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Goals
• Antialiasing
• Depth of Field
• Triangle meshes

– Ray - triangle intersection (pyramid)
– Mesh reader (.obj)
– Smooth normal interpolation

• Acceleration structure: kd-tree
• Advanced Reflectance Model (Ward)
• Soft shadows
• Perlin noise



Antialiasing

• Smooth sharp edges
• Shoot more than 1 ray per pixel and average the color sum

• Stochastic supersampling
– Shoot random rays to one pixel



Antialiasing results

20 rays



Depth of Field

• Objects at a certain distance appear focused and sharp.
• Farther away, they become blurry.
• Shoot several rays, each starting from one camera position 

within a certain aperture, and average the color sum.



Depth of field results

Exaggeration
(too much aperture)



Depth of field results

Blurry

Blurry

Sharp

20 rays



Antialiasing + DOF



Meshes

• Object countour approximated with triangles.

Ray triangle intersection

1. Intersect with plane
2. Check if intersection point is inside

triangle (barycentric coordinates)



Ray triangle intersection



Mesh reader



Mesh Reader

# cube.obj
#

g cube

v  0.0  0.0  0.0
v  0.0  0.0  1.0
v  0.0  1.0  0.0
v  0.0  1.0  1.0
v  1.0  0.0  0.0
v  1.0  0.0  1.0
v  1.0  1.0  0.0
v  1.0  1.0  1.0

vn 0.0  0.0  1.0
vn 0.0  0.0 -1.0
vn 0.0  1.0  0.0
vn 0.0 -1.0  0.0
vn 1.0  0.0  0.0
vn -1.0  0.0  0.0

f  1//2  7//2  5//2
f  1//2  3//2  7//2
f  1//6  4//6  3//6
f  1//6  2//6  4//6
f  3//3  8//3  7//3
f  3//3  4//3  8//3
f  5//5  7//5  8//5
f  5//5  8//5  6//5
f  1//4  5//4  6//4
f  1//4  6//4  2//4
f  2//1  6//1  8//1
f  2//1  8//1  4//1



Cube with smooth normal 
interpolation



Acceleration structures: Kd-trees

1. When creating a 
mesh, store 
triangles using a 
Kd-tree.

2. Use midpoint as 
heuristic.

3. To find ray
intersections, 
traverse the tree
until the appropiate
leaf is found and 
compute the
intersection for
each triangle in the
leaf.



Threads

• Pragma (OpenMP)
– One line
– Automatically selects optimal number of

threads
– Each thread computer the color of a certain

number of pixels.



Results

• Assignment images 
– Originally: 10 seconds
– Now: 0 seconds

• >4000 triangles
– 1/5 of the original time



Advanced Reflectance Model: Ward

• Applies to specular component
• Diffuse, ambient components don’t change
• Controlled by 2 parameters: alpha_x and 

alpha_y



Ward model (blue ceramic)

Ward Phong



Soft shadows

• Area Light
• Blurry borders, different shades of gray
• [0, 1] instead of {0, 1}



Results: too few samples



Nice results



Perlin Noise

• Create textures from the topology itself
instead of from an external source.

• Generate noise in a semi-random way.
• Use the noise to create more advanced

patterns.



Implementation



Perlin Noise results

Spotted Marble Sky with clouds



Some experiments



Final image



Thank you!


