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THE PROBLEM

With every n-dimensional cube, there is a
graph that is associated with it, a Hasse Diagram.
Different levels of the Hasse graph represent how
many vertices there are in the cube, how many
edges, how many faces, and so on. From these
graphs we can determine a set of polynomials
such as:

28− 62t+ 48t2 − 14t3 − t4

Where the power of t represents the dimension:
The coefficient in front of t0 is the number of ver-
tices, the coefficient in front of t1 is the number of
connections of length 1 in the Hasse Diagram, the
coefficient in front of t2 is the number of connec-
tions of length 2, etc. To find a general equation
of these polynomials, instead of tedious counting,
we must find the Hasse graphs of different sym-
metries of the cube and find the relation between
them.

CONTRIBUTIONS
We formulated tracking as path search in a

large graph, and solve it efficiently with a mod-
ificiation of Dijkstra’s algorithm.

The method is based on [?]. Our main contri-
butions are

1. Efficient incorporation of a background ap-
pearance model

2. Formulation as a shortest path problem
3. (Correct) handling of occlusions
4. High-Efficiency implementation with up to

150 fps for a high resolution video

RESULTS

Frame 0 24 48 72 95

Frame 0 100 200 300 458

Between one and three user clicks were needed
to achieve accurate tracking for the head se-
quence. Note the correct handling of the occluded
ear, which required only a single click.

The eye of the running giraffe required
eight user interactions, of which three marked
occlusions.
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FUTURE GOALS

We can now use equations (2) and (4) to find the representations of the Algebra.
We want to extend these methods and results to other polyhedra.
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RESULTS

Looking at the polynomials for different permutations and higher dimensional cubes, we determined
a function that counts fixed k-faces for σ:∑

q⊆L∑
iqi=k

2r−
∑
qi
∏

1≤i≤n

(
li
qi

)
(1)

We can use formula (1) to determine a larger sample of polynomials to determine a general equation
from.

1. n = 4 σ + 02

(a) (1)(2)(3)(4): 82− 232t+ 248t2 − 120t3 + 24t4 − t5 = (3− 2t)4 − t(2− t)4 + 1

(b) (12)(3)(4): 28− 44t+ 2t2 + 26t3 − 12t4 + t5 = (3− 2t2)(3− 2t)2 − t(2− t2)(2− t)2 + 1

(c) (123)(4): 10− 10t+ 2t2 − 6t3 + 6t4 − t5 = (3− 2t)(3− 2t3)− t(2− t3)(2− t) + 1

(d) (12)(34): 10− 4t− 12t2 + 4t3 + 4t4 − t5 = (3− 2t2)2 − t(2− t2)2 + 1

(e) (1234): 4− 2t− 2t4 + t5 = (3− 2t4)− t(2− t4) + 1

2. n = 4 σ + 12

(a) (1)(2)(3)(4): 2− t5

(b) (12)(3)(4): 4− 2t2 − 2t3 + t5 = (2− t2)(2− t3)

With this information we were able to factor the polynomials into a general series solution that
depends purely on li, which depends on σ:

1 +
∏

(3− 2ti)li − t
∏

(2− ti)li (2)

For the special case σ + 1, we were able to determine the counting function:∑
q⊆L∑
iqi=k

li−qi=0,∀ odd i

2r−
∑
qi
∏

1≤i≤n

(
li
qi

)
(3)

Where we can get the array of polynomials for σ+1 like above, and factor that into a series solution:

1 +
n∏

i=2
ieven

(3− 2ti)li − t

n∏
i=2
ieven

(2− ti)li (4)

BACKGROUND

We define a permutation ≡ σ. σ = (123) im-
plies that the value of dimension 1 goes to di-
mension 2, the value of dimension 2 goes to di-
mension 3, and dimension 3 goes to 1. A sin-
gle group implies that dimension stays the same.
Point (1, 0, 0) under σ = (1)(23) is fixed at (1, 0, 0).

We define Lσ ≡ {l1, l2, l3, · · · , ln} as a set of
numbers representing the number of times a cy-
cle of a certain length is used in permutation σ.
We then define a new set q = {q1, q2, q3, · · · , qn}
where qi is a partition of a subpermutation. Set q
must be a subset of Lσ .

It is noted as a special case when σ + [1]2,
which implies 0 ↔ 1, and there are separate so-
lutions for that permutation.

WORKTHROUGH

We take the n = 3 cube and apply σ = (12)(3).

1. Fixed Vertices *

(a) (0, 0, 0)→ (0, 0, 0)*
(b) (1, 0, 0)→ (0, 1, 0)
(c) (0, 1, 0)→ (1, 0, 0)
(d) (1, 1, 0)→ (1, 1, 0)*
(e) (0, 0, 1)→ (0, 0, 1)*
(f) (1, 0, 1)→ (0, 1, 1)
(g) (0, 1, 1)→ (1, 0, 1)
(h) (1, 1, 1)→ (1, 1, 1)*

2. Determine Fixed Edges

(a) (0, 0, 0), (0, 0, 1)
(b) (1, 1, 0), (1, 1, 1)

3. Determine Fixed Faces

(a) (0, 0, 0), (1, 0, 0), (0, 1, 0), (1, 1, 0)
(b) (0, 0, 1), (1, 0, 1), (0, 1, 1), (1, 1, 1)

We have 4 fixed vertices, 2 fixed edges, 2 fixed
faces, and because each vertex is occupied, 1 fixed
cube. With this information, we can build the
Hasse Graph:

We can then count the paths to get the polyno-
mial:

10− 10t− 4t2 + 6t3 − t4 =
(3− 2t2)(3− 2t)− t(2− t2)(2− t) + 1


