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I. Overview

The goal of this project is to create a program which
is capable of tracking a curling shot and predicting
the outcome of the shot. The program will take in a
series of frames from an overhead view of a curling
game and track the location of the stone within the
sheet of ice. It will then generate a prediction for the
path of the stone given the previous frames of the
stone. This includes a predicted path of the stone,
simulating any collisions between that stone and sta-
tionary stones on the ice and predicting the stopping
location of each stone on the ice. This program will
continually update its predictions as it receives more
frames to create a better and better estimate of the fi-
nal outcome of the shot. It will also be able to display
the score after each end.

II. Core Components

(i) Image Rectification

The curling games are shot with an overhead camera,
but it remains at a fixed point. As such, the camera
must rotate to follow the stones as they travel down
the ice, skewing the image if the camera is not looking
directly downward. This will cause the scale of the
image to change as the camera rotates, which is not
desirable for these applications. To fix this, the image
must be “deskewed” or rectified so that it appears as
if the image was taken looking directly down at the
ice. This can be ensured by requiring the bumpers at
the edge of the ice to be parallel. [1]

Included are sample screen shots from a curling
game demonstrating the angle of the camera and how
it can change as it pans to follow the stone down the
ice.

As an example of rectification, we edit the first im-
age in Gimp and perform the rectification manually.
In practice, this will be automated, but this serves as
an example of the types of output we expect from the
rectification.

Figure 1: Two images from the same curling game in-
dicating how the perspective changes while following
the stone

Figure 2: Manual editing in Gimp to rectify an image
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(ii) Recognizing Ice Features

Since the camera is continually panning, the location
of the curling stone within the image does not deter-
mine its location on the rink. In order to determine
this, we need to identify features of the ice in the im-
age which will give us a reference point within the
ice surface from which to compare the stone location.
On a curling rink, there are 4 lines and several logos
on the ice that should be sufficient for determining
the location on the ice. There are 2 tee lines (one on
each side), 2 hog lines (one on each side) and typi-
cally several sponsor logos near the center of the ice.
Once these features have been identified, the location
of the image within the rink is known, which gives
an easy mapping between position on the rink and
position in the image.

(iii) Track Curling Stone Position

One of the most basic functions of this program is to
actually recognize the curling stones on the ice and
track their location. Since the curling stones are a
dark gray color against a bright white background,
the stone location should be easily determined using
thresholding. This gives the location within the im-
age which can easily be mapped to a position on the
rink using the previous bullet. For the thrown stone,
this will allow the velocity of the stone to be tracked,
which will allow a prediction of where the stone will
come to rest. By tracking the stationary stones as
well, we can predict which stones will collide and pro-
vide predictions about their end locations. [2], [3]

(iv) Track Curling Stone Orientation

The orientation is used to determine which way the
stone is spinning so that we can predict which way
it curls. This will be tracked by finding the handle
of the curling stone and estimating its angle. Using
this, we can track the angular velocity of the stone
which tells us how the stone will curl as it makes its
way down the ice. There are several levels of com-
plexity that can be added to this part. For the most
basic functionality, we need only determine if the spin
is clockwise or counterclockwise which tells us which
way the arc that the stone travels along will bend. For
this purpose, we would assume that each stone curls
the same amount, regardless of the spin. For added
complexity and accuracy, we can find the exact angu-
lar velocity of the stone and use this to get a better
prediction for how much the stone will curl. However,
most stones are thrown with about the same amount
of spin (2.5 - 3 turns over the course of the stones

journey), tracking the exact amount of spin the stone
has is one of the lower priority tasks.

(v) Track Curling Stone Color

This is used for identifying which team each stone
belongs to. This is used only for computing the score
after each end and is not a major component of the
program. Since the stone colors are dramatically dif-
ferent, such as red and yellow, or red and blue, this
decision process is easy to implement. However, if the
stone colors are not known a priori, this will require a
more sophisticated decision process to learn the col-
ors of the stones. For the purposes of this project, we
are going to assume that the colors are known a priori
to devote more time to the shot prediction portion of
the program.

(vi) Collision Engine

This will be used to predict the result of collisions of
the stones. The simplest model for this is an elastic
collision between two objects. However, in practice,
the stones lose a slight amount of energy in the col-
lisions. We could thus introduce a tunable parame-
ter specifying how much energy is lost in a collision.
Furthermore, we will assume that curl has no effect
after the collisions. This is generally a safe assump-
tion since after collisions, stones usually do not travel
very far along the ice before going out of bounds and
usually have a heavy weight so curl does not affect
their trajectory much anyways.

III. Challenges

There are several challenges in implementing this
project which must be taken into account. I do not
have a complete grasp of how much of a problem
these will be in the final implementation, but have
included them here as they are foreseeable problems
which might be encountered:

• Sweeping - Sweeping a stone both affects how
much it will curl as well as how far it will travel.
Currently, I am not planning on implementing
a method of identifying if sweeping is occurring,
which may cause the predictions to be inaccu-
rate. Depending on how far off the results are,
this may be something which needs to be im-
plemented. However, I will still be able to find
enough video of curling stones which are not
swept to eliminate sweeping as a variable.

• Stone Occlusion - The sweepers, whether sweep-
ing or not, will invariably occlude some of the
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stones as they move down the ice. This can in-
terfere with the detection of the stones. This
would manifest itself as a sudden disappearance
of a stone in the tracking algorithm. To combat
this, stones which suddenly disappear could be
replaced with predictions of their movement.

• Stone Perspective Change - While we can eas-
ily rectify an image to give the appearance of an
overhead view, this will still not change the per-
spective of the stones. Thus, there will still be
a side view of these stones, as seen in Figure 2.
This may be a problem in identifying the actual
boundary of the stone for collision prediction. If
this becomes a problem, we can try to fix it by
adjusting the boundaries of the stones based on
how much the image has been skewed to rectify
it. This will likely be a heuristic correction which
will only be added in if we observe poor perfor-
mance in collision prediction.

• Stone Orientation - It may be difficult to track
the orientation of the stone from the side views
we get while the stone is far from the camera.
This is because the handle is a 3-dimensional ob-
ject which will look rather complex as it spins.
If tracking the orientation under these circum-
stances proves intractable, we can elect to deter-
mine the curl of the stone simply by analyzing is
path to detect which way it is spinning.

IV. Implementation

This program will be implemented in Matlab. For
data, we will use videos of curling games available
from the World Curling Federation on Youtube. The
sample images in this proposal are taken from such a
video, the 2013 Le Gruyre European Curling Cham-
pionships Mens’ Final Game between Norway and
Switzerland. There is enough footage available in this
manner to test the algorithms implemented for this
project for a number of different scenarios.
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