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Artist Friendly Metallic Fresnel

Ole Gulbrandsen
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Figure 1. Physical versus visual parameters (these are approximate values for gold).

Abstract

Light reflecting off metallic surfaces is described by the Fresnel equations [Born and Wolf
1999], which are controlled by the complex index of refraction N = n+ ik.

Together, n and k determine the two characteristics of the Fresnel curve for a material: the
reflectivity at normal incidence and how quickly it fades to white at grazing angles. However,
this parameterization presents some artistic challenges because both characteristics depend on
both parameters. An artist would ideally manipulate each property independently and have
them on a unit scale. This paper describes a remapping for the approximated unpolarized
Fresnel equations of n and k to the more intuitive reflectivity, r, and edgetint, g, both in the

range from O to 1.

1. Introduction

Balancing the energy between reflected and internally scattered light, the Fresnel
equations play a central role in physically-based shading. The light reflected from
a metallic surface is dependent on the angle of incidence, and to describe it, an artist
would typically need to enter one pair of n,k per RGB channel:

n = (ng,ng,np), k = (kg,kg,kp)

as shown left in Figure 1. In this paper, we introduce a remapping to the normalized
parameters

r= (rRarGﬂ‘B)a g= (nggG7gB)
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Table 1. Perhaps not the most plausible metal, but by choosing a monochrome r = 0.4 we can
see how the reflected color starts at r and is biased by g before it fades to white on the edge.
See Equation 7.

as shown on the right of Figure 1. The first parameter, r, determines the reflectance at
normal incidence, as in Cook and Torrance [Cook and Torrance 1981] and Schlick’s
approximated Fresnel factor [Schlick 1994].

The second parameter, g, the main contribution in this paper, controls the color
bias as the viewing direction becomes parallel to the surface, as shown in Table 1.
Combined, r and g map the same range of Fresnel reflectance as n and k.

2. Theory

2.1. Visually Predictable Parameters

The motivation behind artist friendly parameters is to allow artists making visually
predictable changes to physically plausible models. Ideally they should be normal-
ized—mostly for easy texturing—and increasing a parameter should increase the re-
sult; for a function f and parameter x we want

a—fZOforalle [0,1]. ey
0x

2.2. Mathematically Plausible Values
Reflectance along normal incidence [Born and Wolf 1999] is given by

(n—1)%+k?

ri(nk) = —(n+1)2+k2'
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Figure 2. Plotting Equation 2 for three different values of r. By fixing » we get a constraint
on n and k.

Setting | equal to our input parameter, r, we can represent as k as a function of r
and n:

e = e+ 17— (- 1) @

which is defined if the expression under the square root is non-negative, giving us the
following interval for n:

1—/r 1+/r
ne[l—i—ﬁ’l—ﬁ} forr€0,1) 3)

as shown in Figure 2. Cook and Torrance [Cook and Torrance 1981] use the upper

boundary in Equation 3 to compute n, but we are free to choose any n within this
range, as long as k satisfies Equation 2. We will now explore the visual effect of
doing just that, for the unpolarized approximate Fresnel equations.

2.3. Unpolarized Approximate Fresnel Equations

In this section we will focus on a common approximation of the unpolarized Fresnel
equation [Pharr and Humphreys 2010]:

R(r,n,0) = % (fJ_(n,k, 0) + fj|(n,k, 6)) 4)

where the perpendicular polarized reflection, f, , and the parallel polarized reflection,

Jj|» are defined as

n? +k* —2ncos® +cos> 0

n? +k%+2ncos 0+ cos20

(n? +k*)cos?0 — 2ncosO+ 1
fi(mk.8) = (n?> +k?)cos?0+2ncosO+ 1"

We can replace k with k(r,n) from Equation 2, and write Equation 4 as a function of

fL(n,k,0) = (5)

(6)

r, n and the viewing angle 6:
1
R(r,n,0) = 3 (fL[n,k(r,n),B] —I—fH[n,k(r,n),G]) . @)
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2.3.1. Reflectivity and Edgetint

We want R to be monotonically increasing (Equation 1) with respect to both r and g.
Starting with r; since we defined r as the reflectivity at normal incidence, we only

need to show that
OR
>0

g_

for © = 0, which is trivial, since
R(r,n,0) =r.

Hence r is a valid parameter. The next challenge is finding g. The idea is using g to
interpolate between the valid values of n. We can show that

oR
— =0 8
n (8)
for
—r
—0andn = 9
n and n T )

and only the latter is in the valid range. It is also independent of 0. This means, in
order to satisfy the monotonically increasing property, we have to limit the range of n

l—r 1—r
e

either as

or

e[lr 1+\/;] (11)

l+r' 1—/r
as shown as the two regions in Figure 3. Here we see that the right (blue) region,
Equation 11, gives the most linear behavior. In this range

oR

— <0

on —
for every r between [0,1) and every 6 between [0°,90°]. This is almost what we
want for g except for the negative derivative. If we use g as parameter in a linear

interpolation
B 1—r 1++/r
n<r’g)7gl+r+(1_g>l—ﬁ (12)
we get
OR OROJn OROJr ORO6 8R8n>0 (13)

% ondg ordg 0dg andg -
forall rin [0, 1) and all 6 in [0°,90°] satisfying Equation 1 for g.
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Figure 3. Plotting R as a function of n. We can use either the left or the right side, since R is

1—y/r 1++/7
1++/r 1—/r*

the same at n = and n =

2.3.2. Invertibility

Finally we want to make sure that for each (n, k) there is a unique (r,g) and vice versa.
Since we have the inverse mapping

(n—1)2+k>

" e

(14)

and

g(n,k) = ] (15)

and the determinant of the Jacobian
dn  on

or dg
* ok >0
Jr og

for all r,g € (0, 1), the map from (n,k) to (r,g) is a bijection.
2.3.3. Final Parameters

For the approximated Fresnel equations, we have the following remapping

1—r 14++/r
+(1-g) vr
L+r 1—/r

rn(8)) =\ T rlatr) 12— ()~ 1))

where r € [0,1) and g € [0,1]. Table 2 shows a list of common materials and their

n(r,g) =8

reflectivity/edgetint parameters.
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Material Reflectivity and Edgetint

Gold

Copper

Silver

Aluminium

Unobtainium

Table 2. Reflectivity and edgetint for common (and less common) metals. Data for the top
four metals is borrowed from Refractive Index.info [Polyanskiy 2014].

3. Conclusion

We have show how we can start with the physical parameters n and k and remap them
to r and g. While the choice of g as linear weight might appear somewhat arbitrary, it
is a simple solution, yielding predictable behaviour for the artist.

Several scenarios have not been touched; these include polarized reflections and
the full Fresnel equations [Glassner 1994]. From the authors experience these are not
often used in production rendering.
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A. Implementation

float n_min(float r){
return (I1—r)/(1+r);
}
float n_max(float r){
return (l+sqrt(r))/(1 —sqrt(r));
}
float get_n(float r,float g){
return n_min(r)*g + (1—g)*n_max(r);
}
float get_k2(float r, float n)f{
float nr = (n+1)x(n+1)xr—(n—1)*(n—1);
return nr/(l—r);
}
float get_r(float n, float k){
return ((n—1)*(n—1)+kxk)/((n+1)*x(n+1)+kxk);
}
float get_g(float n, float k){
float r = get_r(n,k);
return (n_max(r)—n)/(n_max(r)—n_min(r));
}
float fresnel(float r, float g,float theta){
// clamp parameters
float _r = clamp(r,0,0.99);
//compute n and k
float n = get_n(_r,g);
float k2 = get_k2(_r,n);

float ¢ = cos(theta);
rs_num = n*n + k2 — 2xn*c + cx*cC;
rs_den = nxn + k2 + 2xn*xc + cxcC;

rs = rs_num/rs_den;
rp_num = (nxn + k2)*xcxc — 2xnxc + 1;
rp_den = (n*n + k2)*xc*c + 2xnx*xc + 1;

rp = rp_num/rp_den;

return O0.5x(rs+rp);
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