CS148 Homework 4 - Lighting & Shading

Grading on Monday, Oct 19 — see the pinned posts on Ed for details!

0.1 Assignment Outline

This assignment has separate TODO s of varying lengths. The TODOs are covered within the
first few pages of the document. The rest of the handout consists of instructional materials.

As a break from last week’s coding heavy assignment, this assignment will be all done in the
Blender GUI. Some parts are quite open ended on what you can submit for credit. Both the process
of creating materials for objects and the process of camera placement and lighting for a scene lead
to a lot of artistic freedom! We encourage you to get creative with what you make!

0.2 Collaboration Policy

These policies are the same as they were in HW2. See the HW2 document for details.

0.3 AI Policy

You may use Al tools to generate HDRI images or geometry to place in your scenes for this HW.
However, you may not use them to generate anything else, especially your rendered images. All
rendered images must be the final ray traced result from Blender Cycles.

Quiz Questions (1 pt)

You will be randomly asked one of these questions during the grading session:

e How does the distance between a light and an object as well as the tilt angle between
the two affect the irradiance on the surface of the object? How does the concept of a
tilt angle also come up for the radiance of (area) lights?

e What causes color bleeding in real life? Give a high level description of what we would
need to do with our objects in a scene to model color bleeding

e Conceptually, what is a BRDF? How are BRDFs involved in the lighting equation?
For instance, if the incoming radiance is white light, and the BRDF involved models a
blue material object, what might you expect for the color of the outgoing radiance?

e What is the difference between the way we compute Gouraud shading vs the way we
compute Phong shading? Which one of these shading techniques produces a more
realistic looking effect, and at what cost?

e Explain the ambient, diffuse and specular components of the Phong Reflection Model.
What does each component model visually for the shading of an object?




1 Assignment

1.1 Blender Cycles

This week, we will explore lighting and shading using Blender’s built-in, ray tracing render engine:
Cycles. Cycles implements all that you coded up in the last assignment and much more (including
color bleeding). It provides most of the features and power of modern ray tracing under the hood,
allowing the average user to utilize it all without needing any programming experience.

Turning on the Blender ray tracer is incredibly simple. Whenever this HW prompts you
to turn on Cycles, simply go to Render Properties in the Properties Editor and change the

Render Engine to Cycles :

Figure 1: Cycles is Blender’s ray tracer. By default, Blender has the render samples for Cycles
set to some large number. You may want to change it to a much lower number, e.g. 4, to make the
render faster (for now as you play around with it).

Figure 2: The bigger, red box shows how to toggle to camera view in the Blender Viewport. Above
it is the Viewport toolbar, which has the button for toggling the render preview on the far right.


https://docs.blender.org/manual/en/4.5/render/cycles/introduction.html

You can preview the render with the right-most button in the Viewport toolbar above the camera
view toggle. Note that Blender may start running very slowly if you try to make scene edits while
previewing the Cycles (ray traced) render. Ray tracing isn’t well suited for real time rendering!
Toggle back to wireframe or solid view (the left-most buttons) in the Viewport toolbar for smoother
real time editing.

For now, as you experiment within Cycles, you may want to change the default Max Samples
under the Render settings to a much lower number, e.g. 4 in Figure 1. We’ll talk about sampling
later in the class, but for now, know that the max samples is basically how many times Blender
will repeat the render for better results. Too high of a number will cause your render to take an
incredibly long time.

To render your scene as an image, you can go to Render near File , then click Render Image ,

or press the F12 hotkey. When the Blender Render window finishes, save the result under Image

to a directory, e.g. $CS148 DIR/hw4 /imgs/ . The following sections will have you set up various
scenes to try rendering with Cycles.

1.2 TODO 1: Render a sphere with both flat and smooth shading.

In lecture, we talked about shading techniques to make geometry appear smoother without actually
adding more triangles. More specifically, we talked about Phong shading. In Blender, we can toggle
Phong shading for objects in the Blender Viewport and also for rendering with Cycles. Let’s take
a look at Phong (aka smooth) shading in Blender with an example scene.

1. Make a new Blender scene and replace the default cube with a UV sphere.

2. Add a plane and scale it by 5 in both the x and y directions. Then move it along the z-axis
by -1.

3. Change your Render engine to Cycles, and toggle to the render preview.

4. The scene setup should look like the one in Figure 3. Select the UV sphere by clicking it,
then right-click to choose between Shade Flat and Shade Smooth . You can also find these
options under the Object menu in Object Mode after selecting the sphere.

Figure 3: Left: Scene setup for this section. Right: Shading options.

Show us: (0.5 pt) Two rendered images: one of the spheres rendered with flat shading,
and another of the spheres rendered with smooth shading.




1.3 TODO 2: Modify shader nodes for better looking materials.

We'll work with shader nodes here to get a more intuitive idea of the di erence between di use
color and specular color, as was discussed when we covered the lighting model (aka the Phong
re ection model) in class. See the instructional materials for more details about shader nodes.

1. Open this example le to see a layout similar to below. The render engine for this le is
already set for you to Cycles. Toggle on the render preview to see how the objects look when
rendered with their respective shader nodes.

2. Think about how a balloon look likes in real life. Click on the balloon object to see its shader
node graph below. Play around and edit any of the di use, specular (aka \glossy"), and/or
mix shader nodes until the balloon looks like a real life balloon when rendered in Cycles.

3. Similarly, think about how pillows with fabric covers look like in real life. Click on the pillow
objects to see their shade node graphs below. Edit their shader nodes until the pillow covers
look like fabric.

4. When you're happy with how your balloon and pillows look, render the scene as an image
and save it for grading. Also save this .blend le under a di erent name, since you may want
to edit it in the next TODO.



https://web.stanford.edu/class/cs148/hws/hw4/materials_example.blend

1.4 TODO 3: Create a material of your own using shader nodes.

For this section, we want you to take a photo or nd a reference image of an object that
you might want to include in your nal project. Then, either model a rough start to that object
yourself or nd a similar model of that object online, and create a material for it that looks close
to the real material in the reference photo or image.

1. You'll probably nd it convenient to work with the .blend le from  TODO 2, since it already
has a nice window layout to see both the viewport and the node editor. Delete all the objects
in the le (except for the camera and the light) by selecting them all and pressing Delete
or x on your keyboard. Alternatively, you can make a new Blender le from scratch if you
prefer and set up the window layout yourself { just remember to turn the render engine to
Cycles as well.

2. Create or import the object of your choosing into your Blender le. Then, go to its
Material Properties panel indicated by the small red box below and add a new material
to start editing. After adding a material, you should see a shader node graph in the shader
editor.

Some objects might already have their own default materials if you downloaded them from
online or are using some of Blender's default objects as a base. You can use the existing
materials as places to start, but ultimately, we want you to end with a material that

you've su ciently edited enough to call your own.

3. By default when you add a new material, Blender assigns objects the Principled BSDF shader.
Try swapping this shader to other shaders such as the Di use BSDF and Glossy BSDF, and
try adding more nodes such as the Mix Shader. You can even try the more exotic shader
nodes like those for glass and hairl Experiment as much as you want until you're satis ed
with how your objects look when rendered with your materials in Cycles!
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