CS148 Homework 2 - Triangles & Transformations

Grading on Monday, Oct 5 — see the pinned posts on Ed for details!

0.1 Assignment Format

This assignment has 3 TODO s of varying lengths, each with their own instructional tutorials. The
TODOs are covered within the first few pages of the document. The rest of the handout consists of
the instructional tutorials. We recommend reading through the TODOs first, then the instructional
tutorials for more context.

You will need to download these source files (NOTE this is a HYPERLINK, and there will be
many hyperlinks throughout the document!) for the homework. Please save and unzip the files in
some course directory $CS148 DIR on your machine.

0.2 Collaboration Policy

You may work with one other partner to create and share the assets and code needed to complete
this HW together. You and your partner may still discuss the class material and ask for feedback
on your creations from friends, peers, and other classmates (both in-person and here on Ed) as long
as it is only you and your partner doing the work in developing the assets and code. DO NOT
post or share your assets or code for this HW publicly on Ed, Github, etc nor give
them to students other than your partner — if you need to share your work with a CA on Ed
to sufficiently ask for help, then make a private post!

If you need to make a private post that includes your code to the course staff, then please DO
NOT post screenshots of your code; INSTEAD, always post code in PLAIN TEXT in
case a CA wants to sanity check it on their own computer!

0.3 AI Policy
You MAY NOT use Al tools to generate anything for this HW!

0.4 Office Hours

Office Hours are posted on Canvas. There is a mix of both in-person and online office hours.

For in-person office hours, you simply just need to show up to the location listed on Canvas at
the scheduled time. The CA(s) for those office hours will give further instruction at the location.

For online office hours, enter the Zoom call listed on the Canvas calendar within the scheduled
time. You'll likely be placed in a waiting room within the Zoom call, and the CA(s) will pull you
into the main session when it is your turn. They’ll be keeping track of students in first come first
serve order.

Note that the Zoom calls for online office hours are not the same as the Zoom call used for the
grading sessions! Please check the links thoroughly!


https://web.stanford.edu/class/cs148/hws/hw2/hw2_files.zip
https://web.stanford.edu/class/cs148/hws/hw2/hw2_files.zip

Quiz Questions (1 pt)

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

e What is the purpose of the aperture of a camera? How does a camera with aperture
differ from a pinhole camera? Which type of camera do we use to model the virtual
world camera?

e For which of the three geometric transformations — translation, rotation, and scaling
— do we need homogeneous coordinates in order to represent it as a matrix operation?
How do we apply homogeneous coordinates to composite multiple transformations (of
any of the three types) into 1 matrix operation?

e What are two reasons for why we often use triangle meshes to model our objects over
other polygonal meshes? Can you elaborate on one of these reasons?

e Why does the order in which we specify the vertices of triangle face matter when it
comes to rendering? By convention, for which orientation of the vertices do we NOT
render the triangle? And how do we deal with rendering overlapping triangles?

e How does barycentric interpolation for triangles compare to linear interpolation for
lines? Conceptually, describe the area weighting for barycentric interpolation. (We
want a high-level answer, not a reading of any equations!)

1 Assignment

1.1 TODO 1: Write an .obj file for a cube and import it into Blender.

In order to get an intuitive understanding of .obj files, you’ll start by writing your own from scratch.
For this, you’ll place the vertices and specify which of those vertices are connected by faces.

1. Open the starter file $CS148 DIR/HW2/myCube.obj in any TEXT EDITOR you prefer
(like Notepad++, TextEdit, Sublime Text, etc).

2. Fill the file with all the necessary vertex and face lines to describe a cube with side length 1
and a vertex located at the origin (0, 0, 0). There are some example lines already in the .obj
file — feel free to delete these as you see fit.

3. Open up a new scene in Blender and delete the default cube. Import your own cube .obj file
and check to see that your cube has all its vertices and faces.

1.2 TODO 2: Appropriately apply geometric transforms to an object.

In this section, you will be applying the concept of geometric transformations (e.g. translating,
rotating, and scaling points in a coordinate space) as discussed in lecture. To see how these
transformations interact, you will apply them to a simple cone in alternating orders.



. Open up the starter le $CS148 DIR/HW2/myTransformations.blend . It should automat-
ically open to the scripting tab with starter code already provided.

. Complete the functions to return a correct translation matrix given a translation amount and
axis to translate on, and a correct rotation matrix given a rotation in degrees and axis to
rotate around.

. Uncomment the lines of code at the end to produce all four of the following sets of transfor-
mations to the four cones:

(a) rotate a cone about the x-axis by 45 deg, then rotate about the y-axis by 45 deg.
(b) rotate a cone about the y-axis by 45 deg, then rotate about the x-axis by 45 deg.
(c) translate a cone along the x-axis by 10 units, then rotate about the y-axis by 45 deg.
(d) rotate a cone about the y-axis by 45 deg, then translate along the x-axis by 10 units.

. NEXT, in a di erent instance of Blender, create a new scene, delete the default cube,
and instead add four cones Add ! Mesh ! Cone (or Add ! Cone depending on version).
Apply each of the above 4 pairs of transformations to a new cone using the Blender hotkeys
for translation and rotation to recreate the nal scene from Part 3.

Tip: Use print statements as well as the Blender vertex view shown below to track the tip of
the cone. The tip starts at (0,0,1), and you can manually compute where it should end up
after each transformation process to sanity check your results. Make sure that you are also
rotating around the global axes in the GUI! You should NOT be getting the same results
for two di erent orders of transformations.




1.3 TODO 3: Model a unique piece of geometry in Blender.

Figure 2: Creating a face in Sculpt Mode
Figure 1. Extruding a cube in
Edit Mode

For this part of the assignment, we want you to experiment with all the modeling tools that Blender
has to o er. This document includes various tutorials on the matter in the later pages that you
can reference. You don't have to try all of them { we just want you to pick 1 or 2 of the methods
that you see and think might be fun for you, and try it out by making your own unique piece of
geometry.

This part of the homework is extremely open ended. We want you to try modeling an object
you're interested in, whether it'd be something in real life or from a CGI movie, etc. This is a great
place to start thinking about what objects you want for your nal project, and what tools you will
like the most to make them. Here are some common ways of editing geometry (you can choose to
do 1, or a combination of them):

~ Create a basic shape and then go into Edit Mode to move and add vertices, edges, and faces.
If you like engineering, this might be for you, since you'll be placing new points, connecting
them, and deciding where to move and manipulate faces. This can feel similar to a CAD tool.

" Create a basic shape and then go into Sculpt Mode to push and pull the mesh around, as if it's
clay. If you like drawing/sculpting, this might be for you, since the mesh will automatically
move to match your strokes.

" Create a basic shape and manipulate it with Geometry Nodes. If you like coding or math,
this might be for you since you will can use a series of node components like code commands
to change the shape and create something procedural.

We encourage people to try something that seems fun but is out of their comfort zone, because
the best way to make things in Blender is through not just specializing in one of these techniques,
but a combination of them. Getting comfortable with them all eventually will bene t you in the
long run, especially as you work towards your nal project.




As a motivating example, the caterpillar in this image from the Fall 22 showcase by Kate Eselius
and Jamie Ullman was modeled entirely with a combination of basic spheres and toriil As this
is the rst assignment, you of course are not expected to assemble a model this complex so early.

But we'd like to see you take some rst steps in assembling something that may become even more
complex down later in the quarter.




2 Starting Blender from the Command Line (for Debugging Scripts!)

When doing any sort of heavy-duty Python development in Blender, we want to launch Blender
from the command line. Daing sc will let Blender output any bugs or any information you explicitly
print via the Python print() function to the command line.

" Windows: Press the Windows + R keys on your keyboard to open the \Run" box. Type
cmd and hit enter to open the command prompt.

cd to the Blender installation directory. The default location is
C:nProgram FilesnBlender FoundationnBlender X.YZ where X.YZ is your version number.

In the Blender installation directory, type blender.exe to launch Blender. The following
image shows the above steps in action launching a past version of Blender.

~ Mac: Please refer to the o cial document linked here.
~ Linux: Please refer to the o cial document linked here.

Blender will launch as usual. From there, you can open the .blend les that came with this
homework from the menu bar, i.e. File ! Open. Try adding print() statements to the scripts,

like print("asdfghjkl") . You should see the print out pop up in your command line.



3 The OBJ le format

As discussed in lecture, one of the most commonly used le formats to store graphics data is the
Wavefront .obj format. To get a sense of how the le format works, let's examine an .obj le
rsthand. Open up a new Blender scene, and delete the default cube. Import the sphere.obj

le that came with the homework les ( File ! Import | Wavefront (.obj) and navigate to the

example le, e.g. $CS148 DIR/HW2/sphere.obj ).

The sphere .obj should now appear as a mesh in the Blender GUI. Select the sphere, and enter
Edit Mode . You should see an assortment of vertices and faces along
the surface of the sphere. To look at the .obj le at an even lower level,
open up the sphere example le in your favorite text editing program
(e.g. Notepad++, TextEdit, Sublime Text, etc). Scrolling through the
le, you may notice the following le structure:

vxlylzl
Vv X2 y2 z2
v X3 y3 z3

vV Xm ym zm
f faceOv1 faceOv2 faceOv3
f facelvl facelv2 facelv3
f face2vl face2v2 face2v3

f facenvl facenv2 facenv3

This is an example of the most basic form of the .obj format, which contains a list of vertices and
a list of triangular faces that together specify the geometry of a 3D object mesh. The coordinate
space in which the vertices are speci ed is the object space of the object as discussed in lecture.

The lines that begin with a v contain vertex data, while the lines that begin with a f contain
face data. Each \vertex line" starts with a v and follows the v with three oating point numbers:
the x, y, and z coordinates (in that order) of a vertex in the described 3D model. Each \face line"
starts with a f and follows the f with three integers specifying the three vertices that make up a
triangular face in the 3D model. For example, the following line:

f18 37

speci es a face that is made up of the rst, eighth, and thirty-seventh speci ed vertices in the le.
Note that this means the vertices are 1-indexed; i.e. the rst speci ed vertex in the le is referred
to as the rst vertex, rather than the zeroth vertex. This is simply due to convention.

3.1 More Complex OBJ Files

You may notice while importing the sphere example le in Section 3 that there was also an export
option in Blender. If you try exporting e.g. the default cube as an .obj le and then examining it
in a text editor, then you will see a lot more data in the le than just the vertices and faces.

We will discuss this other data later in the class. But if you're curious, then you might nd this
website a good reference.



4 Transforming Objects in Blender

To transform an object in Blender, you can use the buttons in the left toolbar of the 3D viewport:
Move , Rotate, Scale, and Transform . Selecting an object with one of these buttons enabled
will prompt an orange dot to appear to indicate the object origin, as well as red, green, and blue
lines to show the degrees of freedom in which you can move the object.

The keyboard shortcuts are g (for grab/translate), r (for rotate), and s (for scale). You can
press x, y, or z afterward to lock the transform to a speci ¢ axis. For example, if you press g ,
then x, and then move your mouse, then the object will only translate along the X-axis. You can
also type in numbers after pressing the keys to specify the exact values you want to move, rotate,
or scale. For example, if you pres:g, z, 2, then hit Enter, then the object will translate 2 units
along the Z-axis.

Note: make sure your cursor is in the 3D viewport area when pressing the keys. Blender uses
the cursor location to determine which area you want to send your keystrokes to.

4.1 Local Transformations

You can view and alternatively change the local transform of an object in two other places in
the Blender interface. The rst is the sidebar of the 3D viewport by pressing n. The second is in
the Properties Editor in the bottom right under Object Properties , represented by an orange

square. Under Transform , you should see the local location (translation), rotation, and scale of
the selected object.

REMINDER: Any change: in the Properties Editor are LOCAL to the object's own ccordinate
space While the Properties Editor is often the most corvenient part of the GUI to use for trans-
forming your objects, keeg in mind that it is only for local transformations, NOT GLOBAL trans-
formations.

4.2 Rotating Objects about the Global World Origin

You may notice that if you try to rotate an object using aforementioned tools in Blender, then it
only rotates around its own origin point rather than the world space origin. For instance, if you
translate the default cube e.g. 5 units along x, then try to rotate about z, then the cube ends up
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