A1.5: Rasterizer




e Screen Space Smooth Triangles
e Perspective Correct Interpolation
e Mip Map

e Supersampling
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FLAT SHADED SMOOTH SHADED A1T3: Flat shaded

e Copied vertex attributes of
the first vertex (va)

A1T5: Smooth shaded
e Interpolate the attributes

(like color) using
barycentric coordinates!




Screen Space Smooth Triangles

We need to fill the Fragment struct correctly

o Frag.attributes: The interpolated values (e.g., UVs, Normals)

o Frag.derivatives: How those attributes change w.r.t. x and y screen coordinates

You will need barycentric coordinates constantly, consider making a lambda helper
function for this!

auto compute_barycentric(float x, float y) -> Vec3.
Screen space smooth triangles means standard linear interpolation
attr = alpha * va.attr + beta * vb.attr + gamma * vc.attr

Alpha beta gamma are barycentric coordinates



Computing Derivatives

e Needed for mip mapping and computing level of detail (task 6)
® Represent the rate of change of attributes per screen pixel

d_dx = attr(x+1, y) - attr(x,y)
attr(x, y+1) - attr(x,y)

o

o
<
1l

® Use your barycentric helper!
o Call it for the current pixel (x,y) -> compute attributes = attr_val
o Callit for the neighbor (x+1, y) -> compute attributes = attr_val_dx
o Callit for the other neighbor (x, y+1) -> compute attributes = attr_val_dy

out.derivatives[i].x=attr_val_dx - attr_val



e Screen Space Smooth Triangles
e Perspective Correct Interpolation
e Mip Map

e Supersampling
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Perspective Correct Interpolation

e Naively shading our fragments makes us lose depth information!
® Perspective correct interpolation fixes this

naive interpolation (bad) perspective correct interpolation | z-buffer

“a




Quick Note...

® In lecture you saw perspective correct interpolation defined in terms of:
o P =v/z=interpolated vertex positions
o Z=1/z=inverse depth
o ¢ = barycentric coordinates
e Butin the writeup, you’ll see it in terms of ¢ and ®
o ¢ =variable for different vertex attributes (not just position)
© ® =homogeneous coordinate presented in lecture
o  You calculate barycentric coordinates in the code
® They’re actually the same thing, but represented in different ways!



Pseudocode

Interpolate(P/w)
Final interpolated result: —————
Interpolate(1/w)

interpolate(1/w) = Linear interpolation of each of our vertices’ inv_w with the barycentric coords

interpolate(®P/w) = Same as above, except we also interpolate the vertex’s attribute

Divide them and you have your interpolated attributes!

Note: For derivatives, apply the same logic as before but interpolate neighbors using perspective
math first



Triangle Interpolation Summary

Flat Shading: copy attributes of one of the vertices:

da
a(¢x: ¢y) = a(v,) —=0
dx SMOOTH SHADED FLAT SHADED

Smooth Shading: barycentric interpolate vertices: ‘o

£

a(d’x' ¢y) =a(vy) * ¢y + a(vy) * ¢y +a(vs) = (1 — ¢y — ¢y)

da

a = a(¢x+1r ¢y) - a(d)x' ¢y)

Perspective Correct Shading: barycentric
interpolate vertices with depth:

z(¢x, ¢y) =1/z1 % ¢x+1/23 % ¢y + 1/23 % (1 — P — Py) Object Shading in Unity (2018) LMHPOLY

[M* ¢x+a(21;2)* ¢y+%33)*(1_¢x_¢y)]

a(qb 1) ) — L4 * Remember that the writeup uses
x ¥y z(qu, ¢y) different notation

da

o a(¢x+1' ¢y) — a(dx dy)




e Screen Space Smooth Triangles
e Perspective Correct Interpolation
e Mip Map

e Supersampling
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Textures

® Textures are indexed by u,v
coordinates
e Each vertex stores its own u,v
coordinates that determines
where to sample
o Triangle interpolation is
used to fill in between
to “wrap” a texture

around a mesh § ol =8| e
® u,vcoordinates are il 5805 S0 05 D6 b7 06

normalized, but meshes are 5 ’ @ @ @
not, so textures may appear mEug: sesiam
stretched/compressed T v

, hs 5 06 | A7
undesirably

o If only there was 0<=u,v<=1
something we could
do...
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Why do we need mip maps?

Aliasing Due To Minification Pre-Filtering Texture

Mip maps address minification (aliasing from trying to map many texels onto a small
number of pixels)
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Mip-Map (L. williams ‘s3]

* Rough idea: precompute a prefiltered image at
every possible scale
* The image at depth d is the result of
applying a 2x2 avg filter on the image at 1 4
depth d-1
* The image at depth O is the base
image u
Level 0 =128x128

* Mip-Map generates log,[min(wth, hgt)] + 1
levels
* Each level the width and height gets
halved

* Memory overhead: (1+1/3)x original texture

L X J L . Level 4 = 8x8 Level 5 = 4x4 Level 6 =2x2 Level 7=1x1
L] 1 — — cee T pp; —_—
t+ 4 t 16 t Z 4 =

3

=
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Generate MipMap

You need to fill in the levels vector
o Level O is base image, level 1 is half size, etc.

Downsampling logic
o For every pixel (x,y) in dst, you need to calculate the corresponding UV coordinate
in src
o Map the center of the destination pixel (x + 0.5, y + 0.5) back to the normalized
[0,1] range
o Use sample_bilinear(u,v) to get the average color for that location

Note: Be careful with integer division here! Make sure you are doing floating point
math for the UVs.



Computing MipMap Depth

More formally:

du u
E—fdx_texcoord.x d—:fdy_teXCOOTd-X
dv dv
E—fdx_texcoord-y dy _fdy_texcoord.y

Where dx and dy measure the change in screen space
and du and dv measure the change in texture space

(0 (2
* 7 \dx dx Y \dy dy

L= \[ max (L3 15)

L measures the Euclidean distance of the change. N —
We take the max to get a single number.

[ final level d ]



Trilinear Sampling

Determine the two levels to interpolate between

o d=L0D , du?  dv?

o floor(d) is the higher-res level Lx e e

o ceil(d) is the lower-res level L2 du dv
Make sure to handle boundaries! (lod < 0, lod >= max level) Y ody " dy
Interpolate!

o Sample level d_floor using bilinear L« JmaX(sz, Ly?)

o Sample level d_ceil using bilinear d « log, L

o Linearly interpolate results based on fractional part of lod ,
d « floor(d)
Lev'el CEII'(d) ) Ad = d . dl

7 ty « tex[d']. bilinear(x, y)
-\ * * Bilerp (3 Lerps) ‘ td+l « tex [d, T 1].bill'near(x, y)
_%_“_Le,m ) te (1—AD) oty tAd vty

evel floor(d) pilerp (3 Lerps)
— 5
\ . . -
o




Quick Note...

In the lecture pseudocode, we assume that all the levels of the MipMap are stored
in the same array

o So we make the implicit assumption that L=0 contains our original texture at

index O of the array

But in Scotty3D, our original texture is stored in base

o  So L=0 would refer to the texture stored in base

o andthen L=1,2,... would refer to index L-1 in the rest of the MipMap array
Also, our code uses fdx_texcoord and fdy texcoord to represent the changes in
texture space (recall that uv coordinates are in [0,1]*2). Think about how you would
want to use wh to get the actual amount of change in the texture image.



e Screen Space Smooth Triangles
e Perspective Correct Interpolation
e Mip Map

e Supersampling

15-362/662 | Computer Graphics Recitation 03 | Rasterizer



Supersampling

Ugly artifacting (Moire) Slightly better... Much better

[ 1x1spp ] [ 4x4spp ] [ 32x32spp ]

Is there a way to “soften” the edges to
reduce artifacting?



How is this used today?

- DLSS, TAA, etc. Minecraft! (Win10 version)

FPS

=
DLSS OFF

* AW
T B,

,{\

|
NVIDIA. REDEMFTION




Supersampling

Rough idea:
e How do we split up a pixel?
o Nextslide 1
e How do we figure out what the new
color is?
o Averages with weights!

(0.35,0.7,0.4)
o

9 (0-6,0.6,0.25)

> ° (0.7,0/.4,0.1)

. .....X (0.3,0.3,0.25)
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How do we know what to sample?

Resampling
. J e : . + * J . B .
of o° . o o P .
* - *
. .0 . . ”’ . . 2 .l 2
. g . .
2 ol B * s O <— Way too hard,
sle |, . of oo || *] . : implement for
. . = . extra credit
W | A . b [ o l® K3
[Random ] [ Jittered ]

[ N Rooks ]
Many different ways to take n samples.

In Scotty3D, we will provide a vector of sample offsets (dx, dy) and
weights w per pixel. Render each sample and perform weighted blending:

n
image(x,y) = z shade(x + dx; — 0.5,y + dy; — 0.5) *w;
i=0
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Impacts

But... our rasterizers were built with only one sample in mind!
e No need to change functions directly, what can we do differently with
the ones we currently have?
® Hint: loops
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