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Abstract—We present a design for an augmented
reality system implemented on a NEXYS 4 DDR
FPGA. In this system, a virtual object is projected
into the camera frame which remains in place
relative to the motion of the camera. We utilize
HSV object tracking to generate three vectors from
a set of four tracking points. A virtual object is
projected into the scene using a linear combination
of these vectors. We are able to animate this virtual
object by shifting between different sets of virtual
points in a set number of frames.

I. Introduction
This paper outlines a design and implementation of

an augmented reality system. Augmented reality allows
for mixing the artificial and real world by fixing virtual
objects in real world camera feeds using sensor readings.
Typically, AR systems identify some known objects in
the real world and fix virtual objects to them providing
the illusion that the objects present in the real scene.
A common application of AR is to fix a virtual piece of
furniture within a room in order to simulate what the piece
would look like in real life.

Traditional methods for creating AR utilize the
perspective-n-point algorithm to calculate the camera’s
rotation and direction relative to a set of known tracking
locations. This algorithm requires an understanding of
complicated linear algebra which we found difficult to
accurately implement in hardware. We decided to circum-
vent the complexities of this traditional approach by gen-
erating a set of vectors from for four tracking points and
then representing a virtual object as a linear combination
of these vectors. The accuracy of the linear combination
strategy is lowered as the virtual points get further from
the tracking points. This leads to distortion if we try to
display points further from the tracking points, because
we do not properly account for the perspective projection
of the camera image, and assume that it is orthographic.
A link to the final project code can be found here:
https://github.com/mileskt/SpeedyAR Final copy.git.

II. Object Tracking
In order to generate the set of vectors with which we

can project a virtual object into the camera frame, we
first needed to determine the location of a four tracking
points. Since we needed to track something invariant to

Fig. 1. The setup we built to hold each of the tracking balls

rotation of the camera, we used color to distinguish the
tracking objects from each other and the rest of the scene.
Effectively tracking color in the RGB color space output
by our camera was difficult because it varied drastically
with light. To overcome this, we used a converter, written
by Kevin Zheng in 2010 to transform the RGB output of
our camera to the HSV color space where each pixel is rep-
resented by a hue, saturation and value. We encountered
difficulty when implementing this converter because the IP
divider originally used is out of date, so we had to figure
out how to tweak the IP generator to get a divider with the
proper latency and ratio of numerical to fractional output
bits. For testing, we defined a set of thresholds using the
switches on the FPGA and then displayed a mask over all
the pixels within this threshold. we determined thresholds
that accurately isolated each color with minimal noise. We
used a ring light to get an even distribution of light over
the balls.

III. vector generation
The masks output by each of the HSV threshold mod-

ules are fed to a center of mass calculator that finds the
average x and y location of each of the tracking objects.
This tracking data is then fed into a module which can
calculate the vectors used for projection. The x and y
vectors are represented with packed 48 bit arrays divided
into three 16 bit sections representing the distance of
each tracking point from the origin. We chose 16 bits so
that the vector values can be converted to a fixed point




