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Abstract. The idea of making interaction between human and computers easier and more 
natural is very attractive. In order to achieve this, it is necessary to reduce the equipment 
required. Vision-based Human Computer Interaction (HCI) has the potential of making this 
possible. This project develops a condensation based algorithm to control different devices 
with the gestures performed by the hand. These kinds of HCI are not very common because of 
its complexity. For that reason, the implementation of a background subtraction filter was 
necessary before hand tracking. Also, the Catmull-Rom's curves were used to model the hand. 
Results of hand filtering, detecting and tracking are illustrated in the paper. Finally, a 
possible application is given by controlling basic movements of a helicopter in a virtual world. 
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1 INTRODUCTION 
A way to improve the interaction between human and computers have become an 

important topic for developing interfaces which could make it easier and natural for people to 
use. Touch Panels are a good example of those kinds of interfaces. They are easy to control by 
the users and do not require additional equipment. However, these devices require hardware 
and are expensive. 

For that reason, attempts to develop vision-based interactive interfaces have increased. 
Some of them focus on develop an interface to control robots [3] or create surfaces such touch 
panel but only with cameras as sensors [5] for different purposes. For each case, it is 
necessary to create a specific and robust algorithm. 

This paper propone a virtual interactive interface in order to make the system more natural 
for users, without complicated equipment. The user could send different instructions for the 
system by hand movements. 

Our approach is based on 2D model of the human hand, which helps us to reduce the 
complexity of the involved computations and still obtain good results as will be shown later.  

Section 2 describes the method used and focuses on the measurement model and 
improvements of it to reduce computational cost. Results are presented in section 3, which 
includes tracking efficiency graphics and applications of the purposed system. 

 

2 VISUAL TRACKING METHOD 

2.1 Overview 
Improve the way that human interact with computers, using an interface based on visual 

tracking, is a very valuable goal but, unfortunately, there is a crucial problem. The fact is that 
an object can generate different images depending on its pose or illumination. Silhouette-
based approaches simplify the problem by reducing the variability of the object 
representations. 

 In this case the silhouette contour of the hand is modeled by a Catmull Rom´s curve [6] 
whose state is estimated using a particle filter. This model is shown in Fig. (1). The choice of 
a particle filter or condensation algorithm as the track engine comes from its capability to 
work in the presence of nonlinearities and non-Gaussian noise models. The details of this 
filter and its associated formalism can be found in [1, 2, and 7] 

 

 
 

Figure 1. Contour template for hand 
 

2.2 Dynamic Model 
 
The dynamic model is represented by the Eq. (1):  
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𝑋𝐾 = 𝐴[𝛼 ∗ 𝑋𝑘−1 + (1− 𝛼) ∗ 𝑋𝐾−2] +𝑊𝐾 (1) 
 

Where WK is the gaussian noise, XK is a characteristic measure of the object to track in 
each image. So, the non-lineal dynamic of the object is based on evaluating the neighborhood 
of the previous object and predict the next position, taking as reference the Gaussian 
likelihood of the object position. 

 

2.3 Particles Filter 
 
In the visual contour tracking, the main task is to find the template configuration of object 

that will continue through the T frames in the video sequence. The configuration around the 
template for the frame object is denoted by xt , with t=1…T. To find the target object, a 
number of measurements are made in each frame, calculating the probability on the 
hypothetical boundary. Measurements in the frame t are denoted by Zt, and measurements 
taken up to frame t are denoted by Zt. 

 

𝒁𝑡 = {𝑧1𝑧2𝑧3 … 𝑧𝑀} (2) 

Zt = {Z1Z2Z3 … Zt} (3) 
 

The functional form of measurement point likelihood as formulated by Blake and Isard has 
the form p(z|x), where z is the set of features found along the measurement line, and x is the 
position of the hypothesized contour on the measurement line [4]. The Eq. (5) explains how to 
obtain it. 

 

xt = {x1x2x3 … xM} (4) 

p(zm|xm) = A ∗ e−�
(zm−x)2
2c2 � (5) 

 

Where c is the standard deviation of the Gaussian, vm = zm − x is the distance between 
the m feature found on the measurement line and the position of the hypothesized contour on 
the measurement line, this is x. Generally x is at the midpoint of the measurement line. Fig. (2) 
shows how an analysis is performed for a set point along the entire hypothetic boundary; the 
weight of the set point is given by Eq. (5), which is evaluated along each adjustment point 
over the measurement line [4]. 

 

 
 

Figure 2. Measurement line normal to a hypothesized contour. 
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Then, the likelihood of the entire contour at time t is the product of each of the likelihoods of 

each of the M measurement points. 
 

p(Zt|xt) = � p(zm|xm)
M

m=1

 (6) 

 

The weighted particle set, approximately, a probability density. In the Fig. (3), the particles 
are the green ellipses and their weights are proportional to their area. Picking one of the 
particles is approximately, the same as drawing randomly from the continuous probability 
function. One of the strengths of this weighted particle set representation is that, it allows the 
representation of multimodal distributions. 

 

 
 

Figure 3. Weighted particles set approximation of a probability density, taken from [5]. 
 

The information of interest, for the location of the target object, is expressed as a 
conditional probability, pt(xt|Zt), this is the probability of a hypothesized contour given the 
history of measurements. However, in general, it is difficult to calculate pt(xt|Zt) directly. 
For this reason, the Bayes theorem is applied to each time-step, obtaining a posterior 
pt(xt|Zt) based on all available information. 

 

p(xt|Zt) =
pt(Zt|xt)pt−1(xt|Zt−1)

pt(Zt)
 (7) 

 

Fig. (4) shows an outline of various particles, which have different weights (denoted by the 
size of its circumference). According to Bayes theorem, after obtaining these values, is 
performed Monte Carlo analysis to obtain such particles.  

All particles have the same weight, but there will be more concentrated where there had 
been a particle with a higher weight. Then, it compares the real shape with the outline 
hypothetical, getting the new weights for the particles. 
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Figure 4. Condensation algorithm step by step, taken from [5] 
 

In the Fig. (4), x(t) is the environment configuration, π(t−1)  and π(t) are the weights of the 
particles present in the frame. 

 

2.4 Background Subtraction 
 
In order to reduce the computational cost and make the system more robust, necessary to 

make a process of background subtraction to extract the hand silhouette. It was done in two 
steps. First, a skin color classifier was developed and then, morphological operations were 
applied to reduce the noise. 

2.4.1. Skin color classifier 
A skin color classifier was implemented in the YCrCb space color [8]. This space color 

was chosen because it allows us to control the variation of brightness, which is a huge 
problem in this kind of interfaces. Fig. (5) shows the result of the classifier. 
 

 
 

Figure 5. Skin Color classifier. 
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2.4.2. Noise reduction and Edge Detection 
In the Fig. (5), the hand silhouette is not perfect. For that reason, it was necessary to reduce 

the noise using morphological operations such as Erosion and Dilatation. Then, for edge 
detection the Canny filter was used. Fig. (6) shows the morphological operations and the 
Canny filter. 

  

 
 

Figure 6. Morphological Operations and Canny filter. 
 

2.5 Hand contour model 
In this part, will be explained all the hand parameters. These parameters were taken from a 

hand model, which is an articulated curve template built by Catmull Rom's curves from 50 
control points. Fig. (7) shows the 14 parameters which were considered to have a better 
control of the hand silhouette. With this parameters, it can be defined a function which will 
represent the hand silhouette. 

 

𝐹(𝑥,𝑦,∝, 𝜆, 𝜃0, 𝑙0,𝜃!, 𝑙1,𝜃2, 𝑙2,𝜃3, 𝑙3,𝜃4,𝜃5) (8) 
 

 

 
 

Figure 7. Parameters of the hand silhouette, taken from [5]. 
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Where: 
X and Y are the coordinates of the hand centroid. 
α is the rotation angle of the whole hand, 
λ is the hand scale, 
θ0, θ1, θ2, θ3 are the angles formed by the fingers, pinky, ring, middle and index finger 

with the hand palm respectively, 
l0, l1, l2, l3 are the lengths of fingers: pinky, ring, middle and index respectively received 

from the camera point of view, 
θ4 is the angle between the first segment of the thumb with respect to the palm, 
θ5 is the angle of the second segment of the thumb on the first segment. 

3 RESULTS 

3.1 Tracking results 
The presented method has been implemented on a Dual Core 2.20 GHz laptop running 

Windows 7. To manage the images taken from the camera was used the OpenCV (Open 
Computer Vision) libraries developed by Intel [9]. These libraries were useful to develop the 
skin color classifier and implement the condensation algorithm. Fig. (8) shows some tracking 
examples. 

 

 
 

Figure 8. Hand Tracking 
 
In order to measure the tracking results, efficiency curves were used. These curves are 

based on the mean square error, which is the sum of every little error between each point of 
the contour of the hand and its respective theoretical point. Eq. (9) explains how the efficiency 
was calculated. 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = �
�𝑋𝑌ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑡𝑖𝑐 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 − 𝑋𝑌𝑟𝑒𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒�

𝑒𝑟𝑟𝑜𝑟𝑚𝑎𝑥
∗ (𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠) (9) 

 

Where: 
𝑒𝑟𝑟𝑜𝑟𝑚𝑎𝑥 is the maximum difference of pixels between the hypothetic and real contour 

(see Fig. (2)), 𝑋𝑌ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑡𝑖𝑐 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒  are the coordinates of the hypothetic particle and 
𝑋𝑌𝑟𝑒𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒  are the coordinates of the real particle, which comes from the camera. 
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Fig. (9) shows the efficiencies of the algorithm during movements of translation and 
rotation. In both cases, the efficiency starts with a low value (63%), because the tracking is 
beginning and the hand is not necessarily in the same position of the template, then it 
increases (83%) when the tracking is more stable. 

 

 
 

Figure 9. Efficiency Curves for hand tracking in translation state (left) and rotation state (right). 

3.2 Applications 

3.2.1. Interface for Videogames 
To manage of the virtual interface, it has been considered the realization of buttons that 

indicate which actions were taken. These will be hidden later not to be relevant. Fig (10) and 
Fig. (11) show that it was possible to identify the actions taken by the hand either upward or 
diagonally. 

 

 
 

Figure 10. Identification of motion of the hand upward. 
 

 
 

Figure 11. Identification of hand movement on the diagonal. 
 
The screen was divided into 3 sections, top, middle and bottom, which gave the above 

signals, lower average in the boxes on the right side of the above figure. Once signal senses 
are confirmed, they interact with the virtual world developed in OpenGL (Open Graphic 
Library) to manipulate an example model (in this case was a helicopter) with good results as 
Fig (12) shows. 
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Figure 12. Virtual World developed in OpenGL (left) and Control of an object by Virtual Interface (right). 
 
The helicopter is moved in the direction of the hand rotation digitally, and taking into 

account the approach of the hand defines the orientation of the head tilting or ascending 
helicopter. 

 

4 CONCLUSIONS 
The YCrCb color space was useful and helpful for the application that was required, as can 

be seen in Fig. (5), because this provides proper hand isolation and a better control of 
brightness than in other color spaces. 

The tracking efficiency is around 81% for the various movements that made the silhouette 
of the user’s hand and a minimum of 65%, this indicates that tracking is fast and efficient for 
various applications such as simulation in virtual environments and control by communication 
protocols. The minimum value is given at the beginning, which has not yet detected the hand. 

The proposed interface is suitable for different kind of applications, as demonstrated with 
the sample object (a helicopter). That’s why; the program developed could be changed 
depending of the required application. 

As a future work and to increase the degrees of freedom (DOF) of the system, it will be 
implemented a tracking for each finger, so it will allow users to simulate to touch a surface. 
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