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Figure 1: Image of a satellite in Earth orbit simulated by SIRIUS rendering engine.

The scene will represent a sphere orbiting the Earth, so that at- (1)

For a fixed temperature, the emission spectrum is thus perfectly 63 known and defined for every wavelength. In this scenario, the re-64 flectivity of the sphere is zero.
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The second scenario aims to quantitatively evaluate the effi-66 ciency of the reflections modeling. In this scene, the sphere has Since here the two quantities we will be looking at are the mean 78 and the standard deviation, it is crucial that our two data sets have 79 converged sufficiently to avoid any noise due to the Monte-Carlo 80 method. To be sure, we will allow ourselves a sufficiently long com-81 putation time. Nevertheless, image noise, while greatly minimised, 82 cannot be reduced to zero. 83

Comparative results
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We will present here the results obtained from the two solutions for The tests carried out made it possible to evaluate its ability to 
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  Physically based rendering engines dedicated to aircraft and satel-2 lite signatures predictions in the visible and infrared bands exist 3 now for a few decades. They have seen their capabilities regularly 4 improved over time for the needs of many applications including 5 assessment of new detection systems and the design of stealth plat-6 forms. One of these signature codes, CRIRA, has been developed 7 by a team of researchers for many years at ONERA [CLC20]. The last years have seen the democratization of ray tracing al-9 gorithms and the distribution of more efficient graphics processing 10 units (GPU) by the main hardware manufacturers in this field. This 11 has led some researchers to choose to develop brand new physi-12 cally based rendering engines taking full advantage of these new 13 possibilities. 14 In 2019, a new rendering engine called SIRIUS, developed at 15 ONERA, was introduced [Hoa19]. This research tool based on 16 global illumination methods has been designed to be compatible 17 with the calculation of infrared and visible hyperspectral signatures 18 of platforms on GPU. 19 Until now, no comparative studies have been conducted on SIR-20 IUS to ensure the reliability of its predictions. The aim of this pa-21 per is to carry out a first test for this new tool by confronting it 22 with CRIRA, which has already seen its predictions validated by 23 experimental campaigns [CCD * 12]. 24 1.1. CRIRA presentation 25 CRIRA is a physically based model initially dedicated to the pre-26 diction of infrared aircraft signatures. The code has been gradually 27 improved and extended to the visible spectrum, air breathing mis-28 siles and to a lesser extent to satellites. 29 The rendering engine is based on Monte-Carlo ray-tracing meth-30 ods. CRIRA has modules to initialize the plume calculation, model temperature at the entrance of the compressor stage and in the nozin the last few years to be a complemen-36 tary tool to CRIRA. Following the same Monte-Carlo ray-tracing 37 paradigm, its main objective is to alleviate the difficulties associ-38 ated with the computation time which can be very important for 39 this type of simulations.
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  This research has led to the development of the DPEPT (Deferred Path Evaluation Path Tracing) method [HCTR18] which 42 consists in decoupling the path evaluation from the path genera-43 tion. 44 If SIRIUS benefits from many optimization techniques such 45 as DPEPT, preferential sampling, GPU calculation, absent from 46 CRIRA, it is however less mature than its predecessor and has not 47 yet all its functionalities such as the modeling of the transmission 48 of radiation in the atmosphere.
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  We propose to generate images of several canonical scenes with 51 parameters in every way equivalent by both solutions, in order to 52 obtain two equivalent sets of data to analyse and compare.
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  mospheric effects, not modelled by SIRIUS, do not interfere with 55 the final rendering. The environment map, including the Sun and 56 the Earth, is generated by MATISSE, an independant atmospheric 57 radiative transfer code [LCF * 10]. 58 The first test case will aim to characterize the effectiveness of 59 SIRIUS predictions for light emitted by an object which occurs in 60 the infrared band. Both programs use Planck's law (1) to model the 61 electromagnetic radiation of an object. 62 L λ (λ, T ) = 2hc 2
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  zero emissivity and is subjected only to direct sunlight as well as 68 sunlight reflected by the Earth. The bidirectional reflectance distri-69 bution function (BRDF) used consists of the combination of two 70 theoretical BRDF: one perfectly specular, the other perfectly lam-71 bertian. 72 Once the simulations have been performed by the two softwares, 73 we compare the luminance obtained pixel by pixel between the two 74 data sets. The perfect theoretical case would be a ratio of 1 for each 75 pixel. By analyzing the obtained distribution, the objective is to get 76 closer to a Dirac centered on 1.

  77

85Figure 2 :

 2 Figure 2: Simulation results (CRIRA on the left, SIRIUS on the right) of a sphere to 300 K with 2000-3325 cm -1 spectral band sensor.

Figure 3 :

 3 Figure 3: Distribution of the radiance ratio between outputs of SIRIUS and CRIRA pixel-by-pixel for the emissivity scenario.

Figure 4 :

 4 Figure 4: Simulation results (CRIRA on the left, SIRIUS on the right) for an equivalent scenario: a sphere is placed outside the atmosphere above the Earth directly lit by the Sun.

Figure 5 :Figure 6 :

 56 Figure 5: Image obtained by dividing the radiance values of SIR-IUS output by those of CRIRA.
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  Our objective here is to test the viability of SIRIUS for future use 129 and development for image prediction of scenes so far managed 130 by CRIRA. It is thus crucial to ensure that the general ray-tracing 131 algorithm is physically realistic. 132 CRIRA's predictions for an equivalent scenario, having already 133 been validated in the past, serve as a benchmark. 134 The emissivity test (figures 2 and 3) gave satisfactory results.135 The image generated by SIRIUS converged extremely quickly with 136 very low noise and radiance values very close to those of CRIRA. 137 The radiance ratio pixel-by-pixel has a mean value of 0,972 with 138 a standard deviation of 0,002. Although the result is very slightly 139 underestimated compared to CRIRA, it is nevertheless very close. 140 The second test case associated with reflectivity (figures 4, 5 and 141 6) deserves further analysis. Two important issues in ray-tracing 142 imaging are evaluated here: the management of powerful, near-143 punctual light sources, and the management of simple specular and 144 diffuse reflectivity fonctions. 145 The results from SIRIUS and CRIRA are very similar. The radi-146 ance ratio pixel-by-pixel has a mean value of 0,981 with a standard 147 deviation of 0,039. If we separate the diffuse and specular contri-148 butions, we can see that the latter (in blue on figure 6) are very 149 slightly underestimated by SIRIUS compared to the CRIRA calcu-150 lation: the histogram is slightly shifted below 1 for a mean value of 151 0,951 and a standard deviation of 0,015. The SIRIUS diffuse con-152 tributions give radiance values very close to those of CRIRA: on 153 average, the pixel-per-pixel ratio is 0,995 with a standard deviation 154 of 0,036. 155 The noise-increasing effects of a quasi-punctual light source that 156 may happen were not significant. As an indication, the standard 157 deviation of the radiance ratios in the area under direct sunlight is 158 0,041 compared to 0,011 in the area in the shadow of the Sun.
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  model the emission and reflection of materials, as well as its man-175 agement of point light sources. Its ability to make physically re-176 alistic predictions under such conditions has thus been verified 177 for canonical objects. The differences that sometimes exist with 178 CRIRA, a software developed for the same purpose and whose pre-179 dictions have been validated by experimental campaigns, are lim-180 ited and do not exceed 5% of the values given by CRIRA. 181 The computation times, which were not intended to be studied 182 here, were however given for information purposes and are without 183 any possible comparison between the two tools in favour of SIR-184 IUS. 185 This first study of the capacities of SIRIUS to respond to these 186 problems gives encouraging results for further development of this 187 solution.

Table 1 :

 1 Mean radiance values over the entire image. SI units of radiance: W m -2 sr -1 .

	166			
		Test case	CRIRA	SIRIUS	Relative gap
		Emissivity	0,374 SI 0,364 SI	2,7 %
		Reflectivity 0,642 SI 0,657 SI	2,3 %
	167	5. Conclusion		
		SIRIUS is a rendering engine whose development started recently,
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Finally, it is interesting to also evaluate the mean radiance value 160 over the whole image, which is a representative quantity of the 161 scene, often studied by the user, and to compare the results ob-162 tained for the two solutions. These results are presented in table 1. 163 In both the emissivity and reflectivity test cases, the relative differ-164 ences between the predictions of the two solutions do not exceed 165 3%. 168 offering a very modular architecture and having a solid base op-169 timised for high performance computing. Our objective here was to ensure the viability of this tool for the prediction of aircraft and 171 satellite signatures in the visible and infrared, initially in a non-172 atmospheric environment.
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