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ABSTRACT 

Several solutions for Augmented Reality that use general purpose 

devices, like computers and handhelds, have recently been 

developed. In such devices, the processing is done by software, 

making it difficult to obtain the real time results without 

compromising resolution and frame rate, the use of high clock 

frequencies, and consequently leading to higher costs and power 

consumption. This paper describes the ARCam framework, which 

implements a platform based on Field Programmable Gate Array 

technology for Augmented Reality applications in the form of a 

dedicated hardware system. The ARCam solution is formed 

entirely by hardware components, including the one responsible 

for graphics rendering called Hardwire. In order to demonstrate 

the framework utilization and evaluate its feasibility, a number of 

image processing algorithms have been implemented and some 

Augmented Reality applications have been created using ARCam. 

Keywords 

FPGA, Image Processing Algorithms, Augmented Reality, 

Embedded Systems. 

1. INTRODUCTION 
With the evolution of embedded systems and applications using 

Virtual Reality (VR), the creation of systems that amplify in real 

time user perception of the real world became feasible. 

Augmented Reality (AR) is the research area that studies and 

creates systems that support the coexistence of virtual and real 

worlds [1]. Unlike VR, the user is not immersed in an artificial 

environment, but in the real world, with virtual objects or 

information superimposed to it. Ideally, in AR, virtual and real 

objects coexist in a natural way. A case in the point is the movie 

“Who Framed Roger Rabbit”, where virtual characters are shown 

in the real world. In an industrial environment, AR can help to 

identify problems and point to solutions, ranging from a simple 

help in a procedure to a simulation of the future based on current 

information. Many other areas can use (and they are already 

using) AR tools, including medicine, production and repair 

manufacturing lines, robotics, entertainment and military 

applications. 

The design and building of a system following such concepts is 

the challenge we seek to overcome in this work with the 

development of the ARCam framework [2]. It has the benefit of 

turning AR technology ubiquitous. The main objective of this 

work is to construct a framework for the development of 

embedded AR solutions, creating a flexible system that facilitates 

the elaboration of new applications using the available hardware 

infrastructure, together with a library of common functions for 

this type of application. With this framework, it will be possible 

to create different types of solutions, for example, smart cameras 

programmed to perform equipment inspection.  

This paper is organized as follows. Section 2 talks about some 

work related to ARCam. Section 3 presents the platform utilized 

in the project and the developed architecture. Section 4 presents 

some results obtained from the implementation of image 

processing components and a 3D rendering component in 

ARCam. Two case studies were implemented to evaluate the 

framework and are described in Section 5. Section 6 enumerates 

some of the difficulties faced during the development of the 

project. Finally, conclusions and directions for future work are 

described in Section 7. 

2. RELATED WORK 
Although several AR applications have been developed, they are 

targeted to devices which have a general purpose processor, like 

computers [3] and PDAs (Personal Digital Assistants) [4]. In 

these contexts, all the processing is done by software, which 

usually implies in performance loss or image quality reduction 

when the application operates under stringent real-time 

constraints. Conciliating the use of general purpose processors 

with applications that need to maintain good performance in real-

time invariably results in a high cost to the overall project, due to 

some factors, e.g. the need of higher clock frequency and power. 

Often users need to carry a notebook in order to run a real-time 

application, which makes the solution less versatile and more 

expensive, mainly because of its weight and power consumption 

[3]. 

On the preliminary research performed to produce this project it 

was not found any flexible solution from the point of view of 

hardware and software for AR applications. Most existent 

solutions for AR are still not accessible for the general audience, 

because they are in the research phase and / or are dedicated to a 

specific applications [3], [5], [6]. For instance, ID CAM [6] is an 

 

 


