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Abstract

We examine some categories of concepts involving visual appearance such as

metallic aspect, lustre, transparency, gloss, or opacity. Metallic aspect,

characterized by a high reflectivity (over the whole visible spectrum and more)

and opacity of conductive substances are explained by plasma physics.

Transparency is a property of homogeneous dielectric substances and is mainly

described with the well known refractive index notion. Colored materials such as glasses, ceramics or resins are mainly translucent and have generally a very low electric conductivity while their optical conductivity is described by a

spectral function. In our real world, pure metals or perfect dielectrics are

abstractions or ideal forms associated with the notion of high purity. The

distinction between these two opposite states of matter for the visible light

behavior is relevant from band theory. It appears that any real material can be

described by means of some notions such as complex dielectric function (or

complex refractive index) and geometrical parameters such as roughness. Though

this notion is not completely new, it is not enough employed. The main reason

lies in the fact that the data are often missing. Some optical data, as needs

for spectral rendering of color phenomena have been placed in our web pages and

concern about 30 elements. There exists, in optics fields, some methods for

extracting optical constants from reflection or transmission spectra. Among these methods, the Kramers-Krönig analysis is currently used, fast and very efficient.

Using spectral data consisting in real and imaginary part of the complex

refractive index and not directly spectra, it is possible to anticipate the

angular and spectral behavior of light when interacting with materials.

The goniospectrophotometric records defined as BRDFs (Bidirectional Reflectance

Distribution Function) can be modeled applying the laws of optics and, by this

way, can help in visualizing real optical properties in a design process.

Instead of the use of BRDFs, that can only help in the replication of an optical aspect of a real body but visualized with different illumination conditions, we calculate and compute the BRDFs from optical data [complex refractive index (n,k)]. This approach is very rich when textured materials, either natural or man made, are involved since goniospectrophotometric measurements are not pertinent. As previously mentioned, the complex refractive index notion appears to be more important for modeling than spectra. Our arguments for a good knowledge of the way we are walking in, are founded on the following observations :

1. opacity and very high reflectivity of metals are characterized by a very

important absorption index k, while the real part of the refractive index can be

less than unity (e.g. evanescent wave in noble metals).

2. semi-transparency in thin slabs and a high reflectivity of semi-metals are

characterized by an absorption index k weaker than for metals.

3. transparency and translucency are characterized by either a completely real

refractive index or with a weak spectral absorption index k.

4. reflection spectra for normal incidence are less pertinent than effective

complex refractive index.

Thus, any calculation and model must be sufficiently general to include all

possible cases of optical behavior. Following a first historical approach

conducted by Judd in 1942, we applied an analytical and computational

representation of reflectance (or transmittance) expressed by the "Surface of

Whole Reflectivities". This surface is obtained by numerical integration of the

Fresnel reflectance when n ranges in [1 ; 6] and k in [0 ; 10] and including an

attenuation due to roughness (gaussian microfacets distribution) influence. The

integration concerns the complete half space delimited by the local mean tangent plane to a real material surface. For this purpose the illumination is

considered as uniformly diffuse over the illuminated real surface and thus does

not participate by the mean of a real indicatrix surface for a particular light

source to the angular computation. The results obtained completely include the

experimental results published by Judd in 1942 (for a real index of refraction)

and confirmed by Mandelis in 1990 when he studied the reflectivity of large

powders. This generalization by the use of the computer capabilities exhibit

within the same representation the possibility of accessing to color,

transparency and gloss for a given surface state. We examine the influence of

small variations on n and k on this mean diffuse reflectance as it gives access

to several important visual parameters. Angular and spectral variables are very

important for modeling (and measuring) optical phenomena in a visualization

process where a CIE standard observer is used. Pearlescent pigments, metallic

paints, are correctly perceived in a simulation process when including binocular information, as pointed out by McCamy. This aspect is very important and is in progress in conjunction with automotive designers.

Several fields of application either scientific, educational or industrial are

on demand and concerned by an accurate and predictive tool for visualizing the

optical appearance depending on spectral and angular variables simultaneously.

Thus, for example, are concerned jewelry, dentistry, archeology, artwork

restoration and more generally design.

Illustrations

 The color of metallic substances cannot be described in the same way as for

composite materials such as paints or plastics where color is mainly due to

internal multi-scattering processes and spectral absorption. For metallic

samples the diffuse light is only due to surface interactions induced by

roughness. As examples rendering of many elements of the periodic table using

the method called OCRE (Optical Constants for Rendering Evaluation--cf. P.

Callet's website) are produced.
