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Abstract 
 

Most of augmented reality applications need 
mobility and processing power to efficiently provide 
immersion to the end user. These requirements can be 
achieved using embedded devices such as FPGAs to 
execute the application. In order to work properly, id-
marker-based applications require removing the 
perspective distortion of the input images, so that it’s 
possible to have the correct reading of the id. Several 
approaches can be taken to fix the perspective 
distortion in an image, as 4 points mapping and the 
use of parallel and perpendicular lines. This work 
presents an FPGA implementation of a module that 
uses 4 points mapping to calculate the corresponding 
homography between images, in order to solve the 
problem of perspective distortion correction in an 
embedded  AR system. 
 
1. Introduction 
 

Augmented reality (AR) applications play their 
most significant role as systems that can be easily 
taken and used anywhere. However, just as any other 
graphic application, they require some processing 
power so that a realistic experience can be provided to 
the user. An embedded architecture developed on an 
FPGA (Field Programmable Gate Array) would supply 
both mobility and processing power to the AR 
solution, as it is a tiny chip and has the efficiency of 
hardware level execution. Embedding the whole AR 
pipeline would spread the use of this technology, since 
it would enable AR applications to run on compact 
devices. 

Marker-based AR systems use markers to keep 
track of the position in which the digital objects will be 
rendered. Fiducial marker systems consist in patterns 
that should be uniquely identified in the environment 
by some detection algorithm. One of these systems is 
the BCH marker system, based on the Bose-

Chaudhuri-Hocquenghem code [1], which allows up to 
4096 markers and is used in the ARToolkit Plus 
library. This type of marker consists of a black square 
border and an interior region filled with a 6x6 grid of 
black and white cells. These cells represent a 36-bit 
code. Such id-based marker systems are widely used in 
AR applications, where the reference of each marker is 
important. 

The detection algorithm of an id-based system such 
as the one described above basically identifies the 
markers on the image frame and reads the code drawn 
upon it. However, if the marker’s plane is not aligned 
to the screen’s plane, it’s needed to find a mapping 
between the two planes, known as homography. The 
homography is used to make possible the correct 
reading of the id drawn on the marker, which is then 
checked using a specific matching algorithm. In order 
to do so, there are some algorithms already developed 
to extract such perspective distortion. One of these 
approaches uses parallel and perpendicular lines, which 
is described in [2]. It identifies a pair of parallel lines 
that intersect each other in the perspective image, uses 
the line that passes through the intersection points to 
remove the projective component of the distortion, 
finds a pair of perpendicular lines and uses it to remove 
the affine component. The approach chosen to be used 
for the perspective distortion correction module 
presented in this paper requires 4 non-collinear points 
to create the mapping between the two planes. These 
points generate a set of 8 equations. To solve these 
equations an LU decomposition algorithm may be 
applied, due to its simplicity, as described in [3]. This 
algorithm writes the corresponding matrix of the set of 
equations as a product of a lower and upper triangular 
matrix. The equations are then solved using forward 
and backward substitution.  

This work focuses on the development and 
validation of an embedded perspective correction 
module, based on the LU decomposition algorithm, 
thus enabling the identification of id-based markers. 


