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I. INTRODUCTION.

Lead-acid batteries are widely used for power storage applications and are now unavoidable in automotive applications. Initially used essentially for cranking, leadacid batteries are expected to play a major role in future automotive system. The automobile industry is increasingly making use of electrical actuators built around motors (pumps, fans, starter,…) as well as car body and chassis accessories (A/C, heating, electric windows, dashboard, ...). Newer developments include: -the alternator-starter which will be used to reduce fuel consumption, -the automatic electro hydraulic actuator gearbox. With regard to those developments, it can be seen that the onboard available energy becomes very important.

The energy onboard vehicles is derived from the engine through the alternator. It is either used by the different loads or stored in the battery. It is however important to make sure that sufficient energy remains in the battery for future cranking. With newer vehicle configurations, it is therefore important to assure this energy availability and thus emerge the need for an energy gauge of the battery.
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The battery delivers energy for cranking and to onboard loads when the engine is cut-off. The available energy as well as the available power should be therefore quantitized. These quantities which are the State of Charge (SOC) and the State of Health (SOH) respectively are not directly accessed as they are not easy to measure and also because of the non-linearities of the batteries.

The SOC corresponds to the energy stored in the battery. Expressed in A.h (Ampere.hours) or in percentage of thereof nominal value, the SOC linearly related to the open-circuit voltage of the battery.

The SOH indicates the ability of the battery to deliver the stored energy. It corresponds in fact to the age of the battery whose performance degenerates with time or condition change which gives rise to two main consequences : an increase of the internal resistance of the battery and a reduction of the battery capacity.

II. BATTERY MODELING
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The Gretch model is an electric model of the battery derived from studies. It is composed of three capacitors, of an inductance and of a leakage resistance as shown in Fig. 1. below : This model can be represented mathematically by the following state space equations where the output current , is chosen as an input variable :
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As it can be seen above, this model yields a stable system of the forth order with complex analytical expressions for the zeros and the poles. In automobile applications, real-time computing is necessary and to achieve this objective, a model with a lower complexity needs to be favored for a faster energy avaibility diagnosis. To reach these objectives, two models are thereafter experimented.

&RPSOH[LW\ 5HGXFWLRQ WKURXJK $SSOLFDWLRQ RI 6LQJXODU 3HUWXUEDWLRQ 0HWKRG

Automobile batteries are subjected to long and rapid energy transfers. A separation of these dynamics applied to the precedent linear continuous Gretch model can lead to the following representation where the rapidly and slower evolving parameters are grouped [START_REF] Borne | Modélisation et identification des processus[END_REF] :
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The observation of the behavior of the model shows that the slower evolving parameters are those associated to 9H and 9I as indicated above by the ;P variables. On observing on a long time scale, tends rapidly to zero and leaves the simplified model with the following parameters for the matrices A, B, C and D :
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, new state equations can be written as : The application of this method leads therefore to the following reduced model : This allows the simplification of the equations in (4) as follows :
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The series resistance 5 takes different values according to whether the battery model is under a charge or discharge process.
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The simplified model of the battery composed of two RC parallel branches will be now explored to determine the SOC and the SOH. Physically, the current and the voltage of the battery are the only accessible quantities for measurement and they can be used to determine the 9 and 9 voltages and subsequently the battery state indications.

Here the observation model chosen will be made through the observation of the output voltage 9 i as from the current measurement , provided as input. From (5), the following transfer equations can be written :
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Using the reduced order model represented in Figure 3, the observer shown in Fig. 4 is designed. The aim here is to make a proper evaluation of the values of Y and Y , values which are physically inaccessible and which will allow to determine the states of the battery.

The observation model is expressed by the following equations which allow defining the F matrix as follows:
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The dynamic of the observer can be determined by fixing the determinant of the (pI-F) matrix and varies according to the elements Jd and Je of the * matrix as is illustrated in the following equations:
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from which the parameters of the * matrix are deduced as follows :
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It is observed here that the values of Jd and Je are fixed by the parameters 5l and &l of the model and by the desired values of λd and λe . The observer allows to write the following equations for Y and Y : 
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The system being intrinsically stable, the observer in (10) shows that according to the values chosen for the g1 and g2 and by the way the poles of the observer, two response dynamics can be achieved by the observation model. If the poles are placed near zero (here simulated with poles at -1), a rapid response can be achieved but also results in instabilities or oscillations. The second solution is to consider the poles such that the zeros of the observer are cancelled. To reach this particular solution, it conveys to take :

λ 1 = & 5 1 -and λ 2 = & 5 1 -.
The J parameters are then given by :
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With this solution however, the system respond slowly and moreover, in the presence of an initial induced error in the observer, the error is maintained.
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Experiments are carried out by considering the energy exchange profile of a vehicle cranking followed by the addition of a series of onboard load with engine on which results in the observation of a peak current at cranking and afterwards, a current exchange that depends at the same time on the applied load and on the current produced by the alternator which depends itself on the engine speed. An initial static error is maintained when a slow observer is used and no significant difference is made between the estimator and the observer at least during the initial phase of calculations. However the use of a rapid observer allows recovering to a correct evaluation for the output values just as in the case of the simulations without the initial static error. The above observations lead to the conclusion that both the slow and the rapid observer are to be used to evaluate Y and Y . Therefore, according to the situation the values of J and J need to be adapted to render the observer more or less rapid such that a correct evaluation is made for the SOC.

It is to be noted that for these experiments, the input to the observer has been the current I and the estimated value of the output voltage of the observer has been compared to that of the battery. Similar studies can also be realised in taking the voltage as input to the system and comparison on the transfer current. It yields here a transfer function which is the inverse of the one obtained here and the observer will have respectively zeros and poles corresponding to the poles and zeros of the system studied here.

Further studies on the exploitation of this model brought to consider the "drop" phenomenon that occurs when the current exchange of the battery is null for sufficient time. Indeed, when kept at rest there is an auto-equilibrium process of charges within the battery that results in a voltage evolution that depends on several factors such as temperature, current cycles and other polarizations. The evolution of the cell voltage is seen to be as in Fig. 7 that is with a variable time constant. The model developed with parallel RC branches don't represent the drop phenomenon as it results in a first order system when at rest. A solution that is here experimented is to add another order to the system by the use of a series model as is explained in the following paragraph. To represent the output voltage evolution, the series arrangement of RC cells allows the build up the output voltage with individual time constants for each loops. The cell voltages can take negative values here except the Rc-Cc branch. In evaluating the voltage as from the current observation of the model the following state equations can be written :
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The output voltage is then given by
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This gives out the transfer function : 
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Using the same strategy of observation used for the parallel model shown in Figure 4 the poles of the observer are here as well fixed in a similar way as that for the parallel model and can bring to a rapid or to a slow observer. The current profile shown in Fig. 10 is applied to the simulation model and the output voltages of both models are presented in Fig. 11. Starting with unknown initial conditions, the observer reaches the reconstructed value of the Gretch model. Transients are observed on current changes but globally the estimated voltage does not lag far from the correct values and hence, a first conclusion can be that the model is appropriate for battery modeling. Nevertheless, even if the output reconstructed voltage is almost exact, the individual voltages that compose it (in particular Y ) don't have an appropriate variation. Indeed, the main objective of the battery modeling remains the determination of the states of the battery namely the SOC and the SOH. The SOC being dependent on the voltage of the main energetic capacitor of the different models Y , precision is of utmost importance in determining this capacitor voltage. This series arrangement brings therefore better information on the chemistry effects of the battery but doesn't bring forward a better determination of the states of the battery. 
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In order to improve the battery model, a battery test bench has been set up for carrying out the specific tests that can lead to a better understanding of the different phenomena. This programmable bench is composed of a climatic test chamber in which the battery under test is made to undergo charging (at constant voltage or current) , discharging and rest phases at programmed temperature. During these operations, current, voltage and temperature values can be recorded at intervals of about 1 second. This test bench is actually being used to determine the polarization characteristics of lead-acid batteries. The voltage and current evolution of one of these tests carried out at a temperature of 25°C are shown in Fig. 13. The aim in this experiment was to discharge the battery gradually over successive discharge and charge cycles and to study the evolution of the polarization e.m.f as a function of the state of charge.

Further functionalities such as the simulation of current absorption during engine starting are being added. The global functioning should help in the long run to achieve a better understanding battery energetic storage in hybrid electric vehicles. Studies are still progressing on this aspect but it is to be reminded that lead-acid batteries remain a complex interaction of the different physical spheres and present a lot of non-linearities in their functioning. Further, parameters of forwarded models evolve a lot in the lifetime of real batteries and can lead to divergence of model estimations.

  This model takes into account certain physical phenomena occurring in batteries as follows : -C c : main energy storage capacity of the battery. V c , the voltage across C c is an image of the SOC of the battery. The voltage source V e represents the opencircuit voltage which differs from zero. -R c : energy retrieval efficiency modeling. -R a -C a branch : models a second time constant faster than the R c -C c branch. C a physically represents the energy that can be rapidly available. -R s : represents the battery auto-discharge that occurs when left unused for a long time -L b : represents the current dynamics. -R p -C p branch : illustrates the stray capacitance formed across the battery terminals. -R t : denotes the self resistance of the electrodes. -The voltage across the capacitors C a , C c and C p will be thereafter referred by v a , v c and v p respectively.

  electric model corresponding to these equations is shown in Fig. 2. Simplified model could have been reached by considering physically the energy accumulation in the inductor L b and the capacitor C p negligible compared to that in C c and C a as well.

Fig. 2 .

 2 Fig. 2. Reduced order parallel model )XUWKHU VLPSOLILFDWLRQ WKURXJK LJQRULQJ RI WKH DXWR GLVFKDUJH SKHQRPHQRQ Further, by neglecting the auto-discharge phenomenon (R s →∞) the battery model can be further simplified to the circuit illustrated in Fig. 3.
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 3 Fig. 3. auto-discharge neglected
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 6 Fig. 5. Vc evolution without initial static error
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 8 Fig. 8. First order model

Fig. 7 .

 7 Fig. 7. Variable time constant evolution

  representing the battery is to use a series model illustrated in Fig. 9. In this model, the Rc-Cc-Ve branch is maintained similar to the Gretch model and the parallel model and represents the large energy contained in the battery. The faster dynamics are represented here by the Ra-Ca loop put in series with the other components. The Rp-Cp branch is here used to represent other nonlinear phenomena such as the Peukert effects that occur.

Fig. 10 -

 10 Fig. 10 -Current Profile

Fig. 12 .

 12 Fig. 12. Voltage evolution of battery when off

Fig. 13 .

 13 Fig. 13. Voltage, current and temperature evolution over a series of discharge and cycles&RQFOXVLRQThe determination of the states of the battery is an important step in automotive applications and in this paper two different models designed to evolve in a real-time computerized situation in hybrid vehicles have been experimented. Observers designed for the model composed of two R-C parallel branches can lead to good evaluations of the SOC and the dynamic of this observer needs to be adapted according to the evolution conditions to prevent static errors. Further, it has been observed that this model does not show the different phenomena of the chemical behavior of the battery.The second model has been developed to add theses missing information by connecting two R-C loops in series with the main energy capacitor of the battery. This led to a better evaluation of the output voltage but brings no further precision on the determination of the energy capacitor voltage.
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