wavelet energy, is calculated as:

pd
j ¼

Ed
j

Ed
tot

(4)

where j is the level of decomposition and d the detail sub-

signal. This representation allows a better visualisation of the

energy distribution of the initial signal over all the frequency

bands, whereas the TWE measures the fluctuation rate at a

relevant frequency band determined by the decomposition

level j.

Total wavelet entropy and its normalization

Another indicator called the entropy is very useful for

measuring the amount of information contained in a signal

and especially its regularity (the bigger is the entropy value,

the less regular is the signal). Eq. (5) gives the formula of the

total wavelet entropy (TWP), expressed by SWT. When the

value of the TWP reaches a high value, it means that the de-

gree of disorder of the energy distribution in the detail signal is

high.

SWT ¼ �
X

j

pd
j �ln

�

pd
j

�

(5)

where j is the level of decomposition and d the detail sub-

signal. In the sameway as for thewavelet energy, the TWP can

be normalized as expressed in Eq. (6). The relative wavelet

entropy (RWP), denoted by qd
j , measures the resemblance be-

tween two different signals in terms of energy content. It is

expressed as the summation of wavelet coefficients within a

selected frequency range over time [44].

SWTðpjqÞ ¼
X

j

pd
j �ln

pd
j

qd
j

!

(6)

where j is the level of decomposition and d the detail

subsignal.

Application to fuel cell

The signal-based method described above is applied on two

different SOFC stacks with respectively 3 and 6 cells, operated

under nominal and non-nominal conditions. Thus, two

datasets are available to perform the diagnosis based on the

wavelet energy and entropy approaches. The general process

followed in this work is described in Fig. 6: first, two sets of

data are monitored on the two different SOFC stacks. The

diagnosis algorithm that consists in a wavelet transformation

of the cells and stack voltages, followed by an energy-based

and an entropy-based indicators extraction is applied (Fig. 7).

6-cell SOFC stack

A test is performed on a SOFC system equipped with a 6-cell

planar SOFC stack. A specific oven has to keep the stack at

given requested temperature. Further information is pre-

sented in Table 1.

The tests are carried out according to the design of exper-

iments (DoE) methodology [45]. 16 tests are proposed corre-

sponding to 16 different operating conditions symmetrically

around a nominal operating point (considered as the healthy

condition and the reference). The effect of both fuel and air

utilization (respectively FU and AU), current density (J) and

f

Low-pass filter

High-pass filter

2

2

cA1

cD1

= Approximation

= Detail

Fig. 2 e One-step wavelet filtering.

cA2

f

cA1 cD1

cD2

cA3 cD3

…

j=0

Initial signal

j=1

j=2

j=3

…

[fs/2 - fs] Hz

[fs/4 - fs/2] Hz

[fs/4 - fs/4] Hz[0 - fs/8] Hz

[0 - fs/4] Hz

[0 - fs/2] Hz

Fig. 3 e Discrete wavelet decomposition tree.
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temperature (T) is grouped in Table 2. These 16 cases define a

bounded area for which the stack is allowed to work safely.

The single cells voltage signals are all measured at the steady

state with a stabilization phase from 3 to 5 h between each

experiment, in order to reach stabilized operating conditions.

The variations of the operating conditions are made slowly

and step-by-step when changing operating mode, in order to

avoid fuel cell stack damages.

The experiments were carried out in series, operating the

stack continuously in the following order [0; 1; 2; 4; 3; 0; 7; 8; 6;

5; 0; 9; 10; 12; 11; 0; 15; 16; 14; 13; 0]. A stabilization perdio of

3e5 h at each of the operating conditions was allowed before

changing to the next condition. All transitions between

operating points were done gradually, by “small” step-wise

changes. The stack was galvanostatically controlled so the

average current density was set directly. Similarly, the stack

FU and fuel humidity were also set directly by adjusting the

fuel components mass flow accordingly. The furnace tem-

perature refers to the set-point for the furnace temperature

controller. All measurements were recorded with a 1 Hz

frequency.

3-cell SOFC stack

The test done on this fuel cell allows collecting voltage signals

measured at different time under steady state conditions as

shown in Fig. 8. The fuel cell progressively degraded with the

progression of the test and therefore allows the validation of

the algorithm on ageing. The stack is fed by a mix of gas,

emulating the outlet of a reformer. The FU is given by the

hydrogen fuel utilization. Fig. 8 illustrates the behaviour of the

SOFC depending on the lifetime. The global test is performed

during 1677 h of functioning with a furnace temperature of

770 �C. Table 3 gives the nominal operating conditions. A

cA2

f

cA1 cD1

cD2

cA3 cD3

j=0

Initial signal

j=1

j=2

j=3

[1/2 - 1] Hz

[1/4 - 1/2] Hz

[1/8 - 1/4] Hz[0 - 1/8] Hz

[0 -1/4] Hz

[0 -1/2] Hz

cA4 cD4 [1/16 - 1/8] Hz[0 - 1/16] Hz

cA5 cD5 [1/32 - 1/16] Hz[0 - 1/32] Hzj=5

j=4

Fig. 4 e 5-level decomposition of the SOFC voltage signal.
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Fig. 5 e An example of a 5-level discrete db4 WT on an SOFC voltage signal.
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polarization curve is done, every 100 h, in order to check the

degradation of the stack. The polarization resistance is

calculated in the linear area of the IeV curve at about 10 A.

That gives 50.8 mU at the beginning of the test (20 h of func-

tioning) and reaches 53.4 mU after 1121 operating hours. The

polarization resistance increases by 5% in 1100 h. The stack

voltage degradation at a current of 10 A is evaluated at 92 mV

per operating hour or about 30 mV per cell and per operating

hour. The sampling frequency is 3 Hz.

Results

The fault diagnosis process of the both SOFC stacks is

described in Fig. 6 (Section Application to fuel cell). A specific

wavelet is used for the transformation, namely the Daube-

chies wavelet. One of its main advantage is that the db4 WT

can redistribute the energy of a signal and compress most of

energy in the final obtained approximation subsignal [40].

Once the wavelet family chosen, a 5-level decomposition

range is used based on the related frequency bands. As

Fig. 6 e Global fault diagnosis procedure.

Fig. 7 e SOFC steady state voltages depending on the 16 operating conditions.

Table 1 e 6-cell stack specifications.

Parameter Value

Number of cells 6

Fuel (mol%) H2 (21) e N2 (67) e H2O (12)

Active area per cell 50 cm2

Nominal temperature 760 �C

Nominal current density 0.3 A/cm2

Nominal fuel utilization (FU) 0.5

Nominal air utilization (AU) 0.4
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presented all along the paper, the diagnosis indicators are the

energy and the entropy of the given signal. These parameters

(energy and entropy) are calculated depending on the

different operating conditions and on the number of cells in

the stack. First, the RWE of each five details of the initial

signal is extracted and analyzed. Afterwards, some TWP

and RWP results are exposed in order to determine the

abnormal and potentially degrading operating conditions for

the SOFC.

6-cell diagnosis results

a. The RWE indicators

Fig. 9 shows the high frequency part of the SOFC voltage

signal represented by five details D1 to D5. The energy content

of each indicator of the high frequency filtering is plotted

versus the individual cell number, linked to the 16 abnormal

states and the nominalmodes. 20 graphs are shown and give a

large database in order to observe and to extract a specific

behaviour of the RWE of the details. By analysing Fig. 9, the

first row considers the same operating conditions in terms of

current density, fuel utilization and air utilization, as the third

row but at two levels of temperature (700 �C and 820 �C). The

second column considers the same operating conditions in

terms of current density, fuel utilization and air utilization as

the fourth row but at the same two levels of temperature

(700 �C and 820 �C). The last row describes the energy distri-

bution of the high frequency part of the voltage signal at

nominal operating conditions. The energy of the detail D1 is

the most important and is about 0.5. That means a half (50%)

of fluctuation energy is contained in the 1st level detail sub-

signal which is related to the frequency interval of [0.5, 1] Hz

[43]. The energy repartition is spread as follows: D1 (the most

energetic)e D2 e D3 e D4 e D5 (the less energetic). Thus, all the

conditions which give more or less the same distribution is

associated to normal operating conditions and the other are

considered as faulty states.

Four faulty conditions are underlined: C4eC10eC11eC12

and are recalled in Table 4, in order to see the variations of the

four parameters according to the nominal mode. Several ob-

servations are made:

� They are all at a lower current density than expected for

the stack;

� Three of themhave a higher temperature than the nominal

conditions (C10 e C11 e C12);

� Three of them have a higher fuel utilization than the

nominal conditions (C4 e C11 e C12);

� Three of them have a higher air utilization than the nom-

inal conditions (C4 e C10 e C12);

� All the faulty conditions have approximately the same

distribution which is not well separated;

� The energetic content of the details does not follow the

same order than presented above and;

� The energetic content is comprised between 10 and 30% of

fluctuation energy.

For the three first cases (C4, C10 and C11), two parameters

among four are eitherhighor small. For the last case (C12), only

one parameter is small and three are high. In Table 5, the in-

fluenceof the currentdensity is taken intoaccount bygrouping

all the conditions that have a low current density (J).

What is remarkable is when the current density is low

compared to its nominal value, at least two other parameters

must be “small” too so that it is not considered as a faulty

state. If three parameters are small including the current

density, the SoH is normal whereas if only two parameters are

small, including J, the result of the SoH gives a faulty state.

Table 2 e The 16 operating conditions tested.

Experiment
number

Temperature
(�C)

Current
density
(A/cm2)

Fuel
utilization

ratio

Air
utilization

ratio

0 760 0.3 0.5 0.4

1 700 0.1 0.4 0.3

2 700 0.1 0.4 0.5

3 700 0.1 0.6 0.3

4 700 0.1 0.6 0.5

5 700 0.5 0.4 0.3

6 700 0.5 0.4 0.5

7 700 0.5 0.6 0.3

8 700 0.5 0.6 0.5

9 820 0.1 0.4 0.3

10 820 0.1 0.4 0.5

11 820 0.1 0.6 0.3

12 820 0.1 0.6 0.5

13 820 0.5 0.4 0.3

14 820 0.5 0.4 0.5

15 820 0.5 0.6 0.3

16 820 0.5 0.6 0.5

2.6
2.62

After 138h operation

2.56
2.58

After 525h operation

2.56
2.58

)
V(

e
g

atl
o

V
k

c
at

S

After 617h operation

2.52
2.54
2.56

After 713h operation

2.56
2.58

After 782h operation

0 100 200 300 400 500 600 700 800 900 1000
2.52
2.54

Point index

After 877h operation

Fig. 8 e 3-cell stack voltage evolution depending on the

ageing time at T ¼ 770 �C and I ¼ 6 A.

Table 3 e 3-cell stack specifications.

Parameter Value

Number of cells 3

Fuel (mol%) H2 (16) e N2 (51.2) e CO (14.6) e CO2

(9) e H2O (9.2)

Active area per cell 50 cm2

Nominal temperature 770 �C

Maximal temperature 850 �C

Nominal current density 0.3 A/cm2

H2 utilization 0.6

Air utilization 0.25
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As a conclusion, C4 and C12 should be considered as crit-

ical operating conditions which are harmful to the SOFC SoH.

Moreover, C10 and C11 represent commonly a high-

temperature situation, especially in C11 where both T and

FU are at their highest level, which is a risk of accelerating the

FC degradation. In C10, the air utilization is high and the

current density is low, which implies that the air flow rate is at

a very low level. This condition is harmful for the stack in a

large-scale system where the air flow should be kept at a

relatively higher level than needed in order to remove the

produced heat andwater in the stack. Therefore, both of these

two conditions are undesired [43].

b. The TWP indicators

On Fig. 10, the TWP values are shown depending on the

20 operating conditions tested on the 6-cell stack. The

entropy of each cell is analyzed in order to see the

different behaviour and the distribution all along the stack.

The different conditions C♯ are set in the same order as

previously, with the four nominal states at the end of the

graph. The dash line represents the same value for each

cell that is equal to 2, called criterion line, in order to make

the extreme values of TWP more visible. Again, four

harmful conditions reach a maximal TWP value of about

2.3 that gives C4 e C10 e C11 and C12 whatever the cell

number.

Fig. 9 e RWE of a 6-cell SOFC voltage linked to different operating conditions.

Table 4 e Faulty operating conditions of the SOFC.

Conditions T J FU AU

C0-♯ (nominal) 760 �C 0.3 A/cm2 0.5 0.4

4 Small Small High High

10 High Small Small High

11 High Small High Small

12 High Small High High

Table 5 e Operating conditions with a small current 
density J.

Conditions T J FU AU SoH

1 Small Small Small Small Normal

2 Small Small Small High Normal

3 Small Small High Small Normal

4 Small Small High High Fault

9 High Small Small Small Normal

10 High Small Small High Fault

11 High Small High Small Fault

12 High Small High High Fault

The bold text is to specify that the current density J is in all cases

“Small” and that implies sometimes a faulty state-of-health (SoH).

7



c. The RWP indicators

The RWP aims at normalizing the entropy indicator by

choosing a reference signal. In this paper, all the abnormal

conditions are evaluated and compared with the nominal

condition C0-♯. Thus, the indicator is centered at zero. In the

same way as previously, four critical operating conditions are

visible (i.e. C4, C10, C11 and C12). Fig. 11 illustrates that the

RWP is useful to validate the fault diagnosis. By comparing the

results of analysis, 2 threshold values (i.e. 0.05 and 0.5) could

be yielded to divide the RWP values into 3 clusters [43], each of

them indicating the state of health of the SOFC. That gives:

� Normal operation for the interval [0, 0.05];

� Abnormal operation for [0.05, 0.5] and;

� Stack broken for [0.5].

3-cell stack diagnosis results

The same fault diagnosis procedure is applied with the 3-cell

stack. Some steady state voltage signals are recorded during

about1 677 h and 6 polarization curves that aim at showing the

degradation over time of the fuel cell were performed. The

fault diagnosis algorithm is here used as an indicator of the

ageing degradation of the system: the RWP values for each

characterization time is calculated and illustrated on Fig. 12.

The first signal (at 138 h) is considered as the reference for the

normalization way. The RWP value follows an increasing

trend, which is similar to the degrading process of the stack,

visible on the different polarization curves. Accordingly, the

RWP could be considered as an effective indicator of the state

of health of the SOFC stack.

Conclusion

The signal-based method used in this work aimed at faults

diagnostics of an SOFC stack. It has been also used to provide

an indication on the ageing of a stack during a long-term test.

The fault diagnosis uses the wavelet transform to divide the

initial signal (voltage) into high frequency and low frequency

parts. A focus is given to the fluctuation of the high frequency

part by studying each detail Dj (where j is the decomposition

level). Afterwards, three indicators were extracted from the

signals and studied in order to validate their ability to detect

the SoH of the SOFC system: RWE, TWP and RWP. In this

paper, two kinds of dataset were analyzed: on the one hand, a

6-cell stack is used to test 16 different operating conditions by

making several combinations of four parameters (i.e. tem-

perature, current density, fuel utilization and air utilization)

around nominal values. Whereas on the other hand, a long-

term test is performed on a shorter stack. In this case, the

natural degradation of the fuel cell (called ageing) is studied

and determined thanks to energy and entropy-based in-

dicators. For the first database, the energy distribution (RWE)

contained in the details Dj is observed on 17 different oper-

ating conditions containing 4 abnormal/faulty conditions.

Their energy distribution and their maximal magnitude are

very separated when confronted with the other conditions

and especially nominalmodes. The TWP is also calculated and

allowed distinguishing the same 4 degrading modes from the

healthy ones. However, this parameter is less discriminative

than the RWP, because it only isolates two critical conditions

among the 4 selected. For the second dataset, the validity of

the three parameters for SOFC diagnostics is improved by

detecting the of the SOFC stackwhen performing ageing (long-

term) tests. On the second test, the ageing of the fuel cell is

taken into account by the signal-based method. The RWP

values fit with the degradation observed on the polarization

curves. In the presented methodology, the RWE is very useful

to see the fluctuating behaviour of the voltage signal details. It

is helpful to understand the variations existing on the high

frequency part of the measured voltage signal when a fault

occurs on the system. The distribution and the maximal
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Fig. 10 e TWP plots by individual cell according to 20 operating conditions.
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magnitude of the energy contained in a signal are very

discriminating. Finally, this indicator aims at determining the

significant frequency band relevant to the fault. As for TWP, it

is able to detect a deviation from the nominal conditions.

Although it is not as effective as RWP for fault indication, this

indicator is successful for tracking the variation of the system

operation. Finally, the RWP is the most effective indicator for

the SoH of a SOFC, by allowing a detection of the fuel cell

damages and also by well-fitting an ageing phenomenon.

Consequently, the analysis of the three parameters (RWE,

TWP and RWP) indicates the operating conditions and the

state of health of the SOFC quite rapidly and with no

additional sensor. It is important to notice that the choice of

the decomposition level must be as closest as possible to the

significant frequency band that is relevant to the fault detec-

tion and isolation.
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