Interactive Exploration of Iridescence
Using Rough Bragg Mirrors
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Hello everyone and thank you for being here. �Today I will talk about the interactive Exploration of iridescence using Rough Bragg Mirrors�
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To beggin let me explain what is iridescence. �Another name for iridescence is “goniochrmism” which came from gonio “angle” and chromism “color”. In short it’s the property of a material that changes its color when viewed from different angles.�We have multiple exemples of such material in nature, here are some exemple. ��Typically, iridescence is achieved using nanoscale structures that create angle_dependent spectra through light interference.�This is what we called structural colors, �
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One of these structures that can be seen in nature are Bragg mirrors, it is a kind of 1D photonic crystal consisting of periodic arrangement of two dielectric thin layers with distinct refractive indices and widths
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We can compute the reflection and transmission spectra of Bragg mirrors using analytical equations with 5 parameters plus an angle of incidence. �Here is the resulting reflection spectrum for a set of parameters, you can see on the right a sphere of this material in an environement map, and here the same sphere in a white uniform background. 
The white dot represent the incidence angle used to plot the spectrum.��Bragg Mirrors generate interesting spectra due to the presence of photonic band gaps appearing more clearly when the number of repetition is large enough.
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Effectively this means that we obtain a 100% reflectivity for certain range of wavelength, resulting in vivid color as we can see on le right


wavelengths

20 repetitions



Commentaires du présentateur
Commentaires de présentation
The four other parameters, namely the widths
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 and indices of both layers impact the number, the position and the width of the band gaps, granting a huge palette of colors obtainable at a given incidence.
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What is interesting for us, is that the position of the band gaps varies with the incident angle
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What is interesting for us, is that this spectrum varies with the incident angle
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What is interesting for us, is that this spectrum varies with the incident angle
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This is what causes iridescence for a bragg mirror, let me show that again 
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In natural materials however, these structures are never perfect and smooth, this creates more diffuse appearance and variation in colors that differ from the smooth model. �To account for these imperfection, we incorporated the reflexion spectrum in a microfacet-like material.��The material is now defined as a distribution of micronormals so that at a nanoscopic scale the surface is still smooth, and we can use the same equation than before, but the local normal is not aligned with the geometric normal of the object.��We can then increase the roughness by increasing the standard deviation of the micro-normal around the geometric normal. 
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To compute the amount of light reflected from a incoming direction i, to an observer direction o, we use the classic definition of a microfacet brdf shown here, where h is the half-vector between o and i.�D represent the amount of micronormal aligned with h, G is the geometric attenuation term accounting for microfacets that are masked from a given point of view because of shadowing and R is the reflection spectrum of our bragg mirror.��Here is what it looks like on a sphere, as the roughness increases, the reflection is more and more blurry and  the colors change a little but the global iridescence remains !
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Using this model, it is possible to plug this model inside a spectral renderer to explore the appearance interactively. Note that we used another parametrisation for the bragg mirror, Lambda equal d1+d2 and delta = d1+d2 over d1;�We observe that when lambda increases, the number of colored fringes increases too, and delta only veies the colors, not the number of fringe.��Colors are usually more vivid when the index contrast between n1 and n2 is strong, and when we change n1, we add a smooth coating on top of our rough bragg mirror 

http://drive.google.com/file/d/1ma7KviNg7hOLR-Rhp-_5BroQBICGIchH/view

Smooth coating

Multiple rough



Commentaires du présentateur
Commentaires de présentation
But why stop here, we can incorporate this model in a multiple layer material. �First we observed that, since all layers in a bragg mirror ar parallel, the transmission through a Bragg mirror is ballistic,�Next, and i won’t go into much detail here, we can compute an achromatic filter, basically it willow weight the contribution of each microfacet based on the distribution and on the incident angle.�Using this Filter that solleley depends on the roughness, we can precompute the transmission of a rough layer by integrating the transmission aff all microfacet only once  for every incident angle.��Finally we made the single reflexion approximation, where a ray can only be reflected once by the structure, we lost a little bit of intensity here, but it’s often negligible in pracice.�


Smooth coating

Multiple rough



Commentaires du présentateur
Commentaires de présentation
But why stop here, we can incorporate this model in a multiple layer material. �First we observed that, since all layers in a bragg mirror ar parallel, the transmission through a Bragg mirror is ballistic,�Next, and i won’t go into much detail here, we can compute an achromatic filter, basically it willow weight the contribution of each microfacet based on the distribution and on the incident angle.�Using this Filter that solleley depends on the roughness, we can precompute the transmission of a rough layer by integrating the transmission aff all microfacet only once  for every incident angle.��Finally we made the single reflexion approximation, where a ray can only be reflected once by the structure, we lost a little bit of intensity here, but it’s often negligible in pracice.�
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But why stop here, we can incorporate this model in a multiple layer material. �First we observed that, since all layers in a bragg mirror ar parallel, the transmission through a Bragg mirror is ballistic,�Next, and i won’t go into much detail here, we can compute an achromatic filter, basically it willow weight the contribution of each microfacet based on the distribution and on the incident angle.�Using this Filter that solleley depends on the roughness, we can precompute the transmission of a rough layer by integrating the transmission aff all microfacet only once  for every incident angle.��Finally we made the single reflexion approximation, where a ray can only be reflected once by the structure, we lost a little bit of intensity here, but it’s often negligible in pracice.�
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But why stop here, we can incorporate this model in a multiple layer material. �First we observed that, since all layers in a bragg mirror ar parallel, the transmission through a Bragg mirror is ballistic,�Next, and i won’t go into much detail here, we can compute an achromatic filter, basically it willow weight the contribution of each microfacet based on the distribution and on the incident angle.�Using this Filter that solleley depends on the roughness, we can precompute the transmission of a rough layer by integrating the transmission aff all microfacet only once  for every incident angle.��Finally we made the single reflexion approximation, where a ray can only be reflected once by the structure, we lost a little bit of intensity here, but it’s often negligible in pracice.�
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And here’s what it looks like : first we have a moderately rough bragg layer on top of a grey diffuse base
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Next a rough bragg layer under a smooth coating, we can observe what we call a Hazy gloss around the specular reflection 
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And finally we have to bragg mirrors with different roughness, it’s hard to see on a static image like this, but the colors of the two Bragg mirrors are mixed and the roughness of each layer has subtle effects on the overall appearance.��All of this has been done on a spectral renderer, but we also develop an RGB approximation for bragg mirror reflection and transmission to speed up the process even more.
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