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Abstract 
 

This paper describes an enhanced implementation 

of the Kanade-Lucas-Tomasi feature tracker, enabling 

real time feature detection and tracking in high 

definition images. The tracker is implemented using the 

NVIDIA CUDA as a massively parallel technology for 

computational intensive tasks. CUDA has shown to be 

a promising technology for real time high definition 

image processing and computer vision algorithms. In 

this work we explain how the real time constraint was 

achieved through the use of a GPGPU technology. The 

implementation has provided speed up improvements 

of 90x when compared to the CPU reference 

implementation. We were able to work with high 

definition resolutions, as 50 fps results were achieved 

when extracting 1,000 features on a 1,024 x 1,024 

video stream. 

 

1. Introduction 
 

Augmented Reality (AR) systems superimpose 

virtual information - 2D or 3D, textual or pictorial - 

onto real world scenes in real time, enhancing users 

perception of and interaction with the environment. 

Nowadays, AR is used in different application 

domains, such as entertainment [1], medicine [2], 

manufacturing and repair [3], and training[4]. The 

technical challenges lie in determining, in real time, 

what should be shown, where, and how. Traditionally, 

AR systems place virtual objects in the real world 

scene using fiducial markers. Such markers are placed 

in the world to support position and orientation 

tracking by the system [3]. In order to avoid such 

artificial markers that may become intrusive to the 

environment, since they are not really part of it, it is 

also possible to apply markerless tracking techniques 

originating the so named Markerless Augmented 

Reality (MAR) systems [5–7]. 

Lately, this research field is getting more attention, 

requiring the use of sophisticated Computer Vision 

(CV) algorithms [8–10]. Such algorithms need to be 

adapted to the MAR pipeline, which means not only 

modifying them but also mapping AR inputs and 

outputs into CV ones. The correct mapping of the AR 

input (camera image) into CV algorithms is performed 

by a preprocessing step (tracking), which converts 

moving scenes to a sparse array of points called 

features. Based on these points, CV algorithms are 

capable of inferring their position, orientation and the 

camera pose. Sometimes, the tracking phase itself can 

be much more complex and computationally expensive 

than the specific CV technique. 

In addition, last generation MAR systems should 

present graphically and physically realistic High 

Definition (HD) scenes. Graphic realism means 

seamlessly fitting the virtual information into the scene, 

both geometrically and photometrically (occlusions, 

shadowing, mutual reflections, and chromatic 

adaptation to scene illumination, for example). 

Realistic interaction between virtual and real elements 

takes into account not only these aspects but also the 

physical behavior of the scene elements [11]. Finally, 

application domains such as High-Definition 

Television (HDTV) and advertisement [12] may take 

advantage of MAR systems to present dynamic content 

on HD scenes, which currently are of 720p (1,280 x 

720 pixels) or 1080p (1,920 x 1,080 pixels) resolution. 

Another important aspect to be considered is that MAR 

systems should stand under the real time constraint. 

Although the latest mainstream CPUs have gained 

more cores to process extra loads, they are still not able 

to process massive datasets and tackle scaling problems 

properly, in real time. On the other hand, General-

Purpose computation on Graphics Processing Unit 

(GPGPU) technology outstands in fitting these 

problems through a massively parallel paradigm, 

properly scaling problems that require processing 


