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INTRODUCTION

In the fields of early warning, one is depending on reliable image exploitation: Only if the applied detection and tracking algorithms work efficiently, the threat approach alert can be given fast enough to ensure an automatic initiation of the countermeasure. The performance of modern EO early warning systems is predominantly dependent on the prevailing environmental conditions. Atmosphere may limit observation ranges and the resolution of images. In [START_REF] Stein | Atmospheric limitations on the performance of electro-optical systems: a brief overview[END_REF] and [START_REF] Stein | Atmospheric limitations on the performance of electro-optical systems: a brief overview[END_REF] an overview on the limiting factors (atmospheric transmission, turbulence and refraction) is given. In order to evaluate the performance of the detection and tracking algorithms for a certain electro-optical (EO) sensor system, test sequences need to be modelled as realistic and detailed as possible [START_REF] Yung | Aerial-target detection using the recursive temporal profile and spatio-temporal gradient patter in infrared images sequence[END_REF], hence the Infrared (IR) scene simulation has become an indispensable tool. Especially in cases, where measured data is not sufficient enough to represent the entire variation of environmental conditions over a long period of time, one has to rely on such comprehensive simulation tools like MATISSE.

A special challenge for detection and tracking algorithms is given considering the presence of clouds: The incident radiance is absorbed and scattered on and in the cloud layers, whereat the intensity of absorption and scattering is depending on the cloud type and the cloud altitude. Given a certain observation geometry, the sunlit clouds may backscatter into the direction of the sensor and could either lead to false alarms or "outshine" the signal of a target positioned between sensor and cloud. Hence, a special focus on the simulation of heterogeneous clouds is essential to model test sequences as realistic as possible.

The French Aerospace lab ONERA has been collaborating with the Fraunhofer IOSB in the development of a radiative transfer model for few years. Next to maritime environment [START_REF] Fauqueux | Multiresolution infrared optical properties for Gaussian sea surfaces: theoretical validation in the one-dimensional case[END_REF], MATISSE has already been validated for space-based observations [START_REF] Labarre | MATISSE-v2.0: new functionalities and comparison with MODIS satellite images[END_REF][21] as well as specific homogenous cloud models [START_REF] Schweitzer | Validation of MATISSE background images and cloud simulations: comparing results with MODIS satellite images[END_REF] [START_REF] Malherbe | Validation of clouds modeled by MATISSE code with MODIS satellite images[END_REF]. As mentioned before, a need has been expressed for the use of heterogeneous clouds in the model. To do so, the model LUCI (for LUminance de CIrrus) is used with the implementation in input data based on various sources, such as the CNRM (Centre National de Recherche Météorologiques) and the LaMP (Laboratoire de Météorologie Physique). The package thus formed is called CERAMIC (Cloudy Environment for Radiance and MIcrophysics Computation).

The first section of the study is divided in three parts. Two of them describe the cloud data used as input. We start from the dataset from CNRM and then develop the cloud generator from the LaMP. A few examples are presented regarding the main variables used, the Ice Water Content (IWC) and the shape of the clouds (spatially and vertically). Then, the third part presents the model LUCI. The examples of clouds presented before are used in order to get radiance images displayed in the result section. The following section develops the spectral validation (in one dimension) using comparisons with the model MATISSE. Another model (SHDOM) is used for 3D comparisons. Finally, we conclude with the various possible implementations in the frame of future studies.

METHOD

The CERAMIC package developed by ONERA consists in a 3D cloud generator, a cloud database and radiance computation model that provides a spatial field including a Cirrus and the radiance corresponding according to the input parameters.

3DCLOUD generator

The 3DCLOUD model is a 3D microphysical generator which provides in fine cirrus-like cloud parameters (IWC for Ice Water Content and the effective radius Reff) based on the work of Szczap and al. [START_REF] Szczap | A flexible three-dimensional stratocumulus, cumulus and cirrus cloud generator (3DCLOUD) based on drastically simplified atmospheric equations and the Fourier transform framework[END_REF].

As a reminder, the effective radius is the mean radius calculated with the ponderation of the cross section of the drops. Over urban area, the effective radius is between 5 and 8 µm, 8 and 10 µm over continental area and 10 to 15 µm over oceans. For Cirrus, this size can reach 100 µm and more [START_REF] Eddounia | La microphysique des Cirrus a l'échelle du globe : Corrélation avec les propriétés atmosphériques et meilleure représentation dans les modèles de climat[END_REF]. Cloud Ice Water Content (IWC) (for high clouds) is defined as cloud ice mass in unit volume of atmospheric air with values starting from 0.0001 g/m3 in thin Cirrus to 1 g/m3 inside convective core [START_REF] Plana-Fattori | Comparison of High-Cloud Characteristics as Estimated by Selected Spaceborne Observations and Ground-Based Lidar Datasets[END_REF]. The vertical integration of the IWC is the Ice Water Path (IWP).

Input data are required, such as the atmospheric conditions, the spatial dimension and the optical thickness of the cirrus, the intensity of the vertical atmospheric stability and of the wind shearing, the heterogeneity factor (which corresponds to the standard deviation of the IWC normalized on the IWC average).

Statistical properties of the IWC and Reff have been validated using comparisons to in situ airborne measurements and to scientific literature. The number of pixels of the simulation domain should not exceed 200, 200 and 100 for x, y and z respectively. For example, a Cirrus of 50 km of spatial extension should not exceed a spatial resolution of 250 m. It has been proven that the spatial resolution has a significant effect on the spatial structure of the cirrus.

The characteristics used in 3DCLOUD to develop the model regarding the optical thickness according to the type of cloud are originating from Sassen [START_REF] Sassen | Cirrus clouds: A modern perspective[END_REF]. Six AFRL (Air Force Research Laboratory) atmospheric profiles [START_REF] Anderson | AFGL atmospheric constituent profiles (0-120km)[END_REF] were used as input data (temperature and atmospheric concentrations).

In order to gain computation time, 3DCLOUD simulates the 3D field of the effective radius using the parameterization from Baran and al. [START_REF] Baran | Testing an ensemble model of Cirrus ice crystals using midlatitude in situ estimates of ice water content, volume extinction coefficient and the total solar optical depth[END_REF]. The effective radius is calculated with the following equation:

where T is the temperature in K, and χ is a variable derived from a random uniform draw between 0 and 1.

The Ice Water Content (IWC) profiles provided by 3DCLOUD are based on the work of Feofilov and al. [START_REF] Feofilov | Classifying ice water content profiles of high-level clouds from AIRS/CALIPSO/CloudSat observations to better assess cloud radiative effects[END_REF]. 80% of the vertical profiles (with optical thickness less than 3) can be approximated by a constant between the lower and the higher altitude of the cloud which is the solution used by the model, displayed on figure 1. Szczap and al. [START_REF] Szczap | A flexible three-dimensional stratocumulus, cumulus and cirrus cloud generator (3DCLOUD) based on drastically simplified atmospheric equations and the Fourier transform framework[END_REF] show that the vertical temperature profile (describing the vertical stability of the atmosphere) and the wind shear have a strong impact on the spatial structure of the Cirrus. The model allows the computation of 3D IWC fields expressing Cirrus with a stratiformal shape, uncinus-like or with Kelvin-Helmholtz structure (in the case of a strong instability). Additionaly, the wind shear intensity will lead to filamentous clouds.

CNRM clouds

The cloud database provided by the CNRM consists in 96 files, collecting a day of image, with an image every 15 minutes. The spatial dimension is 10 km x 10 km. The resolution is of 0.1 km (100 x 100 dots). The vertical resolution varies with altitudes. It is composed of 107 levels, with a vertical resolution of 500 m, except between 7026 and 10975 m where the resolution is increased to 50 m. 3 variables are used:

-the Ice Water Content (IWC) in g/m3 -the temperature in K -the effective radius in µm

The average of all clouds profiles is displayed on figure 2. The altitude of the maximum is localized at 9.43 km. The maximum of the profiles IWC is 0.0194 g/m3. The standard deviation of the IWC max is 0.0052 g/m3. In red is represented a Gaussian fit performed on the averaged profiles. The altitude of the maximum is slightly different (9.50 km) and the standard deviation (0.45 km) tells us about the spatial spread of the fit.

The evolution of the total cloud cover is represented on figure 3. A strong correlation is observed. Moreover, the few differences between both images are representative of the vertical profiles variations.

LUCI model

The LUCI model has been developed at ONERA by Malherbe [START_REF] Malherbe | PRF Samotras-Développement d'un code de transfert radiatif 3D en milieu nuageux à haute altitude[END_REF]. It uses the IWC and the effective radius of the Cirrus type clouds provided by the CNRM or 3DCLOUD. In addition, LUCI is coupled with six atmospheric profiles from AFRL [START_REF] Anderson | AFGL atmospheric constituent profiles (0-120km)[END_REF]. The molecular optical properties are taken from MATISSE database [START_REF] Labarre | MATISSE-v2.0: new functionalities and comparison with MODIS satellite images[END_REF]. The spectral bandwidth goes from 3330 to 3850 cm-1. The Solar spectrum has been extracted from MODTRAN4 [START_REF] Berk | MODTRAN4 radiative transfer modeling for atmospheric correction[END_REF] at a resolution of 5 cm-1.

The user has to inform the model about the geometrical parameters such as:

-the observer altitude (m), -the observer horizontal position (x and y in m), -the azimuth and zenith angles (deg), -the choice of atmospheric profile, -the surface temperature (K), -the ground emissivity, -the latitude and longitude (deg), -the date (in integer), -the univeral time, -the wavelength minimum and maximum (cm-1)

The observer altitude here is put to the maximum value allowed by the model. A work is ongoing in order to increase the altitude of the observer. However, we can assume that, for a higher altitude such as satellite orbit, results would be similar since most of the H20 concentration is localized at low altitude.

In order to insure fast computation, the model uses an analytical and accurate method to compute the thermal radiance, the single scattering radiance, the ground thermal emission, the solar reflection from the ground and the thermal atmospheric emission reflected by the ground. It also uses a Correlated-K (CK) precision [START_REF] Berk | MODTRAN cloud and multiple scattering upgrades with application to AVIRIS[END_REF][14] and the transmittance is also computed.

The multiple scattering radiance cannot be computed in an analytical and fast way. In order to face the problem, an other method is used. An average of solar and thermal multiple scattering has been computed on an homogeneous equivalent cloud (using the code RTRN21 [START_REF] Goody | The correlated-k method for radiation calculations in nonhomogeneous atmospheres[END_REF] based on Discrete Ordinates Method, included in MATISSE). An empirical fluctuations model has been added, with an average centered on zero. A relationship is established between the multiple and the single scattering (solar and thermal with different relationship). The fluctuations are computed on the spectral band, the geometrical depth, the scattering angle, the zenith angle and the extinction coefficient (at 0.55µm). 7200 scenarii from MATISSE have been analyzed to perform the fluctuations model. The multiple scattering for solar effects can be sum up with the following equation:

with MSs the solar multiple scattering, SSs the solar single scattering.

There are limitations regarding the model. This version (v1.0) does not include aerosols at low altitude. There is also now no possibility to include field aperture for sensor modeling (only parallel lines of sight). The spectral band for the single scattering is included between 830 and 25 000 cm-1 (0.4 -12 µm), however, the band is restricted by the multiple scattering between 3330 and 3850 cm-1. Finally, observer view is nowadays correlated to satellite view only.

RESULTS

We represent as outputs of the model the Ice Water Path (IWP, in g/m2) calculated with the following equation:

The spatial dimensions for the following examples are taken in order to correspond to the CNRM clouds which are fixed. The number of pixels corresponds to 100x100x150. The size of the area is 10x10x6 km starting at an altitude of 6 km.

Here are displayed examples of clouds with various wind shear velocity (w) and atmospheric stability (s). Both parameters can take three values in the scenario: 1, 2 and 3. For the wind shear intensity, cases of 1, 2 and 3 respectively correspond to values of 0, 3 and 7 m/s.km (low, medium and high). For the atmospheric stability, cases of 1, 2 and 3 correspond to a value of χ of respectively 10, 3 and 1 (low, medium and high).

We display on figure 5 The first (w2s2) corresponds to a medium wind shear intensity and atmospheric stability. The highest IWP forms the shape of the cloud. The blue holes form the holes of the cloud (but still with IWC as the minimum is different to zero) and they are bubbles-like shaped. If we increase the atmospheric stability (w2s3), we get a cloud field constituted with many single dots corresponding to the highest IWP.

On the contrary, if we increase the wind shear velocity (w3s2), the shape of the clouds will be elongated with a shape looking like cirrus uncinus. We notice that the output of 3DCLOUD is fully cloud covered. There are no hole in the spatial IWP created by the model.

DISCUSSION

CERAMIC package has been validated in 1D for the average contributors, the average total radiance and the transmittance by MATISSE code. It is a referency code in 1D, which has been validated code to code with MODTRAN4, and by comparison with MODIS images [11][16]. The 3D fluctuations model for the multiple scattering has been compared to SHDOM outputs, 3D referency code which can accuracy computes 3D radiances. LUCI is less accurate than SHDOM, because of approximations made on modeling, but it is strongly faster than a 3D referency code.

1D validation

The 1D spectral validation is based on a comparison with MATISSE, standing for the Advanced Earth Modelisation for Imagery and Scene Simulation. Developped at ONERA, it provides radiance images including atmospheric emission and scattering, cloud scattering, ground reflexion and emission, atmospheric variability, using a Line-by-line (LBL) method and a K distribution method for solving IR radiative transfer [START_REF] Labarre | MATISSE-v2.0: new functionalities and comparison with MODIS satellite images[END_REF].

We represent on figure 6 (left) the total radiance observed from LUCI and MATISSE. This computation has been performed according to Fraunhofer's geometry and location needs. We have chosen a CNRM cloud for the atmospheric background.

Figure 6: On the left, total radiance observed from LUCI and MATISSE. On the right, the corresponding transmittance.

Although the results agree well, we notice a few differences (low and high values). This is explained from the differences of both models such as the microphysics in input data. These differences can be also observed with the transmittance (figure 6, right) with a strong gap at 3455 cm-1, that can be linked to the different clouds used.

On figure 7 are represented different contributors for the radiance using a different scenario. This one corresponds to SAMOTRAS study, conducted by ONERA [START_REF] Malherbe | PRF Samotras-Développement d'un code de transfert radiatif 3D en milieu nuageux à haute altitude[END_REF]. On the left, the contributors correspond to the solar emission. From the top to the bottom are displayed the single scattering, the multiple scattering and the radiance emitted from the ground. On the right are displayed the corresponding contributors from the thermal emission. The correlation is strong between MATISSE and LUCI outputs. Few differences are observable for the solar single and multiple scattering around 3800 cm-1, and for the ground emission around 3400 cm-1. The corresponding total radiance is displayed on figure 8 along with the transmittance. Globally, a good agreement can be noticed, in regards of the small differences of the atmospheric medium in input of MATISSE and LUCI.

3D validation

The validation of the 3D radiance fluctuations from multiple scattering has been performed using SHDOM (for Spherical Harmonic Discrete Ordinate Method for 3D atmospheric radiative transfer [START_REF] Evans | The Spherical Harmonics Discrete Ordinate Method for Three-Dimensional Atmospheric Radiative Transfer[END_REF]) since that could not be evaluated with MATISSE (1D). SHDOM allows the use of 2 modes: 3D and IPA (Independant Pixel Approximation [START_REF] Frame | An application of the tilted independent pixel approximation to cumulonimbus environments[END_REF], but not used here because less accurate). There is no clear atmosphere and no correlated-k (CK) method. It uses a Henyey-Greenstein phase function and the asymetry factor is limited at 0.96. On the other hand, LUCI is coupled with the atmosphere, it uses a CK precision and a Mie phase function. To perform the comparisons, the ground emissivity is set on 1.0 for solar validation and on 0.0 for thermal validation.

Solar radiance

We present on figure 9 an exemple of results from both model (on the left SHDOM and on the right LUCI) for solar effect. The corresponding numerical details are displayed on table 1. We observe that the mean is slightly different. This is explained by the models differences in input, such as the phase function. The standard deviation agrees well between both models. However, the computing time is very high for SHDOM. Moreover, SHDOM has not used correlated-k (abbreviated CK) for this application. The computation time is estimated higher than 23 000 minutes with CK whereas LUCI includes CK. We ascertain a consequent time gain with the use of LUCI.

SHDOM 3D LUCI

Although the standard deviation agrees, its possible link to radiance supposes a minimization. Adding that LUCI uses vertically homogeneous clouds for radiance fluctuations, we need to verify the vertical fluctuations of the clouds, which leads to the study of the CNRM clouds. Taking into account vertical heterogeneities in LUCI will be an improvement in a future version of LUCI.

Thermal radiance

In the case of the thermal validation, we display the results using the ground emissivity to 0.0 between 2.6 and 3 µm (figure 10). The results are also good in this configuration. The mean value is very similar. The standard deviation is lower for LUCI, which can be observed since the contrast of the image is lower too. Therefore, the underestimation of the fluctuations has to be investigated with the study of the vertical heterogeneity.

Cirrus radiance structures

We present results using the cloud from the CNRM and a cloud generated by 3DCLOUD. On figure 11, the left part correspond to the IWP of the cloud and the right part displays the respective radiance.

Figure 1 :

 1 Figure 1: Vertical profile of the IWC used in the model 3DCLOUD (from Szczap and al.[3]).

Figure 2 :

 2 Figure 2: Average of the clouds profiles (in black) and the corresponding Gaussian fit (in red).

Figure 3 :

 3 Figure 3: Evolution of the total cloud cover, with a diurnal evolution. A diurnal evolution is noticeable with a maximum close to 8 hr and a minimum around 20 hr. This allows the possibility of choice of the cloud density for the model. We represent on figure 4 (left) the IWC maximum over the 96 files. The corresponding vertical standard deviation is represented on the right.

Figure 4 :

 4 Figure 4: On the left, the maximum of IWC over the 96 files. On the right is represented the corresponding vertical standard deviation.

Figure 5 :

 5 Figure 5: Examples of IWP produced with the model 3DCLOUD various wind shear velocity (w) and atmospheric stability (s).

Figure 7 :

 7 Figure 7: Comparison between MATISSE and LUCI. On the left are represented the solar contributors, and on the right, the thermal contributors. On the top, the single scattering, in the middle, the multiple scattering and at the bottom, the solar and thermal radiance from the ground.

Figure 8 :

 8 Figure 8: Comparison between MATISSE and LUCI for the total radiance (on the left) and the transmittance (on the right).

Figure 9 :

 9 Figure 9: Examples of solar radiance calculated with SHDOM (on the left) and LUCI (on the right).

Figure 10 :

 10 Figure 10: Examples of thermal radiance calculated with LUCI (on the left) and SHDOM (on the right). The mean value and the standard deviation are also displayed for each example.

Table 1 :

 1 Comparison of the values from the figure 9.

	Average radiance (W/m2.sr)	0.001846	0.003106
	Standard deviation (W/m2.sr)	0.001084	0.001400
	Minimum (W/m2.sr)	5.3207E-5	5.4907E-6
	Maximum (W/m2.sr)	0.004065	0.006079
	Computing time (min)	1360	1
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IWP 3DCLOUD cloud(g/m2)

Radiance (10 -3 W/m2.sr) (w3s3) We observe that the shape of the radiance is coherent with the shape of the cloud. If we look at the maximum for each radiance, the CNRM cloud leads to a radiance maximum of 6.49x10-3 W/m2.sr and the cloud from As expected, the radiance outputs are in correlation with the clouds inputs. The shape of the clouds has a strong importance in the radiance image.

Globally, we can notice that 3DCLOUD generator is well adapted to represent the elongated structures that are usually observed in Cirrus context.

CONCLUSION

The CERAMIC package presented in this study is composed of 2 different sources of clouds. One has been provided by the French CNRM and is related to a climatological study. The other source of clouds is the model 3DCLOUD. Developed at the LaMP, it provides a 3D field of IWC and effective radius. Both are used as input for the model LUCI which computes the solar and thermal radiance. It uses fast analytical method for the single scattering and a fluctuationsbased model for the multiple scattering. The results of the CERAMIC package have been compared for validation to the model MATISSE and outputs of SHDOM. The results agree well and hints show possible ways to improve again the package for future version of CERAMIC.