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Week 4 Announcements

● Homework 2 will be released Wednesday evening

● Homework 1 is due tomorrow night.



Graphics Pipeline



Graphics Pipeline

1. Vertex Processing: operations on geometry.

a. Transformations to screen space.

2. Rasterization.

a. Lines, triangles.

3. Fragment Processing: operations on pixels (fragments).

a. Hidden surface removal.

b. Per-fragment shading.



Blinn-Phong Reflection Model



Blinn-Phong Reflection Model

● Not physically-based.

● A material has four parameters: ka, kd, ks, p (shininess).

Blinn-Phong 
Reflection
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● Viewing direction, v, is in the 

direction of the viewer.

● Calculate half-vector, h:

● Calculate specular shading:



Phong Shading vs. Gouraud Shading

● Interpolate vertex normals per pixel →

● Compute light per pixel.

● Slow.

● Compute light per vertex →

● Interpolate vertex colors per pixel.

● Fast.



Blinn-Phong Reflection Model

● By default, Gouraud shading.

● Efficient!



A Pop Quiz.

Is Blinn-Phong shading with Gouraud shading part of 

Vertex Processing or Fragment Processing? 



A Pop Quiz.

Is Blinn-Phong shading with Gouraud shading part of 

Vertex Processing or Fragment Processing? 

It’s part of both!

● Vertex Processing: compute light per vertex.

● Fragment Processing: interpolate vertex colors to set 

pixel value.



Hidden Surface Removal



Hidden Surface Removal

● Problem: primitives may overlap → screen 

should only display what is visible from 

the front.
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Hidden Surface Removal

● Problem: primitives may overlap → screen 

should only display what is visible from 

the front.

● Solution: track the depth (z-value) of 

fragments → 

during fragment blending, pixel takes on 

value of closest fragment.















Infinity! 



Cubic Hermite Interpolation



Cubic Hermite Interpolation

Interpolation: combines discrete points (explicit geometry) into a shape.

Why Cubic Hermite interpolation?

● We want something that’s continuous (unlike nearest neighbor 

interpolation) and has a continuous derivative (unlike linear 

interpolation)



Cubic Hermite Interpolation

Input: the values (P) & derivatives (P’) at selected endpoints

Output: a cubic polynomial that interpolates between them

Solution: a weighted sum of Hermite basis functions



Hermite Basis Functions
can simply plug 
in constraints!



Math Deepdive: Derivation



Catmull Rom Interpolation



Catmull Rom Interpolation

Input: sequence of points

1. Calculate the slopes between alternating points

2. Use Hermite interpolation

Output: spline with C1 continuity

Procedure: make slope using previous and after values, 
then use Hermite Interpolation.



Splicing curves together

Ends of segments 
meet

Ends of segments meet Ends of segments meet

Equal tangent vectors 
for both segments

Equal tangent vectors 
for both segments

Same second derivative 
at point



https://threejs.org/docs/#api/en/extras/curves/SplineCurve

Catmull Rom can be used to make nice camera trajectories!

(1) The keyframes we want the camera path to follow.

(3) The final render!

Here’s an example with Nerfstudio.

(2) The code making this possible!

https://threejs.org/docs/#api/en/extras/curves/SplineCurve


Math Deepdive: Derivation
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Bezier Curves



Cubic Bezier Take 1: Hermite interpolation

Hermite: Specify derivatives directly Cubic Bezier: Specify via control points



(Brief aside) de Casteljau’s algorithm

Example: Three points for quadratic Bezier curves
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(Brief aside) de Casteljau’s algorithm

Example: Three points for quadratic Bezier curves



Cubic Bezier Take 2: de Casteljau’s algorithm



Splicing curves together

Ends of segments 
meet

Ends of segments meet Ends of segments meet

Equal tangent vectors 
for both segments

Equal tangent vectors 
for both segments

Same second derivative 
at point



Piecewise Bezier curves demo

https://math.hws.edu/eck/cs424/notes2013/canvas/bezier.html 

https://math.hws.edu/eck/cs424/notes2013/canvas/bezier.html


Let’s Take Attendance.

● Be sure to select Week 4 and input your TA’s secret word 😉
● Any feedback? Let us know! 


