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Phong’s illumination model and surface rendering

After 3D object segmentation, one can simulate the
visualization of 3D objects in the scene from any viewing
point.

We will assume that the observer is distant enough and
behind the viewing plane such that the rendition technique,
called surface rendering, is obtained by orthogonal projection.

Surface rendering usually adopts the Phong’s illumination
model and, to avoid undesirable shadows, we will assume a
single light source at the same position of the observer.

This lecture covers the surface rendering algorithm used to
obtain color renditions Ĵ = (DJ , J).
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Phong’s illumination model and surface rendering

For each pixel p ∈ DJ , the algorithm applies a viewing
transformation followed by ray casting.

Assuming that the objects are opaques in a label scene L̂ = (DI , L)
from image segmentation, each ray will stop at a first voxel
p′ = (dxp′e, dyp′e, dzp′e) ∈ DI , such that L(p′) 6= 0 is an object
label in {1, 2, . . . , c}. The Phong’s model then computes the
reflected color J(p)← c(p′) at the surface point p′ = (xp′ , yp′ , zp′).
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Phong’s illumination model and surface rendering

In addition to the transformations φ−1r = Rx(−α)Ry (−β),

φ−1 = T(xc , yc , zc)φ−1r T(
−d
2
,
−d
2
,
−d
2

),

and the scene’s face set F , with normal f .n and center f .c for
each face f ∈ F , the graphical context must include

the color reflectance o.r = (o.R, o.G , o.B) of each object o in
the RGB color space, and

the parameters of the Phong’s model.

Another information that can be stored in the graphical
context is the normal vector at the surface points of each
object.
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Phong’s illumination model

The light reflected towards the observer results from the
combination of uniform ambient light reflection with the diffuse
and specular reflections at each visible surface point.

Recall that we have simplified this model by considering observer
and light source at the same position, as follows.
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Phong’s illumination model

r(p′) = kara + rd(p′) (kd cos (θ) + ks cosns (2θ)) ,

where ka + kd + ks = 1 are ambient, diffuse, and specular
constants, ns depends on the material, rd(p′) is a depth shading at
p′, and θ is the angle between −n′ = −φ−1r (n) and the normal
vector o.n(p′) at the surface point p′.

(a) (b) (c) (d) (e)

(a) r(p′), (b) kara, (c) rd(p′), (d) rd(p′)kd cos (θ), and (e)

rd(p′)ks cosns (2θ).
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Implementation issues

A reasonable parameter choice is ka = 0.1, ks = 0.2,
kd = 0.7, ns = 5, and ra = H (the maximum intensity value).

The reflected light r(p′) is computed only when 0 ≤ θ < π
2 .

The specular component is computed only when 0 ≤ θ < π
4 .
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Implementation issues

The depth shading is rd(p′) = H(1.0− ‖p
′−p0‖−dmin

(dmax−dmin)
), where

p0 = φ−1(p), and dmin and dmax are the minimum and
maximum distances between boundary voxels and the center
of the viewing plane after transformation.

Techniques to estimate the normal vector o.n(p′) at each
surface point p′ of an object o will be covered in the next
lecture.

The assigned color J(p)← c(p′) = r(p′)× o.r, where
o.r = (o.R, o.G , o.B) is the color reflectance of object o.
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Surface rendering algorithm

Input : L̂ = (DI , L), and angles α and β.
Output: Ĵ = (DJ , J).

1 n′ ← φ−1r (n), where n = (0, 0, 1, 0).

2 For each p ∈ DJ do

3 p0 ← φ−1(p).

4 Find P = {p1, pn} by solving 〈p0 + λn′ − f .c , f .n〉 = 0

for each face f ∈ F of the scene, whenever they exist.

5 if P 6= ∅ then

6 p′ ← FindSurfacePoint(L̂,P).

7 if p′ 6= nil then J(p)← c(p′) by Phong’s model.
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Algorithm to find a surface point p′

Input : L̂ = (DI , L) and P = {p1, pn}.
Output: Point p′ or nil for no intersection.

1 If p1 = pn then set n← 1.

2 Else

3 Set Dx ← xpn − xp1 , Dy ← ypn − yp1 , Dz ← zpn − zp1 .

4 If |Dx | ≥ |Dy | and |Dx | ≥ |Dz | then

5 Set n← |Dx |+ 1, dx ← sign(Dx), dy ← dxDy

Dx
, and

dz ← dxDz
Dx

.

6 Else

7 If |Dy | ≥ |Dx | and |Dy | ≥ |Dz | then
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Algorithm to find a surface point p′

8 Set n← |Dy |+ 1, dy ← sign(Dy ), dx ← dyDx

Dy
, and

dz ← dyDz

Dy
.

9 Else

10 Set n← |Dz |+ 1, dz ← sign(Dz), dx ← dzDx
Dz

, and

dy ← dzDy

Dz
.

11 Set p′ = (dxp′e, dyp′e, dzp′e)← (xp1 , yp1 , zp1).

12 If L(p′) 6= 0, then return p′ ← (x ′p, y
′
p, z
′
p).

13 For each k = 2 to n, do

14 p′ = (dxp′e, dyp′e, dzp′e)← (xp′ , yp′ , zp′) + (dx , dy , dz)

15 If L(p′) 6= 0, then

return p′ ← (x ′p, y
′
p, z
′
p).

16 return p′ ← nil .
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An additional implementation issue

If you have pre-stored the normal vectors for boundary voxels
only and do not want to miss the boundary during ray casting
(avoid holes in the rendition), voxel p′ can be detected as the
closest to that boundary.

This requires to replace Lines 12 and 15 by

For each q ∈ A1(p′), do
If L(q) 6= 0, then

return p′.
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