Abstract

Computer Graphics Computer Graphics

− 2 steradian^{− 1}

Reflector

p s Eye . . . . . . . . . . . . . . . . .

p,

s_{− 2} p

.. . . . . . . . . .. .. .. .. .. .

.. .. .. .. .. .. .. .. . Eye s

p

Reflector

x p

backward

[Shirley90]).

distribution

C(t optical

S(t) = ∫_C η dt S geometrical wavefront,

settings,

E = I cosθ θ

d I = πd^2 P

f_1 f_2 ray

wavefront

r_1 r_2

f_1 and f_2 Let dA dA dA′ dθ_1 and dθ_2

I I′ = dA′ dA = r_1′r_2′dθ_1 dθ_2 r_1 r_2 dθ_1 dθ_2 = r_1′r_2′ r_1 r_2

/(r_1 r_2 ).

s to p

s to p x of x. d(x) = (s − x)^2 + √(p − x)^2 g(x) = d(x g Lagrange multipliers. variables.

g( = 0

∇ d( g( ) = 0 are s and p

g

. . . . . . . . . . . . . . . .

.. .. .. .. .. .. .. .. s

p x

d(x) = (s − x)^2 + (s.x) s d p

becomes:

d(x)_1 (s − x)^2_2 √(p − x)^2

where η_1 and η_2 d

[Stravroudis72].

x(u,v),

x_v(u,v).∇ d(u,v) = 0 x_u (u,v).∇ d(u,v) = 0

where x_u and x_v u and v directions, d(u,v

N N equations. x_0 = s and x_{N + 1} = p only x_1 through x_N

d(x_0 , x_{N + 1} ) =_{i = 0}Σ^N η_i (x_i − x_{i + 1} )^2

g_i (x_i ) = i N):

g_i (x_i ) = 0

∇_i d(x_0 , x_{N + 1} )_i ∇_i g_i (x_i ) = 0

x_{i − 1} and x_{i + 1} g_i (x_i ) = ∇_i d N

surfaces.

dx t = ds dx where ds^2 = dx.dx t ds dt_n n_g (n×t) dt t curvature κ_n n. n. ds dt ds dx . ds dn dx.dx dx.dn

t.n = t′.n t.n′.

containing n and t negative, positive.

κ_1 and κ_2 K equals κ_1 κ_2. κ_1 and κ_2

u_1 and u_2

v = sinθu_1 +cosθu_2 u = cosθu_1 − sinθu_2

κ_{uv} = (κ_{1 2} θsinθ κ_{v 1} sin^2_2 cos^2 θ κ_{u 1} cos^2_2 sin^2 θ

where κ_u and κ_v u and v,

directions.

κ_{2 u} sin^2 2κ_{uv}cosθsin_u cos^2 θ κ_{1 u} cos^2 2κ_{uv}cosθsin_vsin^2 θ

2κ_{uv}/(κ_{v u} )

dx.dx dx.dn dn dx f(x,y,z), n = (g.g)^{1/2} g where g f and g.g = ( f_x^2 + f_y^2 + f_z^2 )

dn = (g.g)^{1/2} dg − (g.g)^{3/2} g(g.dg) = (g.g)^{3/2} g.g)− (gg^T dg

where

gg^T =

f^z f^x f_y f_x f_x f_x

f_z f_y f_y f_y f_x f_y

f_z f_z f_y f_z f_x f_z

g is

dg = Hdx

where H

H = f^{zx} f_{yx} f_{xx}

f_{zy} f_{yy} f_{xy}

f_{zz} f_{yz} f_{xz}

Point3 u, v, n; float κ_u, κ_v;

• Transfer • Reflection • Refraction

κ_v

1− dκ_v κ_v κ_u

1− dκ_u κ_u

where d 1 r

r_v′

1___ = r_v − d 1 r_u ′ 1 = r_u − d 1

n^{(t)} n^{(i)} n^{(s)} n^{(r)} = n^{(i)} + i n^{(s)}

n^{(i)} and n^{(s)} n^{(r)} and n^{(t)} are wavefronts. η η_1 /η_2 cosi +cost (i t u = n^{(i)} ×n^{(s)}

u u

n^{(r)} and n^{(t)} direction u

κ_v^{(r)}_v^{(i)} + /cosi)κ_v^{(s)} κ_{uv}^{(r)}_{uv}^{(i)} − 2κ_{uv}^{(s)} κ_u^{(r)}_u^{(i)} + iκ_u^{(s)}

κ_v^{(t)}_v^{(i)} cost)^2 κ_v^{(s)} κ_{uv}^{(t)}_{uv}^{(i)} cost)κ_{uv}^{(s)} κ_u^{(t)}_u^{(i)}_u^{(s)}

κ_{uv}

u g(x) = and

f(x_0 f_x(x_0 ate f

accuracy.

f(x_0 f_x(x_0 ) f = c c f = x x_0 f

(g(x_0 g_x(x_0 * ( f(x_0 f_x(x_0

→ (g(x_0 ) f(x_0 g(x_0 ) f_x(x_0 ) + f(x_0 )g_x(x_0

( f(x_0 f_x(x_0

→ ( f(x_0 2 f(x_0 )

( f_x x_0 ) )

interval numbers.

a, b],

numbers X and Y X + Y f(X

f(x x ∈ X

[a,b] + [c,d] = [a + c, b + d

[a,b] − [c,d] = [a − d, b − c

ac,ad,bc,bd ac,ad,bc,bd

[a,b] * [c,d] = (1c)

[c,d]

[a,b] / [c,d] = [a,b] *

r(x can r(X argument X = [x_0 , x_1 r(X r(x X r(X (Y + Z) ⊆ XY+ XZ inclusion monotonicity:

X′⊂ X r(X′) ⊆ r(X) X interval r(X

N N unknowns, f(x) =

X_0:

X_{k + 1} = N(X_k) ∩ X_k

where

N(X) = m(X) − [F′(X^{− 1} f(m(X

Here, m(X the X F′(X)^{− 1} X N(X_k) ∩ X_k con-

N(X

+{I − [m(F′(X^{− 1} F′(X X− m(X

K(X) = m(X)− [m(F′(X^{− 1} f(m(X

If 0 F(X) f(x) = 0 (X) ∩ X X. (X) ⊆ X and I − [m(F′(X^{− 1} F′(X) 1 X

X

X ε_x).

∇ g and ∇ d g and d

x,y,z,λ

g(x) = 0.

X ._{. . . . .}

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

... ... ... ... ... ... ... ... ... ...

Reflector

p s

λ λ_{max}

p

g(x

g(x) = x^2 + y^2 + z^2 − 1 =

RET, }; The LDX x ADD

g(x) = x^4 + y^4 + z^4 − x^2 − y^2 − z^2 =

LDX,SQR,SQR,

LDY,SQR,SQR,

LDZ,SQR,SQR,

ADD,ADD,

LDX,SQR,LDY,SQR,LDZ,SQR,ADD,ADD,

SUB,

RET, }

x.

g(x

g(x ∇ g.

g ∂ ∂t

g ∇ g g

× g(x) = x^4 + y^4 + z^4 − x^2 − y^2 − z^2 = 0

.. ......... . .....

....... . . . ....

............. .. . .. ....

............ .. . . . . .. ... .....

.......... .. . . . . .. .. .. ... .......

... . . .. . . . . . ................. .. .. .. ... .....

..... . . . . .. . . . . . ....

... ... .... .. .. ....

.....

... . . . . . . . . . . . . . .. .....

...... .... . .. .....

...... .

. . . . . . . . . . . . . . .. ....

...... .... . .. .....

...... . . . . . . . . . . . . . .. ... ......... .. . . .....

......

. . . . . . . . . . . . .. . . .. .....

............. ... ....

.......

. . . . . . . . . . . . . .. . . .. .. ....

.............

....

.....

...... . . . . . . . . . . . . . . . .. . . .. .. ....

.............

....

............

. . . . . . . . . . . . . . . . .. . . . .. .. ....

............ ... ..... ....... . . . . . . . . . . . . . . . .. . . . .. .. ....

........... ... ........... ..... . . . . . . . . . . . . . .. . . . . .. . . .

........

.......

..............

.......... . . . . . . . . . . . . ... . . . . . . . . . .

. .......

.......

............

............. .

. . . . . . . . . . . ... . . . . . . . . . .

. . ......

.......

.......... ... ....... .. . . .

. . . . . . . . . . ... . . . . . . . . . .

. . .......

...... ........... . .....

.... . . . . . . . . . . . . . ... . . . . . . . . . ........

..... ........ .. .. ........

. . . . . . . . . . . . . . . . . . . . .

. . . ......... ... .....

... .. . . . . . . . . . . . . . . ... . . . . . . . . . ............

........ . ... ........... . . . . . . . . . . . . . ... . . . . . . . . .

. . ............

....... .. .. ....... .... .

. . . . . . . . . . . ... . . . . . . . . . . .

. . . ............... . ....

... ........ . . . . . . . . . . . . ... . . . . . . . . . . . .

... ......... .. .. ..... ....... . . . . . . . . . . . . ... . . . . . . . . . . . . ............... . ................. . . . . . . . . . . . . . . . . . . . . . . . .................. . ................. . . . . . . . . . . . . .. . . . . . . . . . . ................... .. ..............

... . . . . . . . . . . . . .. . . . . . . . . . ................. .. ........

........ . . . . . . . . . . . . . . . . . . . . . . ..............

..............

.... . . . . . . . . . . . .. . . . . . . . . .

. .......... ... ....... .....

..... . . . . . . . . . . . . . . . . . . .............. ... ... ....

....

.... . . . . . . . . . . . . . . ..

. . . . . . .

.....

....

....

.. . . . . . . . . . . . . . . . ..

. . . . . . . .. ... ... ... ... .

. . . . . . . . . . . . . . ...

. . . .. .. ... ... . . . . . . . . . . . . . . . . .. . . . . . . . ...

................. . .. ... . . .

. . . . . . . . . . . . . . . .. . . . . . . . ...

... ............. . . .. .. .. .. . . . . . . . . . . . . . . . . . . . ..

. . . . . . . . .

..... .......... .. . . . .. .. .. . . . . . . . . . . . . . . . . . . . . ..

. . . . . . . . .

.................

.... ... . . . . . . . . . . . .

. . . ... . . . . . . . ....... . ..

..... ... .. .. .. .. . . . . . .

. . .

. . . . . . . . . .

..........

...... .... ... .. .. . . . . .

. . ...

. . . . . . . . . . . ..

.......... ... .... .. .. .. .. . . .

. ... . . . . . . . . . . . . . .

......

..... ... ... .. .. . . .

. ....

. . . . . . . . . . . . . . .

....

.... . . .. ..

.

. ...

. . . . . . . . . . . . . . . . . . ..

. ...

.

. . . . . . . . . . .

. . ..

. . . . . . . .

. ..

. .

. ..

.

... . .. . . .. . . . . . .

physicists.

(1986).

Patterns, 1980.

Computer Graphics

Sv.

54,

(May

Springer-Verlag, 1981.

Computer Graphics,

Proc.

Proc.

tion.

Surfaces.

Geometry

343-349.