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The top version is the one commonly used in games. It is not in the form of a 

BRDF (among other things, it includes the clamped cosine factor), so we will 

rewrite the same function as a BRDF using the previous notation from this talk. 
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The absence of reciprocity, Fresnel, etc. can be minor issues depending on the 

material we are trying to simulate. The lack of normalization is more of a problem. 



4 

Making the surface too dark is what commonly happens. In the Phong example, 

normalized parameters enable controlling smoothness and brightness separately 

– the non-normalized Phong mixes the two together. 
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If the term already has a reflectance parameter included, you may need to 

remove it before computing the upper bound CR. 
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The upper bound should be conservative, to enforce conservation of energy. But 

it also needs to be as tight, to ensure that the total reflectance of the material is 

as close to the user-set parameters as possible. There usually isn’t an analytical 

form for an exact bound, so some experimentation and judgment is needed. 
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Actual reflectance will be just a little bit lower than the reflectance parameter due 

to the conservative normalization factor, but it will be close.  
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Plastic spaceship; RF(0)=5%. Non-normalized version is too dark. Increasing 

RF(0) would change Fresnel behavior, and the value would have to be changed 

again if surface smoothness (specular power) is changed. In the normalized 

version the material reflectance and smoothness can be adjusted separately. 
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We can see this is in the same form as the microfacet BRDF we saw earlier. S is 

a factor between 0 and 1 that controls the relative intensity of the specular and 

diffuse reflection. Quite a bit of energy is lost via the geometry factor – the actual 

reflectance is quite a bit lower than the parameters would indicate. 
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M is a parameter which controls roughness of the surface. 

But it is suggested that a variety of other NDFs can work. 
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Phong can be seen as a normal distribution function. These functions have subtle 

differences – worth trying out, especially the cheap ones. Normalization factors 

need to be added for the Gaussian and T-R NDFs; note that a normalized NDF 

doesn’t guarantee a normalized BRDF. 
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This geometry term is based on a shadowing/masking model of long thin V-

shaped grooves. It is not very consistent given that it is supposed to be used on 

isotropic surfaces. 
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Aside from the new normal vector, this is almost exactly the same as Blinn-

Phong. One more difference is that when the light is not in the hemisphere about 

the original surface normal, the lighting is set to 0 (“self-shadowing” term). This 

is the only effect the surface normal has on this model. 
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This is another “pseudo-microfacet model”. It uses a Beckmann NDF, but no 

explicit Fresnel or masking / shadowing. It is well normalized however. 
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The only change is in the NDF, which is now anisotropic. 
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This approximation is much faster to compute since it uses mostly dot-products. 
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Although it is missing some of the features of the physically-based BRDFs, the 

images still look quite nice. 
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Another ‘pseudo-microfacet’ model 
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Note max(cos, cos) term in denominator 
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implementation-friendly form 
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This requires that the light and view direction are in the local frame of the surface 

(which the BRDF definition assumes anyway, it’s just that with many BRDFs you 

can get away with not actually transforming them into that space). 
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Besides the standard cosine lobe, this can handle many other cases. 
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Sigma is a roughness parameter. 0 is smooth (Lambertian), and increasing the 

number increases the roughness. Remember that φ is the relative azimuth angle 

between the directions of incidence and exitance. 
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Just calculate Δp, and lookup in a suitable 1D ramp texture based on whether the 

thin film is backed by a material with higher refractive index. The thickness can 

be constant or varying. From the second form, we can see that the larger the 

refractive index n, the less effect the incidence angle has. 
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This is simplified, since it only takes the first two reflections into account and 

assumes they are of the same intensity for interference purposes. The 

approximation can be made more accurate by tweaking the 1D ramp textures, at 

the cost of some generality. 
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Note that here we are using essentially a non-normalized form of the half-angle 

vector. 
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The ramp texture can be calculated by adding together suitably shifted and 

scaled specular “rainbow ramps”. 
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Other examples are possible. In the implementation section we will discuss using 

textures as lookup tables for factorized BRDFs, this can always be an opportunity 

for artist tweaking of the BRDF. 
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