
 

ESCUELA	TÉCNICA	SUPERIOR	DE	INGENIERÍA	

Y	SISTEMAS	DE	TELECOMUNICACIÓN	

	
	

PROYECTO	FIN	DE	GRADO	

	
TÍTULO:	Development	of	a	System	for	Recognizing	Finger-Spelling	
Sequences	

	

	

AUTOR:	Álvaro	Guijarro	Casado	
	

TITULACIÓN:	Grado	en	Ingeniería	de	Imagen	y	Sonido	
	

	

	

TUTOR:	Filip	Csóka	

UNIVERSIDAD:	Slovak	University	of	Technology	in	Bratislava	(STUBA)	

CENTRO:	Faculty	of	Electrical	Engineering	&	Information	Technology	(FEI)	

PAÍS:	Eslovaquia	

	

	

	
	

Fecha	de	lectura:														

	

	

Calificación:		

	

	

	

	

El	Coordinador	de	Movilidad,	

	
	

	
	 	





 

 

ACKNOWLEGMENT	

 

The biggest thank you is to my parents and my brother, who have taught me that nothing in life 
has a reward without work. I will thank them forever your support every day, I know it has been hard 
but it has been worth it. 

Many thanks to all the people who have gone through my life in the UPM, there is always 
someone who can teach you something new that you do not know. 

I would like to be grateful to everyone involved in my last university adventure, specially to 
my Erasmus friends and my supervisor Ing. Filip Csóka who gave me the opportunity to finish my 
studies with your proposal and always kept his office open for my doubts.    

Thank you so much to the rest of my special friends in Spain. It is not necessary to name anyone, 
you know who you are. 

 
I must to finish this chapter of my life with a sentence that a teacher told me and I will never 

forget: 
 

“Constancy and decision get everything” 
 

Álvaro.



SLOVAK UNIVERSITY OF TECHNOLOGY IN BRATISLAVA 
 

Faculty of Electrical Engineering and Information Technology 
 
 
 
Reg. No.: FEI-9637-84802 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Recognizing finger-spelling sequences 
 
 
 
 

Bachelor thesis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Study programme:  Telecommunications  
Study field: 5.2.15.  Telecommunications  
Training workplace:  Institute of Multimedia Information and Communication       
   Technologies  
Supervisor:   Ing. Filip Csóka 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bratislava 2017                                                                         Álvaro Guijarro-Casado 



 

 1	

RESUMEN	

En la actualidad, se sigue buscando técnicas para mejorar la interacción entre personas 
con problemas auditivos y en el habla a través de los lenguajes de signos. La evolución de las 
técnicas de reconocimiento de signos está siendo muy rápida, debido a que los sistemas 
informáticos y los algoritmos implementados en ellos permiten tomar decisiones de manera 
autónoma. 

Los avances y el progreso realizado en los medios de interacción entre el humano y los 
ordenadores hacen posible crear nuevos métodos para hacer la vida más fácil a personas con 
este tipo de dificultades. 

El reconocimiento de gestos de la mano es una forma de crear una interfaz útil y altamente 
adaptable entre las máquinas y los usuarios, por lo tanto, el trabajo fin de grado pertenece al 
campo del Procesado Digital de Imágenes. El reconocimiento del Lenguaje de Señas 
Americano (ASL) presenta diferentes dificultades, entre ellas la gran variabilidad de los gestos 
de las manos humanas en la representación de los signos del alfabeto, siendo uno de los 
principales problemas los diferentes rasgos en la mano, como por ejemplo: el tono de la piel, el 
tamaño de los dedos y su posición en el gesto.   

Existen varios tipos de sistemas y métodos para reconocimiento del lenguaje de signos. 
El método elegido para el desarrollo de la tesis es muy robusto y eficiente para el 
reconocimiento estático del gesto de la mano. El sistema consiste en un algoritmo desarrollado 
en Matlab y basado en la Transformada de la característica invariante en escala también 
conocido como SIFT, debido a que este tipo de transformada obtiene de manera muy eficaz las 
características de una imagen. 

El principal objetivo del proyecto es proponer dicho sistema para que sea capaz de 
reconocer los difererentes gestos estáticos de la mano del Lenguaje de Señas Americano con el 
mayor éxito posible, comparando diferentes tipos de imágenes de gestos como entrada al 
programa con otras imágenes de gestos ya existentes en una base de datos, tras esto analizar 
cuales gestos son los más complicados de reconocer y obtener los ratios de éxito del sistema 
para las diferentes pruebas que se realizan. 
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ABSTRACT	

 Nowadays, it is still looking for techniques to improve the interaction among people 
with hearing and speech problems through sign languages. The evolution of the signs 
recognition techniques is very fast, because computer systems and algorithms implemented in 
them make decisions autonomously. 

 The advances and progress made in the means of interaction between humans and 
computers make it possible to create new methods to make easier life for people with this type 
of difficulties. 

Recognizing hand gestures is a way to create a useful and highly adaptable interface 
between machines and users; therefore, the project belongs to the field of Digital Image 
Processing. The American Sign Language (ASL) recognition presents different difficulties, 
between them the great variability of human hands gestures in the signs representation of ASL 
alphabet, being one of the main problems the different traits in the hand, as for example: the 
skin tone, the fingers size and their position in the gesture.  

There are several types of systems and methods for sign language recognition. The chosen 
method for the development of the project is very robust and efficient for the static recognition 
of hand gesture. The system consists of an algorithm developed in Matlab and based on the 
Scale-Invariant Feature Transform also known as SIFT, because this type of transform obtains 
the features of an image very efficiently. 

The main goal of the project is to propose such a system so that it is able to recognize the 
different static hand gestures of the American Sign Language with the greatest possible success, 
comparing different types of gesture images as input to the program with other gesture images 
already existing in a database, after that analyze which gestures are the most complicated to 
recognize and obtain the success ratios of the system for the different tests that are done. 
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1. INTRODUCTION	

American Sign Language (ASL) is a complete sign language system, that is widely used 
by deaf individuals all over the world, ASL speakers can communicate with each other 
conveniently using hand gestures.  

However, communicating with deaf people is still a problem for non-sign-language 
speakers. Therefore, an automatic ASL recognition system is highly desirable. One of the 
problems is recognizing finger-spelling (alphabet) sequences, for that it will be studied the best 
way to solve this problem through an algorithm in Matlab. 

In the first part of thesis, for a better understanding of this problem, the beginnings of 
sign languages will be treated and knowledge of ASL in particular will be expanded. 

1.1 Origin	of	Sign	Language	

The sign languages are natural languages of gestural production and visual perception, 
which have perfectly defined grammatical structures and are different from oral languages with 
which we are compared. While with oral language, the communication is established in a vocal-
auditory channel, the sign language does it through a gesture-visual-spatial channel (or even 
tactile, in the case of deaf and blind people), which allows deaf, mute and deaf-mute people to 
relate to other people who understand the use of language, thus achieving insertion in the family 
and social environment. 

The origin of this language is as old as humanity, and continues to be used among 
different communities, such as the Amerindians of Great Plains region in North America, who 
used a sign language to make themselves understood among ethnicities who spoke with 
extremely diverse phonologies. 

A good example was Manhattan, where a tribe lived in which a large number of their 
members were deaf and communicated by gestures almost exclusively. A similar case 
developed on the Martha's Vineyard island in southern Massachusetts, where due to the great 
number of deaf people was used a sign language that was of general use also between listeners, 
until the beginning of 20th century. Despite this, there are no documentary references to these 
languages before 17th century. The data that are available are related to systems and educational 
methods for deaf people. 

In 16th century, Jerónimo Cardano (doctor of Padua, northern Italy) proclaimed that the 
deaf people could be made understandable by means of written combinations of symbols, 
associating them with the things to which they referred. 
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In 1620 Juan de Pablo Bonet, a Spanish priest and pioneer of the deaf education, published 
the book “Reduccion de las letras y el Arte de enseñar á hablar a los Mudos” (Summary of the 
letters and the Art of teaching speech to the mute), considered as the first modern treatise on 
Phonetics and Speech therapy, which proposed an oral teaching methods of deaf through the 
use of alphabetical signs with hands. This manual alphabet was disclosed first in all over 
Europe, and later throughout the world, useful for improving the communication of deaf and 
mute people. In this book appears an alphabet illustrated by engraving signs of hands that 
represent letters of the Latin alphabet (Figure 1).  

From the Bonet’s book, translations were made to the main languages of culture. On the 
basis of the published alphabet, Charles-Michel de l'Épée, a French philanthropic educator 
known as the “Father of the deaf”, published in 18th century his alphabet, which is basically the 
one that has reached the present time, being internationally known as a Spanish manual 
alphabet. 

 

 

Figure 1. Engravings by Diego Astor in the Bonet’s book 
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Modern sign languages, like oral languages, are united to the universal process of 
linguistic change, which causes them to evolve over time, and eventually same language can 
evolve in different places towards other varieties. Therefore, many of modern sign languages 
can be classified into families. Some examples are: 

• Signal languages originated in the old Kent sign language, used during 17th century, 
which gave rise to that used in Massachusetts, and which had a significant influence on 
American Sign Language. 

 
• Languages originated in the old French sign language: they date back to the standard 

forms of sign languages used in Spain, Italy and France since 18th century in the deaf 
education. In particular, the old French sign language was developed in Paris by the 
efforts of Charles Michel de l'Épée, and in modern times has given rise to others, such as 
Spanish sign language (LSE), Mexican (LSM), the modern French sign language (LSF), 
the Italian language (LIS), the Irish sign language (IRSL) and the Iberian sign languages, 
which also show similarities, because Spanish educators of deaf in 19th century. They 
formed in the National Institute of the Deaf-Mutes of Paris, deriving from two or three 
different languages with a certain mutual intelligibility: Spanish, Catalan (LSC) and 
Valencian (LSCV). 

 
• Languages originated in the British Sign Language (BSL), which was diversified during 

19th century, giving rise to the Australian (AUSLAN), New Zealand (NZSL) and 
Northern Ireland sign language (NIRSL). 

 
• Those originated in the German Sign Language (DGS), which is linked to the German 

(DSGS), Austrian (ÖGS) and probably Israeli (ISL) sign language. 
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1.2 American	sign	language	

American Sign Language is the sign language for the American English language used in 
the United States, northern Mexico and the English-speaking area of Canada. It should be noted 
that it is also used in conjunction with indigenous sign languages in parts of Asia and Africa. 
On the other hand, although the United Kingdom and United States share the English language 
as spoken and written language, the ASL origin is totally independent of the British sign 
language.   

One of the most important facts of his history was in 1817, when Thomas Gallaudet, a 
renowned American pioneer in the education of the deaf, opened a school of deaf in Connecticut 
(United States) where it laid bases for the ASL, taking as reference the French sign language 
and some signs used by the Indians tribes of North America. Other important character for ASL 
history was William Stokoe, an American linguist, who described in 1965 a precise grammar 
for American sign language in the book "A Dictionary of American Sign Language on 
Linguistic Principles" (Figure 2).  

 

 
Figure  2. ASL alphabet 
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2. THEORY	

This part of the project will explain the main concepts about the digital image type, 
processing and treatment of two-dimensional signals. 

Once introduced the theoretical concepts needed, other types of recognition systems will 
be discussed. Finally, the chosen method will be explained and the most important parts of the 
algorithm developed will be analyzed. 

2.1 Human	Visual	System	

The human eye is sensitive to the radiation contained in a small frequency band of the 
electromagnetic spectrum (from 380 nm to 780 nm) and each color is represented by a 
wavelength within this range. For the perception of colors, the human eye has two types of 
sensors that are called photo-receptor cells. These cells are divided into cones and rods, the first 
of which are sensitive in different proportions to colors, red 65%, green 33% and blue 2%, 
whereas rods have a less selective but more sensitive in regard to spectral response, as is the 
case of night vision. In this way, the human eye perceives stimuli of 3 colors by cones action, 
which act as a filter bank of stimuli that reach the human eye and finally, color sensation is the 
additive response of these 3 signals. 

An image is the visual representation of an object and is defined as a two-dimensional 
function f (x, y), where "x" and "y" are spatial coordinates and the amplitude f in a pair of 
coordinates (x, y) that it is called intensity or gray level of the image at that point. When the 
values of "x" and "y", as well as the amplitude f are finite and discrete quantities it can be said 
that it is a digital image, whose expression is shown in the following equation 1: 

 

! ", $ =

! 0,0 ! 0,1 … ! 0,) − 1
! 1,0 ! 1,1 … ! 1,) − 1
… … … …

! + − 1,0 ! + − 1,1 … ! + − 1,) − 1

       (1) 

 

Where the left part of the matrix shows a digital image by definition, while on the right 
side of the matrix are the elements of the image called pixels, where M are the rows and N the 
columns of the matrix. A pixel can be defined as the smallest of the homogeneous color units 
that make up a digital type image, the pixels are represented by bitmaps according to Figure 3: 
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Figure  3. Image with the values of each pixel 

These bitmaps include pixels that are encoded by a bits group of a given length. The pixel 
encoding will determine the number of color variations that the image can display. In Table 1 
you can see the different qualities that digital images have: 

 

Table 1. Quality of images in bits 

Bit quality Quality in number of colors 
8 bits 28 colors 
24 bits 224colors 
48 bits 248colors 

 

On the other hand, the process of digitizing an image consists of the acquisition that is 
normally performed by digital cameras based on CCD or CMOS sensors. Once image is 
acquired, the digitization process occurs in which it is sampled (spatial discretization) and the 
analog signal is quantized (amplitude discretization). This sampling and quantification limit 
resolution and quality of the image respectively. 

The human eye retains an image approximately 1/16 of a second when it captures an 
image, so that if multiple sequential images are presented to the human eye in a suitable time 
interval (between 15 and 50 images per second prevents flicker and discontinuity in video 
sequences), the brain associates them as a single moving image. Since a video signal is formed 
by a sequence of static images, it is possible to perform the processing of a video signal by 
processing a certain amount of signal images per second. 

Therefore, the human eye can be considered as a Linear and Time Invariant system (LTI). 
To do this you must know two very important concepts: 
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• Impulse response: it is a function that describes the behavior in time of a system, in our 
case the eye system. Once the impulse response is obtained, convolution of the function 
obtained with any other function is performed in order to observe and know the system 
response to this new function. 

 
• Transfer function: this function describes the system in frequency domain, and is the 

Fourier transform of the impulse response. The eye can be modeled as a system that 
modifies functions and which depends on three variables, two spatial and one temporal. 
The response can be represented as a function that also depends on three variables, two 
spatial and one temporal. 

2.1.1 Binary	images	

In this type of image, the pixels can be white or black. There are only two possible values, 
1 for white and 0 for black. These are very efficient in terms of storage. 

The binary images representation is useful for texts, forms and architectural plans, such 
as Figure 4. 

 

Figure 4. Binary image (left) and pixels values (right) 

2.1.2 Grayscale	images	

A grayscale image, also called a monochromatic scale, is that matrix of M x N whose 
pixels have information of gray intensity, these values are between 0 (black) and 255 (white). 
These images are very common in x-rays and printed text. In the Figure 5, a greyscale image 
and the values of its pixels are displayed. 
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         Figure  5. Grayscale Image (left) and pixel values (right) 

To define a color we have 3 characteristics: hue (current color), value (brightness or 
darkening) and saturation (color purity). Therefore, the conversion process of a color image to 
a grayscale image is not done in a unique way, it is about retaining the luminosity information 
and rejecting the hue and saturation values. Taking into account that the colors, red (R), green 
(G) and blue (B) are signals of luminosity, the approximation of a grayscale image from a color 
image is given by formula 2, where ‘0’ is the value of less intensity, referring to the black color 
and ‘1’ is the value of greater luminosity or the white color. 

																						-./0 = 0,30 ∗ . + 0,59 ∗ - + (0,11 ∗ 7)                                                   (2)  

2.1.3 RGB	images	

An RGB image is defined as a combination of 3 matrices M x N pixels, where each pixel 
corresponds to the red, green and blue components of a color image. The main purpose of the 
RGB model is the representation and images display in electronic devices such as televisions, 
computers, cell phones; the Figure 6 shows an example of RGB image. 

 

Figure  6. RGB image(above) and pixel values(below) 
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 The RGB model can be seen as a stack of 3 images in scale of intensities that when 
displayed by a color monitor (which has 3 color inputs, red, green and blue) represent a color 
image as perceived by a being human. The colors, red, green and blue are known as the primary 
colors, and the combination of these at different intensities produces colors of the visible human 
spectrum. In the Figure 7, you can see the Electromagnetic spectrum also called Maxwell 
rainbow, where the spectrum center shows wavelenghts of the visible light. 

 

 

2.1.4 Indexed	images	

This type of images is a practical and limited way of representing color images. An 
indexed image stores an image as two arrays; the first one has the same size as the image and 
one number for each pixel; the second matrix is called color map and its size corresponds to the 
number of colors that you want the new image to have (Figure 8). This technique is used to 
save computer memory, compress images and achieve an improvement in sample time. The 
image information changes from being stored in three matrices of M x N, used in the RGB 
format, to only one matrix of M x N of the image information and an array of m x 3, where m 
is the color map number that you want to use. 

  

Figure  7. Electromagnetic spectrum and visible light 



Development	of	a	System	for	Recognizing	Finger	Spelling	Sequences	|	Álvaro	Guijarro	Casado	
 

 15	

 

Figure  8. Indexed Image(left), indexes(centre) and Colour Map values (right) 

The advantages of using this technique are not only limited to memory saving, image 
compression and improved transmission times or display of color images. However, it can also 
be useful in applications that want to delete details of an image, this is achieved by reducing 
the tones number of the color map to group all tones that are within a range to a single color 
defined. 

2.2 Digital	Image	Processing	

The field responsible for the processing of digital images by means of a digital computer 
is the Digital Image Processing (DIP). Most of the digital image processing techniques act by 
treating the image as a 2 Dimensional (2D) signal and then applying standard 1 dimensional 
(1D) signal processing techniques. Within the most common processing operations are found 
geometric transformations (reduction, rotation, elongation), color corrections (brightness and 
contrast adjustments), image alignment, segmentation, interpolation and recognition of patterns 
or characteristics in an image [2]. 

The development of technology in the fields of image acquisition and more efficient 
calculation systems have allowed DIP applications to extend into a wide range of areas such as 
medical applications, remote monitoring, object recognition, computer vision, manipulation of 
photos and military applications.  

 The steps and concepts necessary for the processing of digital images are explained 
below. In the Figure 9, the main stages of the processing for any digital image can be seen: 
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Figure  9. Digital Image Processing Steps 

2.2.1 Segmentation	

Segment is dividing the image into regions of interest, create a medium level visual 
description. In the project, this concept will be used to differentiate hand and finger edges from 
the background in which the hand is projected. There are many types of segmenatción, 
therefore, will be explained the most important used in Matlab: 

• Hough transform:  this transform determine location of parameterized curves within an 
image. The input to this algorithm is a binary image, where the pixels representing the 
edges are labeled with ‘1’ level and the background is placed with ‘0’ level. Once the 
transformation is done, the lines selection will depend on the threshold placed on the 
votes. Hough transform makes the parametric space a grid of votes; for each selected 
pixel gives a few votes to each cell chosen according to the variation of normal angle on 
the line, θ. Only those lines that exceed this threshold will be valid. For image edge 
detection are usually used approximations with derivatives, there are four important 
detectors: Canny, Roberts, Prewitt and Sobel (Figure 10).  

 

IMAGE CAPTURE

• Design of the capture properties. Type of Camera, 
distance to the object, mega pixels, etc.

PRE-PROCESSING

• Reduce elements that are not of interest such as 
background and noise.

SEGMENTATION

• Recognize and extract each object in the image.

EXTRACTION	OF	
FEATURES

• Select and extract appropriate features for the 
identification of the desired objects.

OBJECTS	
IDENTIFICATION

• Use a decision-making model for deciding to which 
category belongs each object 
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             Figure  10. Edge detection by the matlab function edge (image, method) 

• Thresholding: It is to define a threshold, so that it separates objects of interest from the 
background. For its application requires a clear difference between objects and 
background of the scene. The most commonly used technique is segmentation by 
histogram analysis. When a histogram has two peaks and between them there is a valley, 
the threshold will be fixed by the valley position (Figure 11). The pixels of the objects 
will be assigned ‘1’ and the background ‘0’, being the image binarized. For the threshold 
detection are used statistical methods such as Otsu and continuous variance. 

 

 

Figure  11. Example of a project about histogram thresholding 
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• Region oriented segmentation: These techniques are oriented to the rules of similarity 
and the connectivity of pixels. The regions are formed by pixels that have connectivity 
and have some property of similarity and discrepancy with respect to the rest of the pixels 
that do not belong to the region. The first technique to experiment is based on the growth 
of regions. A central pixel (seed) is chosen from the region to be obtained and the rule of 
similarity is applied to their neighbors. Those pixels that meet the rule will be added to 
the growing region. On these new pixels added will apply again the rule of similarity to 
their neighbors. An algorithm that implements this technique usually stops when 
neighboring pixels in the growing region do not meet the rule of similarity, this rule has 
to fulfill that the difference in the gray level of the pixel to be studied and the brightness 
of the growing region be smaller than a certain threshold (Figure 12). 

 

 
              Figure  12. Example of segmentation in growing region 

 

• Split and merge technique and quaternary trees (quadtree): Instead of using 
reference pixels (seed) for the growth of regions, another technique consists of 
decomposing the image into arbitrary regions, so that if the region is very discrepant with 
some type of rule it will split, otherwise, it will seek to merge with adjacent regions. For 
the splitting of image in arbitrary regions are often used  quaternary trees. The image is 
taken and divided into four equal rectangles. Each region is analyzed, if this one is very 
discrepant it is divided into another four, generating a quaternary tree (Figure 13). 
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             Figure  13. Demo in Matlab of Quadtree descomposition 

 
The division and fusion segmentation of regions analyzes each subregion generated by the 
quaternary tree, which has divided the image into homogeneous regions at different 
resolutions. Once the image is divided, the merging of adjacent regions will be performed 
using growth regions techniques to obtain the final image (Figure 14). 

 

 

              Figure  14. Image labeled (left) and Image split and merge technique(right) 
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2.2.2 Extraction	of	features	

Once the image has been segmented with contours, the next step is to extract features. 
This step consists in finding values that allow us to differentiate one image from another, in our 
case we can decide what is the sign of the input image. The values to be calculated can be:  

• Number of columns. 
• Number of rows. 
• Image scale. 
• Image rotation. 
• Descriptors (Points of interest in the image). 

These values are the image features and are usually stored in vector form. One of the 
important parameters in the project algorithm is the descriptors, because they will store 
keypoints of the image such as central point. 

2.3 Other	methods	in	recognition	systems	

2.3.1 Face	recognition	

Facial recognition systems are applications running in computers that automatically 
identify a person in a digital image. This is possible by analyzing the facial features of the 
human extracted from an image or a keyframe of a video, and comparing them to a database. 

There are two types of problems in facial recognition: the geometric (based on facial 
features) and photometric (based on the visual) [10]. To solve these problems many different 
algorithms were developed, the most important are the following ones: 

• Principal component Analysis (PCA): This technique based on Eigenfaces, a 
mathematical method based on eigen-vectors that are derived from the covariance matrix 
of probability distribution on the high dimensional vector space of face images. With 
PCA, the exploration and image gallery must be the same size and should be pre-
normalized to align the human eyes and mouths in the images. The PCA approach is used 
to reduce data size by means of data compression fundamentals and reveals the most 
effective low dimensional structure of facial patterns. This reduction in dimensions 
removes information that is not useful and precisely decomposes facial structure into 
orthogonal (non-correlative) components known as Eigenfaces. Each facial image can be 
represented as a weighted sum (feature vector) of eigenfaces, which are stored in a 1D 
set. A probing image is compared to an image gallery by measuring the distance between 
their respective feature vectors. PCA typically requires the full face in front view to be 
presented each time, otherwise, the image will give a low performance result. The main 
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advantage of this technique is that it can reduce the data needed to identify person to 
1/1000 of presented data. An example of PCA probing process is Figure 15. 

 

              Figure  15. Example of Eigenfaces test 

• Linear Discriminant Analysis (LDA): LDA is a statistical approach to classifying 
samples of unknown faces classes based on training examples with known faces classes. 
The main goal is to maximize the variance between classes (between users) and minimize 
the variance of each class (from each user). In Figure 16, where each block represents a 
class, there are large variations between classes, but small in each class. When dealing 
with high dimensional facial data, this technique addresses the problem of small-sized 
samples that arise where there are a small number of training examples compared to the 
size of sample space. 

 

 

Figure  16. Example of six classes uisg LDA 

• Elastic Bunch Graph Matching (EBGM): The algorithm takes into account that the 
actual facial images have many nonlinear features that are not treated in previous linear 
methods of analysis, such as variations in illumination (Exterior vs. Interior Fluorescent), 
posture (Frontal vs. Sloped) and expression (Smile vs. Frown). A Gabor transformation 
is used to create a dynamic link architecture that projects the face onto an elastic template. 
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Gabor Jet is a node in the elastic template, represented by circles as shows in Figure 17. 
Which describes the image behavior  around a pixel. This is the result of a convolution 
of the image with a Gabor filter, which is used to detect shapes and extract features using 
image processing. The recognition is based on the similarity of Gabor filter response to 
each Gabor node. The difficulty with this method is the requirement of precise reference 
point location which can sometimes be achieved by combining PCA and LDA methods. 

 
Figure  17. Example of EBGM 

Nowadays, the combination of these algorithms are leading to the creation of software on 
computers and photography apps for facial recognition in smartphones, such as OpenFace or 
FindFace. 

2.3.2 License	plate	recognition	

The Automatic Number Plate Recognition (ANPR) is a vigilance method that uses 
Optical Character Recognition (OCR) technology in images to read vehicle license plates. They 
can use the existing closed TV circuit, radars or ones designed specifically for that task [11]. It 
has multiple uses such as: vehicle control by the police (Figure 18), method of electronic toll 
collection on payment highways, vigilance of traffic activity in the city, access control to a  
parking. 

 

         Figure  18. Police vigilance by a ANPR technology 
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The ANPR can be used to store the images captured by cameras, as well as the license 
plate text and some can be configured to store a photograph of the driver. These systems often 
use infrared illumination for taking pictures at any time of the day through cameras. ANPR 
technology tends to be specific for each region due to the variation between license plates from 
one place to another. 

The software runs on standard PC hardware and can be linked to other applications or 
databases. It first uses several image manipulation techniques to detect, normalize and enhance 
the number plate image, and finally relays the optical character recognition to extract 
alphanumeric from license plate. ANPR / ALPR systems can be used in two ways; one allows 
the process to be performed in its entirety at the place of capture in real time, while the other 
transmits all the images from many cameras to a remote computer where the OCR process is 
performed later. One of the disadvantages about these systems is misidentification. However, 
as they have been developed, these systems have become much more accurate and reliable. 

The main algorithms that the software needs to identify a license plate are the following 
ones: 

1) Location: responsible for finding and isolating the license plate in an image. 
2) Orientation and size: compensates for the angles that make the license plate appear bent 

and adjust dimensions to the required size (Figure 19). 
3) Normalization: adjusts brightness and contrast of image (Figure 19). 
4) Segmentation of characters: find the different characters present in the license plate 

(Figure 19). 
5) Optical Character Recognition. 
6) Syntax and geometric analysis: check the characters found and their positions with the 

specific rules of the country to which license plate belongs. 

 

                Figure  19. Steps 2, 3 and 4 for license plate recognition 

The complexity of each subdivisions in the program determines the system accuracy. 
During the normalization phase, some systems use edge detection techniques to increase the 
difference in the image between letters and background of the plate. A medium point digital 
filter can also be used to reduce visual noise in the image. Depending on the final purpose, there 
is a wide variety of camera types for the license plate recognition. 
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2.3.3 Kinect	

The Kinect sensor is a device launched in November 2010 by Microsoft, mainly oriented 
at the video game industry, specifically as a peripheral of the Xbox 360 video game console 
from Microsoft. Its main innovation is that it allows users to control and interact with the 
console without having to play any game controller physically, through a natural user interface 
based on gestures and voice commands. The latest version of the device is shown in Figure 20. 

 

Figure  20. Kinect sensor 

As can be seen in Figure 20, the main elements that make up the device are: an RGB 
camera at 640x480 (VGA) resolutions and 1280 x 1024 pixels depth sensor (IR projector + IR 
camera) at 640 x 480 resolutions, 320 x 240 (QVGA) and 80 x 60 pixels; a motor to control the 
inclination of the device and an array of four microphones distributed along the sensor. 

In particular, the device is able to detect the face of a player to perform an apparently 
simple task, such as recognizing each participant when he changes position or modifies his 
gestures, regardless of the light conditions, proximity or distance of the lens. With the release 
of Kinect codes to the scientific community, a new range of uses has been born for facial and 
movement capture [12]. Between the most important applications include: 

• Application in hospitals: as can be TedCas, an application for use in chiropractic tasks, 
where sterility is a necessary condition, thanks to the application, surgeon with gestures 
can access the patient's history, record the operation and multiple uses for the opearting 
room preparation. 

• Therapeutic applications: neurorehabilitation for patients with acquired brain damage. 
Make specific sessions for each patient with a motor and cognitive rehabilitation, thus, 
improving coordination of movements. In other cases, it is also used for patients with 
Alzheimer's disease and multiple sclerosis. 

• Sign Language Applications: There is a beta software version for detection in real time 
the North American and Chinese sign language based on the use of Kinect and Bing's 
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translation services. To achieve this, the solution uses the body movement tracking 
capabilities offered by Kinect, as well as the ability of the sensor to produce a 3D depth 
map. Integrating this information with a software development oriented to the recognition 
of movement patterns, it is possible to translate the gestures to text. 

The potential of this device is in facial recognition software. With it any control for the 
management of games and applications disappears, and is replaced by the body itself. In order 
for Kinect to recognize each person, just have to stand in front of him, and tell him to keep the 
data for both body and face dimensions. 

The RGB camera detects visible light and follows the movements of the player or patient. 
The IR projector sends bouncing rays into objects in the room and the IR camera creates a play 
space that is played on the screen. In Figure 21 shows how the integration of all elements of the 
sensor works, seeing the parts that are always used and the optional parts for specific uses. 

 

 

Figure  21. How its 3D body tracking works 
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2.4 Point	Pattern	Matching	algorithm	

The hand recognition system recognizes the 26 static ASL alphabet gestures in real time. 
It takes pictures of hand gestures and performs a process based on patterns of points similarity. 
These points are the key of the image, which are points located in the regions of high contrast, 
these are calculated from the algorithm of coincidence for point patterns [5]. 

The designed model combines point pattern matching and the Scale Invariant Feature 
Transformation (SIFT) algorithm because results are obtained fast and in a simple way. The 
matching of point patterns is the assignment of some type of output value to a given input value, 
according to the specific algorithm. The algorithm looks for exact matches in the features 
extraction of input image and then compares them with the features of patterns images. In 
Figure 22 shows the general operation of the recognition system. 

	

Figure  22. How Hand gesture recognition works 

 

As shown in the above diagram, the first step is to take an input image (Test image), this 
image will go through the transformation of SIFT algorithm, which will get the principal 
features of the input image and save it in a vector. Once the feature vector is obtained with the 
keypoints of the input image, this is compared to another feature vector but a image that comes 
from the database (Pattern image). Finally, this vector comparison step is performed with the 
point pattern matching algorithm. 

The hand gesture recognition system needs to match two sets of points in space, this is 
because the processed images are feature vectors extracted from pixels’ subsets of the original 
image. Therefore, point pattern matching is the best solution to see if there is a match between 
images. 

And now, in Figure 23 shows a block diagram for the combination of all system functions: 
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Figure  23. Block diagram of the algorithm 

 

The pattern matching algorithm has the following steps: 

• Forms the database with all images of the ASL gestures. 
• Enter the input image (Test Image). 
• Make a pre-process of this image. 
• Initializes the parameters disRatio=0.65 y threshold=0.35. 
• Run the SIFT algorithm to get matches. 
• Matching points begins by running on the border. It obtains the keypoint paired between 

the test image and all the images of the database, after which the validity relation is 
obtained. 

• Makes a check if more than one result is obtained or not. In case of obtaining more than 
one result, the SIFT parameters are incremented (disRatio in 0.05 and the threshold in 
0.005) and this function is repeated, that is to say, the last 3 are repeated. 

• The moment in which a single result is found will be displayed and the execution will 
end. 
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3. SOLUTION	

3.1 	Implementation	of	Point	Pattern	Matching	

In the implementation of the whole designed system for hand gesture recognition, it is 
necessary to differentiate the parts in which the algorithm is divided. The first part of the 
algorithm is responsible for taking both, the input image and the database image, and do the 
processing mentioned in the previous epigraph. After that, the second part of the algorithm 
begins, executing the point pattern matching algorithm by comparing test image with all images 
in the database and outputs of the equivalent ASCII representation. The two types of system 
algorithms are explained below. 

3.1.1 SIFT	algorithm	

The interesting points of an object in an image are extracted to provide a feature 
description of that object. This description is extracted from a test image and is useful for 
locating and identifying the object in another test image that contains other objects. In order for 
this recognition process to be accurate and reliable, features of the test images must be 
detectable although there are changes in the image scale, luminosity and noise [3]. In addition, 
the relative positions between them in the original image should not change from one image to 
another. 

The SIFT algorithm is mainly responsible for detecting and using a large number of 
features in the images, therefore, this minimizes errors caused by the local variations in the 
average error of all coincidence errors in the features [4]. This algorithm consists of the 
following steps: 

1) Construct a scale space: In the first step of SIFT, it generates several octaves of the 
original image. Each octave's image size is half the previous one. The number of octaves 
and scale depends on the original images size. During SIFT programming, it is neccesary 
to decide how many octaves and scales you want. However, the first version of SIFT 
suggests that 4 octaves and 5 blur levels are ideal for the algorithm. For example, if the 
original image is doubled in size and antialiased a bit, then the algorithm produces 
keypoints four times more (Figure 24). 
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Figure  24. Vertcial images of the same size form an octave (5 images)  

      Within an octave, images are progressively blurred using the Gaussian Blur operator. 
Mathematically, "blurring" is referred to as the convolution of gaussian operator and the 
image. Gaussian blur has a particular expression or "operator" that is applied to each 
pixel. Whose result is the blurred image by the following math equation 3: 
 

9 ", $, σ = G x, y, σ ∗ I x, y 			where				- ", $, σ = C

DEFG
H
IJGKLG

GMG                  (3)	

 
 L - Blurred image 
 G - Gaussian Blur operator in two dimensions 
 I - An image 
 x, y - Location coordinates 
 σ - Scale parameter, the amount of blur. Greater the value, greater the blur. 
 * - Convolution operation in x and y. It applies Gaussian Blur G onto the image 

I. 
 

2) Laplacian of Gaussian (LoG) approximations: In the previous step, the idea was to 
blur an image progressively, shrink it, blur the small image progressively and so on. Now, 
it uses those blurred images to generate another set of images, the Difference of Gaussians 
(DoG) images. These DoG images are a great for finding out interesting keypoints in the 
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image. Specifically, an image is taken and blur it a little. Then, it is calculated second 
order derivatives (Laplacian) on it. This locates edges and corners on the image. These 
edges and corners are good for finding keypoints. To generate LoG images quickly, it is 
used the scale space for calculating the difference between two consecutive scales or DoG 
(Figure 25). 
 

 

         Figure  25. Difference between two scales (left) and LoG example(rigth)  

 
3) Find the key points: This step is divided in two different steps more. The first step is to 

locate the maximum and minimum in DoG images. It is iterated through each pixel and 
checked all its neighbours. The check is done within current image, and also the one 
above and below it (Figure 26). 
 

 

              Figure  26. Current pixel and its neighbours (left) and maximum/minimum pixels (rigth) 
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      In the example above, X means the current pixel. The green circles mark the neighbours. 
Therefore, a total of 26 checks are made. X is marked as a keypoint if it is the greatest or 
least of all 26 neighbours. 

      Usually, a non-maxima or non-minima position will not have to go through all 26 checks. 
A few initial checks will usually sufficient to discard it. 

      Once this is done, the marked points are the approximate maximum and minimum. Just 
are approximate because the maximum/minimum almost never lie exactly on a pixel. It 
lies somewhere between the pixel, but it has not access data between pixels. So the second 
step, it is mathematically locate the subpixel location by the Taylor expansion of image 
around the approximate keypoint (equation 4): 

 

N " = N + OPQ

OR
" + C

D
"S O

GP

ORG
"                                   (4) 

 
      It is very easy to find the extreme points of this equation (differentiate and equate to zero). 

On solving, it will get subpixel keypoint locations. These subpixel values increase 
chances of matching and stability of the algorithm. 

 
4) Remove low contrast key points: In this step, the keypoints number are reduced because 

it is removed low contrast features and edges. For removing keypoints features, if the 
magnitude of intensity at the current pixel in the DoG image (that is being checked for 
minimum/maximum) is less than a certain value, it is rejected. It occurs the same in the 
subpixel keypoints by using the Taylor expansion, to get the intensity value at these 
locations.  

      On the other hand, for removing edges, the idea is to calculate two gradients at the 
keypoint, both perpendicular to each other. Based on the image around the keypoint, three 
possibilities exist. The image around keypoint can be: a flat region (both gradients will 
be small), an edge (the perpendicular one to the edge gradient will be big and the other 
one along the edge will be small) and a corner (both gradients will be big). 

      Corners are great keypoints, if both gradients are big enough, it is accepted as a keypoint. 
Otherwise, it is rejected. Mathematically, this is achieved by the Hessian Matrix in the 
next expression 5. Using this matrix, it is easily to check if a point is a corner or not. 

 

T =
N"" N"$
N"$ N$$                                                 (5) 

 
      In SIFT, efficiency is increased by just calculating the ratio of these two eigenvalues. 

You never need to calculate the actual eigenvalues.  
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5) Assign orientation to key points: The main goal is to collect gradient directions and 
magnitudes around each keypoint. Then, it is calculated the most prominent orientations 
in that region. And we assign these orientations to the keypoint. 

      Any later calculations are done relative to this orientation. This ensures rotation 
invariance. 

	

Figure  27. Examples of gradient magnitudes and orientations 

 

      Gradient magnitudes and orientations are calculated using the formulas 6 and 7: 
 

								U ", $ = (9 " + 1, $ − 9 " − 1, $ )D + (9 ", $ + 1 − 9 ", $ − 1 )D                   (6) 

 

																									V ", $ = WXYZC([ R,\]C Z[ R,\ZC

[ R]C,\ Z[ RZC,\
)                                                    (7) 

 
      The magnitude ‘m’ and orientation ‘V’ is calculated for all pixels around the keypoint. 

Therefore, a histogram is created for this. The most prominent gradient orientations are 
identified. If there is only one peak, it is assigned to the keypoint. If there are multiple 
histogram peaks above the 80% mark, they are all converted into a new keypoint (with 
their respective orientations). 

 
6) Generates feature vectors: It is taken a 16x16 window of intermediates pixels around 

the keypoint. Later, it is splited that window into sixteen 4x4 windows. From each 4x4 
window it is generated a histogram of 8 bins. Each bin corresponding to 0-44 degrees, 
45-89 degrees, etc. Gradient orientations from the 4x4 are put into these bins. This is done 
for all 4x4 blocks. Finally, it is normalized the 128 values that you get. 
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                Figure  28. 16x16 window around the keypoint (left) and 128 dimensional vector (rigth) 

      To solve a few problems, it is subtracted the keypoint's orientation and also threshold the 
value of each element for the feature vector to 0.2 (the vector is normalized again). 

 

 

Figure  29. Example of assigning orientation around the keypoint 

During program execution, the match pattern algorithm called match uses the SIFT 
algorithm to find the image keypoints. These keypoints are Scalar's invariant features located 
near the high contrast regions of the image, which can be used to distinguish them. In the match 
algorithm, Image-1 and Image-2 are taken as two images to match. In our case, the first image 
is one of the images in the database (pattern) and the second is the input image (query). In the 
first implementation of the algorithm, the disRatio parameter was established as a constant but 
in order to have recursion in our algorithm it became a variable parameter with the threshold 
for the algorithm MK-RoD. 

At the end of the call to the SIFT algorithm (within the match function) we obtain the 
keypoints, combination of descriptors and location in the given image, whose output parameters 
are as follows: 

• Image: The matrix of the image in double format. 
• Descriptors: A K-by-128 matrix, where each row gives an invariant descriptor for one 

of the K-keypoints. The descriptor is a vector of 128 normalized values to the unit length. 
• Locs (loc): matrix K-by-4, where each row has the 4 values for a key point location (row, 

column, scale, orientation). The orientation is in the range [-π,π] radians. 
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3.1.2 MK-RoD	algorithm	

The MK-RoD algorithm is used to obtain the validity relation. In Figure 3.1.2 shows the 
operation in the algorithm to see the relation between two images: 

 

Figure 3.1.2 Example of MK-RoD algorithm 

C - Central points. 

D – Distance mask. 

T - Number of test image to match. 

M - Number of coincident points, with 1, 2, 3 being the keypoints. 

To find the validity relation between a database image and an input image, the following 
steps must be applied: 

1)	^SC = ^_C

`

_aC

 

2)	^SD = ^_D

`

_aC

 

3)	.XWcde	1 =
^CC
^SC

	
^DC
^SC

^fC
^SC

 

4)	.XWcde	2 =
^CD
^SD

	
^DD
^SD

^fD
^SD

 

5)	NceWXYhH	+Xei = Xje .XWcde	1 − .XWcde	2 < [+m	.dN	nℎpHeℎdq^	rXqsH] 

6)	rXqc^	vdcYWe = esU(NceWXYhH	+Xei) 

7)	rXqc^cW$	.XWcd = 	
)sUjHp	d!	rXqc^	vdcYWe

)sUjHp	d!	+XWhℎH^	vdcYWe
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Once we have the validity relation, distances are masked by taking the absolute value of 
the subtraction between them, whose value is always below the threshold variable of the 
algorithm. This operation determines how similar the images are from the center of the 
coincident key points. Finally, the absolute values of the points difference that are below the 
threshold will be the valid keypoints. 

3.2 Simulation	part	

For testing the algorithm, it has been created the database images (Database folder) that 
we can see in the Table 2, which contains 26 signs for ASL alphabet. These images are 
combined with the test images (Test folder). In this case, each test sign has two versions:  

• The first version consists in images with black background 
• The second version of test images are signs with color corrections and rotation in the 

hand 

These modifications are done by the photographic programs Photoshop and InfranView. 
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Table 2. Database images for recognize ASL signs 
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Then, it is shown a recognition example of letter A. For a better understanding of 
matching process, it is necessary to compare the test image of letter A with all the database 
images. The first step is that SIFT function show the keypoints on the first database image that 
corresponds to letter A as you can see in Figure 30, most of the keypoints are located perfectly 
at finger edges and outline of the hand: 

 

 
           Figure  30. SIFT Keypoints on letter A of the database (1.jpg)  

 
The second step is the same that the first one but with the test image, in this case, the 

input image corresponds with the second version of letter A because is colored and rotated 
(Figure 31), otherwise being the image with black background and changed the skin tone, have 
more keypoints and also determine the wrist edges: 

 

 
Figure  31. SIFT keypoints on letter A of the test folder (a2.jpg) 
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In the third step, it is performed by match function and therefore MK-RoD algorithm 
too, in which the validity relation between the A image of the database and the A test image is 
obtained. In the figure 32, you can see the comparison of the matching points between them, 
matches are represented with a green circle and the center points of each image with a blue 
cross. 

 
Figure  32. Matched points database image (1.jpg) vs test image (a2.jpg) 

The following steps is to repeat the previous ones, but comparing and querying with all 
images in the database. In the following Figures 33 and 34, it can be seen the query between 
the A test image and the letters B and C of the database. 

 
Figure  33. Matched points database image (2.jpg) vs test image (a2.jpg)  
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Figure  34. SIFT Keypoints on letter C of the database (3.jpg)  

Finally, after comparing with all images in the database, the algorithm chooses a 
maximum of the 3 best candidates, those that have 3 matches or more, in case they do not fulfill 
this condition these images will be discarded as possible result. On the other hand, if there are 
2 images or more that fulfill this condition, the algorithm will perform a second check to choose 
one of the candidates and thus obtain the final result. For example, in the Figure 35 it can be 
seen the command window in Matlab for the first check in the function. 

 

Figure  35. Command window for recognising test image with letter A 

In this example, it would not be necessary to make the second check because the only one 
that has more than two matches is the letter A of the database with 21 matches versus 2 matches 
with the database image of letter B and no match with the image of letter C. 
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3.3 Results	

Once the simulation of all the test images against the database images has been carried 
out, the following examples of sign recognition can be observed: 

• Recognition of a hand with the different represented sign: in the Figure 36, you can 
see the sign of A with a total different hand because the little finger varies its position 
with respect to the database image, so in this finger area will appear a lot of new 
keypoints. In this type of case, the rate of recognition is very low due to the SIFT 
algorithm give a lot of different keypoints between images, therefore the matched points 
number decrease. 

 
Figure  36. Recognition of A sign (a1.jpg) 

• Recognition of a hand with black background: this occurs in Figure 37; the F sign is 
represented identically but with the background in black.  

 
Figure  37. Recognition of F sign with black background (f1.jpg) 
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• Recognition of a hand with black background, different tone and orientation: The 
following figures show the recognition of two signs with different colors and rotations, 
such as the letter F in a blue tone with a rotation of 90 degrees to the right (Figure 38) 
and the letter W in a purple tone and a rotation of 90 degrees to the left (Figure 39). This 
type of test images also creates errors because changing the skin tone may appear new 
keypoints and rotation may confuse the orientation of these points. In spite of everything, 
the recognition ratio is also quite high.  
 

 
Figure  38. Recognition of F sign colored and rotated (f2.jpg) 

 

 
Figure  39. Recognition of W sign colored and rotated (w2.jpg) 
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Another result that has been obtained after all the tests, is the Table 3 and Graph 1 with 
the comparison of the keypoints number between the three types of images processed: 

 

Table 3. Keypoints number between image types 

		 Normal	images	 Colored	and	rotated	

images	

Database	images	

A	 85	 180	 176	
B	 185	 256	 122	
C	 113	 128	 138	
D	 169	 181	 176	
E	 116	 107	 134	
F	 133	 152	 183	
G	 81	 86	 102	
H	 96	 94	 125	
I	 108	 97	 123	
J	 82	 82	 77	
K	 123	 133	 119	
L	 101	 117	 102	
M	 131	 134	 140	
N	 126	 129	 136	
O	 102	 111	 139	
P	 124	 129	 123	
Q	 79	 84	 89	
R	 150	 148	 142	
S	 106	 108	 125	
T	 92	 93	 110	
U	 120	 132	 123	
V	 125	 145	 146	
W	 123	 104	 131	
X	 148	 152	 177	
Y	 126	 133	 162	
Z	 127	 124	 159	

TOTAL	 3071	 3339	 3479	
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Graph 1. Keypoints number between image types 

 

In view of the results, it can be said that the images that generate the greatest number of 
keypoints between each test are the images coming from the database. This is due to the color 
of the background and they do not have any type of modification as can be the rotation and 
color correction in the area of the hand. 
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The most important result to know which signs are the most problematic to recognize, it 
is represented in Table 4 and Graph 2: 

 
Table 4. Matched points number between image types 

	 Normal	images	 Colored	and	rotated	images	

A	 3	 23	
B	 48	 47	
C	 41	 29	
D	 75	 65	
E	 75	 57	
F	 40	 35	
G	 37	 23	
H	 51	 0	
I	 67	 27	
J	 39	 26	
K	 52	 51	
L	 17	 12	
M	 82	 61	
N	 73	 0	
O	 48	 40	
P	 58	 43	
Q	 46	 0	
R	 78	 59	
S	 0	 40	
T	 49	 30	
U	 63	 50	
V	 64	 0	
W	 0	 13	
X	 90	 54	
Y	 57	 0	
Z	 68	 58	

TOTAL	 1321	 843	
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Graph 2. Matched points number between image types 

 

It is observed in both representations that the most complicated signs to recognize come 
from the images with corrections of color and rotation. Unrecognized signs, which have 0 
matches, are as follows: H, N, Q, V, Y (colored and rotated images), S and W (Normal images 
with black background). 

As a last result to see the recognition rates of all the functions in the algorithm, the 
following two formulas (8 and 9) have been used: 

 

							.HhdxYcWcdY	pXWH = yz{|}~	�Ä	~}Å�ÇÉ_Ñ}Ö	_{ÜÇ}á

yz{|}~	�Ä	à}áà	_{ÜÇ}á
∗ 100%                                                   (8) 

äXqeH	.HhdxYcWcdY	pXWH = yz{|}~	�Ä	É�É	~}Å�ÇÉ_Ñ}Ö	_{ÜÇ}á

yz{|}~	�Ä	à}áà	_{ÜÇ}á
∗ 100%                                     (9) 
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Table 5. Recognition rates of images with black background 

RECOGNITION	RATES	OF	NORMAL	IMAGES	

Number	of	test	

images	

Number	of	recognized	

images	

Number	of	non-recognized	

images	

26	 24	 2	
Recognition	rate	(%)	 False	recognition	rate	(%)	 Non-match	rate	(%)	

92,3	 7,7	 0,0	

 

Table 6. Recognition rates of colored and rotated images 

RECOGNITION	RATES	OF	COLORED	AND	ROTATED	IMAGES	

Number	of	test	

images	

Number	of	recognized	

images	

Number	of	non-recognized	

images	

26	 21	 5	
Recognition	rate	(%)	 False	recognition	rate	(%)	 Non-match	rate	(%)	

80,8	 19,2	 0,0	

 

Table 7. Final recognition rates for all types of images 

RECOGNITION	RATES	OF	ALL	THE	IMAGES	

Number	of	test	

images	

Number	of	recognized	

images	

Number	of	non-recognized	

images	

52	 45	 7	
Recognition	rate	(%)	 False	recognition	rate	(%)	 Non-match	rate	(%)	

86,5	 13,5	 0,0	
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4. CONCLUSION	

The algorithm developed for hand recognition gesture is a very robust and reliable system, 
because the algorithm point pattern matching with SIFT for the features extraction make a 
perfect combination. This is demonstrated in the ratios of Tables 5, 6 and 7, which show a 
success rate for all types of images of 86.5%, a success rate for modified images of 80,8% and 
92,3 % for normal images. Based on Table 4 and Graph 2, it can be said that the system 
recognizes 100% of the signs, at least one of the two versions of each sign is recognized. 

The system recognizes gestures that have open fingers as well as gestures with closed 
fingers more effectively, having the greatest difficulty with open fingers gestures and rotated 
image, as is the case of the letters H, V and Y. It is also observed that it is necessary to use high 
quality images to avoid confusing signs that are very similar, such as M and N. 

Definitely, the final evaluation of the results is very positive for the combination of two 
databases created, pattern images and test images. 

In conclusion, the algorithm of hand gesture recognition can advance much more in the 
future because it is a project with a wide range of possibilities, among them introduce the 
webcam in the application for recognizing input gestures, mix it with Kinect technology or 
simply apply it to other sign languages. 
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