
Subdivision Surfaces (Loop Subdivision) Final Project EXPECTATIONS, 
GUIDE, AND HINTS by Dylan Rowe 
 
In this choice for the final project, you’ll be implementing Loop subdivision, a surface 
subdivision method named after its creator, Charles Loop.  While you can choose to implement 
it in the way that makes the most sense to you, there are some ideas below that will likely help 
with some common confusions/complications along the way. 

 
 
The Basics 
To understand the basic idea behind Loop subdivision, we recommend looking at the 11/5 
slides on surfaces; however, we include a brief summary here. 
 
In Loop subdivision, we desire to subdivide a triangle mesh in a way that changes both the 
topology (connectivity) and geometry of the mesh, causing it to appear smoother.  Topology-
wise, each triangle is split into 4 subtriangles as below: 

 
Geometrically, we assign new weights to both the new vertices (which are created along old 
edges), and the old vertices.  These weights may not be directly intuitive, and the mathematics 
for deriving them is beyond the scope of this class, but rest assured that they are based in 
reason:  

 

https://cseweb.ucsd.edu/~alchern/teaching/cse167_fa21/6-3Surfaces.pdf
https://cseweb.ucsd.edu/~alchern/teaching/cse167_fa21/6-3Surfaces.pdf


 
This is the basic idea behind Loop subdivision: we create new vertices, faces, and edges, and 
then assign new weights to every vertex using some update rule.  In your final project report, 
you should show images of both a simple icosahedron mesh at 0, 1, and 2 iterations of Loop 
subdivision, and some other triangle mesh of your choice at 0, 1, and 2 iterations of Loop 
subdivision.  Below, we give some hints that will help you implement this in a cleaner way. 
 
Bonus/Extra Credit 
While bonus points/extra credit will generally be assigned for excellent exposition and 
demonstration as in the other projects, one idea to increase your chance for bonus points is to 
adapt your viewer to have a nice user interface, for example an interface that allows a user to 
split/flip edges by clicking them (this will likely help you debug your implementation as well, but 
isn’t necessary).  Another idea is to implement another standard type of subdivision beyond 
Loop subdivision, e.g. Catmull-Clark subdivision. 
 
Hints: 

• We recommend beginning from your code submitted in Homework 2.  While this code 
doesn’t have lighting, it gives a simple mesh viewing framework that will allow you to 
examine and display meshes you operate on. 

• The Halfedge mesh is a data structure that is crucial to playing with mesh topology and 
geometry.  It reduces traversing meshes and describing local operations on their 
elements to simple pointer following.  A description of the basic halfedge mesh data 
structure is provided in the slides on surfaces mentioned above, but below we also 
recommend some extensions of this structure that make Loop subdivision easier. 

• It will likely be helpful to calculate the positions of the new and old vertices before you 
update the topology of the mesh.  In general, this will allow you to use the old mesh 
topology to calculate the necessary quantities before your mesh gets more complicated 
to traverse.  Thus, the order you’d perform the updates after following this hint is: (1) 
Calculate new vertex positions (2) Update the topology of the mesh (3) Assign each 
vertex its new position which was calculated in step 1. 

• We recommend implementing the following two mesh operations (images courtesy of 
CS 184/284 at Berkeley), as they will make it much easier to create the necessary mesh.  
When designing these, it is best to draw out the operation on paper, giving each Point, 
Edge, Face, and Halfedge its own variable name.  Then, note how every pointer changes, 
and implement this in code.  It is very difficult to debug this kind of thing, so please be 
careful, and if something is wrong after implementation, return to your drawings and 
make sure every pointer is correct. 

o Flip, which takes in an edge pointer and “flips” it in the mesh: 

 



 
o and Split, which takes an edge pointer and “splits” it in the mesh: 

 
 

• After implementing these two operations, we can create the new topology quickly, by 
splitting every edge, and then flipping every edge that connects a new and old vertex: 

 
Naively iterating through the edges in the mesh will likely lead to ruin here, since you 
will run into an infinite loop if the edges you generate from splitting are also inserted 
into the std::vector you’re iterating over, so you will likely need to think of a better way 
to do this. 

• In addition to Points, Faces, and Halfedges, it may be convenient to hold another class of 
object called Edges.  Each Edge holds a pointer to one of its Halfedges, and each 
Halfedge holds a pointer to its parent Edge; this will allow you to manage the new 
points along old edges in a simpler and more compact way.  The mesh class will also 
hold an std::vector containing all edges in the mesh. 

• In addition to adding the Edge class, it may be beneficial to give both is_new (which says 
if an element is new or old) and new_pos (which gives the new position of either the old 
vertex or new vertex along an edge) variables to both Edges and Points; this way, you 
can keep track of whether a Point is new or old, as well as hold the new position of a 
vertex you’re inserting on some edge. 

• While it may be useful to calculate the new positions first in the program, it will 
probably be easier to debug if you implement the new topology calculations first. 

• If you wish to insert new .obj files into your program, be sure that they are triangle 
meshes without boundary edges.  If you do not deal with boundary edges in your 
implementation, edge flips and splits will likely lead to errors; additionally, if there are 
quadrilaterals in your mesh, Loop subdivision will not know how to deal with them.  
There are many different ways to convert general polygon meshes into triangle meshes 
using standard free mesh editing programs; we recommend looking for tutorials online. 


