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This paper presents a new algorithm capable of improving the accuracy level of a laser pointer detec-
tor used within an interactive control device system. A genetic programming based approach has been
employed to develop a focus of attention algorithm, which works cooperatively with a genetic fuzzy
system. The idea is to improve the detection of laser-spots depicted on images captured by video cam-

13 Available online xxx . . ) . .
eras working on home environments. The new and more accurate detection system, in combination
14 with an environment control system, allows to send correct orders to home devices. The algorithm is
15 Keywords: C o . . . . .
6 Self-adjusting capable of eradicating false offs, thus preventing devices to autonomously activate/deactivate appliances
7 Focus of attention when orders have not been really signalled by users. Moreover, by adding self-adjusting capabilities
18 Laser pointer with a genetic fuzzy system the computer vision algorithm focuses its attention on a narrower area of
19 Environment control systems the image. Extensive experimental results show that the combination of the focus of attention tech-
20 Genetic fuzzy systems nique with dynamic thresholding and genetic fuzzy systems improves significantly the accuracy of the

laser-spot detection system while maintaining extremely low false off rates in comparison with previous

22

approaches.
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1. Introducction

An interactive system can be defined as: a set of interrelated
objects neatly exercising an interplay between them. This concept can

21Q5 Human beings feature both the desire and need to control the be applied to smart homes [3,4] thus providing environment con-
24 environment, probably as a result of attempting to improve their trol systems. We can find in the state of the art several approaches
»s  quality of life. For example, in prehistory when fire taming could available in environment control systems. But we want to develop
2 mean a difference between life and death; later on history while simpler interaction systems, by using a laser pointer as a basic
27 managing and manipulating natural resources as in agriculture; interaction device.
s and more recently with the arrival of the technological society The distinctiveness of our approach is the application of com-
»  where a plethora of electronic devices are nowadays part of our puter vision and computational intelligence techniques with the
o life. aim that the system should be capable of detecting laser spots and
31 Today, every conventional-home features tens of electronic converting the signals into suitable domotic control orders. This
2 devices that should be manipulated with ease. Technology should paper continues the improving of our previous approach built on
33 be helpful in providing smooth interaction with home appliances the latest results presented in [5] where different algorithms were
s with the aim of transforming it into the new smart-home concept. tested to correctly detect a laser spot.
35 Nowadays, smart homes are particularly helpful for elderly or On the one hand, our earlier attempts presented in [6-8] applied
3 handicapped people [1,2], who will benefit from a proper applica- several classical computer vision techniques, such us dynamic
37 tion of technology. As a result, an easy-to-use interactive system, thresholding (DT) and template matching (TM), which were inte-
33 capable of controlling different home devices, is required. grated into a decision making algorithm. On the other hand, we also
analyzed the replacement of DT by a new soft computing based
decision making system in [5,9-12] as well as genetic fuzzy sys-
tems (GFSs) [13-15], which in combination with TM allowed us to
—_— provide good accuracy for the problem of laser-spot detection.
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Both approaches, using classical techniques and soft comput-
ing based ones, feature the same problem: TM always incur on a
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number of errors that are fed into the system, then making the
system incapable of avoiding such errors. As a result, a number of
false negatives and false positives (also called false offs) appears
in the decision process. Yet, the decision making system requires
such previous process that provides the values for the classification:
images with or without a laser spot.

This paper presents an approach to improve the accuracy of
the whole system: Instead of trying to improve the decision mak-
ing algorithm, we focus on the previous techniques in charge of
extracting and providing the main features required for the final
decision. The main contribution of this paper is thus the appli-
cation of a new genetic programming based technique, called the
focus of attention (FOA) algorithm, capable of regulating the algo-
rithm according to environmental light conditions with, the aim of
providing better extracted features and smaller image areas. We
compare the approach with previous methods and provide results
that show noteworthy scores in the false offs that are maintained
at an extremely low level while the new method also increases the
laser-spot detection accuracy.

The rest of the paper is organized as follows: The state of the
art is presented in Section 2. The classical algorithms are described
in Sections3, and Section4 describes the whole laser pointer
based environment control system. The new FOA-based approach
is introduced in Section 5. The results are provided in Section 6.
Finally, the conclusions are drawn in Section 7.

2. Releated works

In the literature, different environment control systems have
already been described; see [4,6,16-22]. Note that, a large set of
previous works, where different techniques are used, are based on
laser pointers; see Table 1. In those works, the goal is to interact
with a projection screen by means of the laser pointer. In our pre-
vious works, we attempt to extend similar capabilities in such a way
of enhancing the interaction with devices considering a real-home
environment. The idea allows users to send orders by projecting
laser spots onto home devices in combination with domotic control
systems [6,7,9-12,23].

Table 1 includes a summary of the previous works employing
laser pointer as a pointing device. The aims of these works are to be
able to control different objects (i) presented on a large display, (ii)
within an environment where a robot has to pick them up or (iii)
with the aim of detecting imperfections in buildings. Different tech-
niques have been used for solving the problem of detecting the laser
spot, such as threshold value, pattern recognition, colour analysis,
etc. Kirstein and Miiller used an algorithm divided in three phases
for detecting the laser spot. The phases were, motion detection,
pattern recognition and histograms comparison [24], with these
techniques, the laser spot was detected only on 50% of the frames.

Another standard technique used in previous works is thresh-
olding. This technique consists of calculating a value, using all the
information that is possible to detect from the laser spot in an
image. The process to calculate such value is common in the works

Table 1
Previous works were based on expensive camera filters, multiple cameras and com-

Q6 puters, as well as specific hardware and software.

Technique Used Works
Thresholding [27,28,32-36]
Template matching [6,7,12,24-26]
Colour-based techniques [27-31]

Camera or display filters [23,37-43]
Video and camera network [32,34,38,44-49]
Hardware-based approaches [30,50]

Classical vision techniques in combination with [5,7,9-12]

fuzy rule-based systems

presented in Table 1. Note that it is necessary to analyze the bright-
ness of the image to correctly calculate the threshold value of the
laser spot. These works are characterized by the difficulty for detec-
ting the laser spot in environments where the light conditions are
not favorable.

Other classical vision techniques incorporate a well-known
algorithm called template matching, see [6,7,12,24-26].In our prob-
lem a laser spot has a peculiar characteristic: it is similar to a circle.
Ifthe laser pointer is aimed directly towards a surface, ared or green
circle is drawn. For this reason, authors applied different techniques
to find a circle in the image. The technique consists of calculating
the position of the laser spot by means of a convolutional process
that searches around the whole image. Thus, the image section with
the highest convolutional value is designated as the location of the
laser spot.

A different technique that is also applied to detect the laser spot
is employed in [27-31]. The algorithm uses different colour bands:
red, green and blue (RGB) and Hue, Saturation and Intensity (HSI)
to provide with a richer information that is useful for detecting
the laser spot on an image. Thus, a video-camera takes a colour
image in the RGB space system and the algorithm changes it to
the HSI system. As a result, the laser spot is detected, by means of
segmented functions or threshold values according to the applied
colour system.

The main drawback in these previous works is that light con-
ditions, orientations and textures, need to be controlled and fixed.
For example, the laser spot cannot be detected correctly if there
is a high brightness on a screen projection. Moreover, since pre-
vious approaches typically present many false offs, the proposed
techniques require whole new processes. Table 1 presents a sum-
mary of the above described works together with others that use
cameras or display filters, video analysis, camera networks, and
hardware-based approaches.

We can observe that light conditions and textures are the main
problem for detecting correctly the laser spot. Also, we could say
that for most of the cases the algorithms work in controlled light-
environment conditions. As a result, it is easier to locate the laser
spot in comparison with a real home environment, where bright-
ness of light conditions are almost impossible to control, leading
the algorithms’ attempt to solve uncontrollable situations.

3. Classical vision techniques

We describe here some of the classic computer vision tech-
niques we have employed as our base case for comparison. As
described above these techniques have been frequently employed
before, (see Table 1), and allows us to compare their behaviours.
Moreover, we already considered such techniques in some of our
previous works [5-12].

3.1. Dynamic thresholding

Dynamic thresholding was the first algorithm that we applied
for image feature extraction and it was also considered as the basic
routine for the decision making system. Such algorithm applies a
threshold value to extract candidate pixels for laser-spot detection.
Fig. 1 shows two images with a laser spot for different light-
ning conditions. We observe that the laser spot has different sizes
depending on: the light conditions and distance to the wall; hence,
the two affect how the spot is projected into the camera. More-
over, laser-spot pixels also feature different energy values; hence,
it was necessary to establish a dynamic threshold value that adapt
according to light conditions.

In a first step, the algorithm tries to calculate the threshold
value; then, pixels under this value are eliminated at the time of
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