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Abstract: A continuous path performed by the hand in a period of time is considered for the
purpose of gesture recognition. Dynamic gestures recognition is a complex topic since it spans
from the conventional method of separating the hand from surrounding environment to searching
for the fingers and palm. This paper proposes a strategy of hand recognition using a PC webcam,
a segmentation technique (HS-ab which means HSV and CIELab color space), pre-processing of
images to reduce noise and a classifier such as Principle Components Analysis (PCA) for the detection
and tracking of the hand of the user. The results show that the segmentation technique HS-ab and the
method PCA are robust in the execution of the system, although there are various conditions such as
illumination, speed and precision of the movements. It is for this reason that a suitable extraction and
classification of features allows the location of the gesture. The system was tested with the database
of the training images and has a 94.74% accuracy.

Keywords: gesture; principle components analysis (PCA); recognition; technique HS-ab; training

1. Introduction

Human gestures are non-verbal corporal actions that are used to transmit information and to
express feelings. These human expressions can be done by different parts of the body; the hand is the
most versatile interaction tool, and is effective fpr general use. Gestures have been classified into two
categories: static and dynamic [1]. The static gestures refer to a particular pose of the hand without
movement, represented by only one image and the dynamic gestures refer to the movements of the
hand, represented by several images. The use of the hand gesture has become a research area in
Computer Vision (CV) that plays a very important role in the field of Human—-Computer Interaction
(HCI). The goal of HCI is to improve the interaction between users and computers in such a way
that computers are more receptive to the needs of users so that it allows humans to interact with
the computer in a natural way without any physical contact with external devices such as mouse,
keyboard, touch screen, joystick, etc.

According to Haria [2], the gesture recognition system consists of four main stages: data acquisition,
segmentation and pre-processing, feature extraction, and classification. Data Acquisition is responsible
for collecting the input data which are the images of the hand captured by RGB cameras, data gloves,
Time-Of-Flight camera (ToF) and sensors such as Kinect. Subsequently, Segmentation prepares the
image to extract the features in the next stage. Its process consists of dividing the input image into
separated regions. The most commonly used technique to determine the regions of interest is the
detection of skin color [3], which is used to get the skin pixels in the image. Skin color segmentation
can be applied on any color space HSV, YCbCr, YUV, CIELab, etc. Part of the segmentation is
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Pre-processing that is responsible for image processing subject to different pre-processing techniques
such as normalization, noise removal, edge detection, smoothening, and morphological operations
followed by different segmentation techniques for separating the foreground from the background.
After modeling, the representation of a gesture is based on the appropriate metrics with the Feature
Extraction. These features can be the location of the hand, palm, and fingertips; angles of the joints and
fingers; fingertip markings; number of stretched fingers; orientation; speed; histograms; any emotional
expression; or body movement [4]. The extracted features are an input to a computational model, whose
objective is to correctly classify the given gesture or can be stored in the system at the training stage as
amodel [5]. The final stage is Classification where the command /meaning of the gesture must be clearly
identified by the system. A classifier allows associating each input gesture according to similarity
with other test gestures (database). The input of this stage is a sequence of data (unobservable)
with the parameters of a model that were acquired in the training stage. Some methods that allow
classifying the gestures are: Euclidean Distance [6], Support Vector Machine (SVM) [7,8], Clustering [9],
Neural Network [10], Fuzzy Systems [11], Hidden Markov Model (HMM) [12,13], Non-Parametric
(Nearest neighbor, Minimum Distance to Centroid) [14,15], and Principle Components Analysis
(PCA) [16,17]. PCA is a dimensionality reduction technique that can be used to solve body recognition
problems. This technique is also known as Hotelling, projection of eigenvalues and eigenvectors,
and Karhunen-Loéve theorem. The dimensionality reduction helps in the following way: it avoids
voluminous calculations and is robust to the noise in the images. PCA transforms the original image
data into a subspace set of principal components, of which the first principal component captures the
greatest amount of variance among the images, while the second principal component provides the
vector of the directions orthogonal to the first principal component and so on. This article focuses
on the recognition of manual gestures with a simple application such as painting, using capturing
images with a PC camera as data acquisition; application of two spaces colors HSV and CIELab as
segmentation; and erosion and dilation as pre-processing. Subsequently, PCA is applied in feature
extraction and classification.

2. Related Work

It should be noted that all gesture recognition systems consist of several stages such as those
mentioned in this work: data acquisition, segmentation and pre-processing, feature extraction and
classification. According to the criterion of the authors, each stage uses a technique or method according
to the application of the recognition system. For example, there are sign language applications using
gesture recognition known as Sign Language Recognition (SLR). Kumar [18] presented a framework
to recognize manual signs and finger spellings using Leap motion sensor. This sensor includes
the associated Application Programming Interface (API) that allows the capture of the 3D position
of the fingertips. Subsequently, the raw data are pre-processed with a zero-mean (z-score) based
normalization by computing the standard deviation and mean, and the features extracted are the
fingertip positions and three angular direction. Then, these data are classified using SVM to differentiate
between manual and finger spelling gestures, and two BLSTM-NN classifiers for the recognition of
manual signs and finger-spelling gestures using sequence classification and sequence-transcription
based approaches. The database of this proposal is 2240 gestures with the participation of 10
subjects. As a result, the system has an accuracy of 100% by using the SVM classifier but in general
terms has an accuracy of 63.57% for both types of gesture classes in real time. Another study on SLR
was reported by Kumar [19], who developed a SLR system using a depth-sensor device (Kinect) that,
when capturing 3D points of body skeleton, recognizes gestures independently to the signer’s position
or rotation with respect to the sensor. Its process is as follows: The signer’s skeleton information is
captured through Kinect and the data are processed through affine transformation. This transformation
is used to cancel out the effect of signer’s rotation and position while performing the gestures. Then, the
features (angular features, velocity and curvature features) from the 3D segmented hands are extracted.
Furthermore, gesture recognition is carried out with the HMM classifier in three modes: single-handed
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(64 Gaussians components and 3 HMM states), double-handed and combined setup (128 Gaussians
components, 4 HMM and 5 HMM states). The latter (combined setup) presents an accuracy of 83.77%
on occluded gestures. Its database consists of 2700 gestures performed by 10 different signers. As
noted in the description of the previous work, a gesture recognition system has various applications
according to each project. Each research proposal applies various classifiers according to the best
accuracy results; the features extracted depend on the data acquisition sensor and the input variables
of the classifier; and the database is customized for the training of the proposed algorithm.

Much work on gesture recognition has focused on detecting the hand as well as its features such
as position and size of the hand. Thus, many algorithms have been proposed to identify hand gestures
with PCA. PCA is used to reduce the dimension of the data and helps the process of classification
the features obtained [20]. Dardas [21] presented a real time system that includes the detection and
tracking of the hand with non-uniform backgrounds using a skin segmentation and an algorithm of
the hand contour position that implies a subtraction of the face and a base of recognition of gestures
of the hand with PCA. Prasad [22] used the PCA to determine the characteristics of all frames in the
video sequence and then these are stored in the database. Then, the gestures are classified using an
artificial neural network. Sawant [23] proposed a sign language recognition system using the PCA
algorithm to compare the features obtained from HSV color space segmentation. After comparing the
features of the sign captured with the test database, the minimal Euclidean distance is calculated for
the recognition of the sign. On the other hand, Zaki [24] presented sign language recognition that uses
PCA as a dimensionality reduction technique and represented the features of the image to provide the
orientation of the hand. In [25], PCA characterizes the function of the fingers in a vision-based Chinese
SLR system. Aleotti [26] analyzed the use of PCA for automatic recognition of dynamic gestures of
the human arm and the imitation of the robots. In [27], PCA is applied for the recognition of hand
gestures in order to represent the alphabet. Furthermore, Mandeep [28] focused on a skin color model
database and a defined threshold, which they compared with a PCA analysis.

Segmentation is a crucial step in a system because it provides color information for an image.
This project proposes a segmentation technique with the use of two HSV and CIELab color spaces.
Some studies employ these color spaces but with different applications; for example, Cai [29] presented
a system for automatic transfer function design based on visibility distribution and projective method
color mapping. These transfer functions play a key role in representing the volume of medical data.
The techniques commonly used in the transfer function design are clustering and segmentation,
which divide the volume into a set of clusters or segments. The algorithm uses visibility distribution
for the design of a transfer function. For the color transfer function, normalized-cut segmentation
algorithm on the IGM (Intensity Gradient Magnitude) histogram is used to divide the histogram
into several regions. Then, the CIELab color space is applied to map the center of each region
in order to assign a unique color to each region by its projected coordinate. Then, the resulting
color transfer function is applied to represent the volume of data and generate the visualization
result. Another study with a different application to the previous one but making use of color
space was reported by Nguyen [30]. This article allows the segmentation of regenerated muscle
fibers in mice based on superpixels. Superpixels have numerous applications in computer vision
including image segmentation. A method called SLIC-MMED (simple linear iterative clustering on
multi-channel microscopy with edge detection), which segments muscle fibers in multi-channel
microscopy, is proposed. The green channel is processed to extract the nuclei, while the remaining
channels (cyan, yellow and red) are used to generate superpixels according to SLIC-MMED algorithm.
This work compares the performance of the proposed algorithm with the original SLIC algorithm,
the latter operating on color images in the CIELab color space using the components (I, a, b). However,
in SLIC-MMED algorithm, each image channel is used as a component of the feature vector. In the
results, the SLIC-MMED algorithm can correctly segment muscle fibers of different sizes with bright
and dark regions. The previous works represent that the coloration is widely applied in different fields
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because the segmentation allows distinguishing different structures for a better compression of the
data, and thus to be able to perform a manipulation of data according to the objective.

3. Materials and Methods

This section describes the procedure of the proposal of this work.

3.1. Data Acquisition

The purpose of this stage is to acquire a sequence of images (video) that subsequently is processed
in the next stage. The sequence of images is obtained using a 1.3 megapixel camera from the PC (ASUS
Notebook UX32A (ASUSTeK Computer Inc., Taipei, Taiwan)) with different backgrounds and with
a variation of lighting conditions.

3.2. Segmentation and Pre-Processing

In this stage, the image is prepared so that, later, in the following stage, it is possible to extract the
characteristics of the image. Preparation consists of dividing the input image into regions, so that the
region of the hand gesture in the image is set aside. The most commonly used technique to determine
regions of interest in the image (in this case, hand gestures) is through color detection. A good
segmentation will allow detecting the skin color in the image. This work uses a proposed segmentation
technique called HS-ab, which consists of transforming the input image into the HSV color space to
identify non-skin color pixels with thresholds 0 < H < 0.2 and 0.15 < S < 0.9 in such a way that the
pixels in the image with these thresholds are excluded. Subsequently, this same image is converted
to the CIELab color space to detect the skin color pixels through the thresholds 142 < a <225 and
115 < b < 177, so that, finally, the image presents only the skin areas. It should be noted that part of the
segmentation process is to build a decision rule that differentiates between the pixels of an image that
correspond to skin color and non-skin color. This can be done by a non-parametric modeling such as
the histogram-based threshold [31]. This modeling of histogram-based threshold uses an approximate
estimate to define the range of a color space corresponding to the desired color that appears in the
images. Then, to obtain the thresholds of the chrominance components of the HSV and CIELab color
spaces, the images acquired in the SFA Image Database [32] are used. For the analysis of the HSV
color space, 40 images are used that do not represent any type of skin color. For the CIELab color
space, 40 images of different skin color tones are applied. In the case of non-skin images, each image
is transformed to the HSV color space by obtaining the histograms of the H and S channels. Each
histogram estimates the minimum and maximum values for component H and component S. After
having all the histogram values of the 40 images, the minimum and maximum average value of H and
S are obtained. In this way, the thresholds for non-skin color pixels H and S are achieved. On the other
hand, in the case of skin images, it is the same procedure described above except that the images are
transformed to the CIELab color space resulting in the minimum and maximum average values of
components a and b.

Later, the image is converted to binary so that morphological operations can be applied. The two
basic morphological operations are erosion and dilation, which are used to eliminate the noise in
the images and expand and reduce the structure of the objects for their detection. Erosion has the
effect of thinning the area of the image while dilation has the effect of widening the region of interest
(skin regions) of the image. The PCA has two stages: training and testing. In the training stage,
the Eigen space is established using hand gesture training images and, at the same time, these images
are mapped in the Eigen space. At the testing stage, when the image is approved (that is, it is mapped
to Eigen space), it is classified using a distance classifier. The training stage is then presented in
Section 3.3 and the testing stage in Section 3.4.
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3.3. Feature Extraction

Step 1: Create a set of hand gesture training images and get the database. The database contains
training images (M) of dimensions N X N: I;, I, ..., Ij.

Step 2: Represent each image I; in a vector Z; where 1 < i < M with dimension N2.

Steps 3 and 4 allow normalizing the vectors of the images of gestures of the hand.
This normalization eliminates common characteristics of the images of gestures, in such a way
that every image vector represents to the only characteristic.

Step 3: Calculate the average of the vector of the image:
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Step 4: Get the difference image by subtracting the vector from the average image of each vector
from the gesture training image:
Q=7 —¥ @)

Thus, ®; is the normalization of the vectors of the gesture images, Z; is a vector of the gesture
image and Y is a vector of the average image.

The following steps are for calculating the Eigen vectors but first the covariance matrix C must
be calculated.

Step 5: Calculate the covariance matrix C with dimensions N? x N2

M
C= % Y @, = AAT (3)
n=1

where A = [®1, Dy, O3, ..., Pyl is a column of matrix with each gesture normalized with dimensions
N? x M where N? is the number of rows and M is the number of columns.

The dimensions of AAT [N? x N?| are very large, therefore it generates N2 Eigen vectors of big
size; the dimensions are as big as the gesture’s own image. Therefore, there is a need to reduce the
dimensionality with a reduced dimensionality covariance matrix. This can be done by calculating the
covariance matrix in the following way:

C=ATA (4)

Step 6: Calculate the Eigen vectors (u;) of AT A with dimensions M x M, which has the same
Eigen vectors and Eigen values of the covariance matrix AAT. Then, to calculate the u;, it has to be
that the total number of rows in the covariance matrix gives the total number of Eigen vectors. That is,
the total number of Eigen vectors = M.

Step 7: Calculate the best M Eigen vectors of AAT with the following equation:

v; = Au; ®)

where v; is the upper Eigen vector in dimensional space while u; is the lower Eigen vector in
dimensional space.

Step 8: Take only the Eigen vectors (V) corresponding to the largest Eigen values (V).

To make the representation of the database of the training images using the Eigen vectors is when
each gesture is projected in the space. It is for this reason that the projection of the gesture is calculated
through the weight of each training image; therefore, the weight is calculated as follows:

w] = U]T : (Zi - ‘Y) (6)

wherej=1,2,3,..., M.
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As the weight vector is represented as:
T
ﬂ = [w]/w2/ W3, .eey ZUM] (7)

each image in the training database is represented by the weight vector in the following way:

S 9T
Ui = {w’l, wy, Wh, ..., wﬁw,} 8)
Thus, for each training image, the weight vectors are calculated and stored.

3.4. Classification

Step 1: Then, the test stage is performed. For this, a test image is required (image with any gesture
of the hand) (Z) from which its weight (w;) is calculated through the multiplication of Eigen vector
(v;) with the image difference; this is described in the following equation:

w =0v] - (Z-Y) )
In the same way, the test image is represented by the weight vector and is calculated as:
p= [wi,wy, w3, ..., wu]" (10)

Step 2: Calculate the Euclidean distance between the weight vector of the test image (y) and the
weight vectors of the training image database (y;).

eq = min || — pj| (11)

Finally, a type of gesture is determined by presenting a minimum Euclidean distance with respect
to the test gesture (which is the test image). Thus, to classify the input image (test image) with
the correct match of the training database the k-nearest neighbor algorithm (also named K-Nearest
Neighbors (KNN) Classifier) is used. Therefore, KNN algorithm is used in this project to classify
a test image based on the similarity measure of a set of training image database. KNN algorithm
calculates the distance between each unknown instance (test image) and all known instances (training
image), and the k-nearest neighbor in known instance sets are selected. The nearest neighbors can
be determined by calculating based on distinct distance metrics, such as Euclidean distance [33].
This distance metric is used in this work where the classification is performed by finding the nearest
Euclidean distance of the transformed weights of the test image, i.e. a neighbor is deemed nearest
if it has the smallest distance, in the Euclidean sense. The choice of the number of neighbors (k) is
discretionary and up to the choice of the users. On this occasion, k = 1 is chosen, because the algorithm
classifies the class of the nearest neighbor. Typically, the test image is classified according to the labels
of its k-nearest neighbors by a majority of votes. Then, if k = 1, the object (test image) is classified as
the class of the object (some training image) closest to it and also presents greater precision in having
good results. In this work, k > 1 is not chosen because with more k points the algorithm takes longer
to process and receive a response, while a quick response is desired because the gesture detection is
in real time. In addition, the training image closest to the image test is searched, thus more k points
are not considered, only the nearest one that appears in k = 1. Figure 1 shows the operation of the
k-nearest neighbor algorithm.

The steps described above, namely data acquisition, segmentation and pre-processing, feature
extraction and classification, are described in Figure 2, where the hand gesture recognition processing
is observed.
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Figure 1. Example of the KNN Classifier with manual gestures. The test image can be a rectangle,
a diamond or a triangle depending on the value of k. If k = 1 (solid line circle), this is assigned to the
rectangle; if k = 5 (dashed line circle), this is determined to the diamond; and, if k = 10 (solid dashed
line circle), it belongs to the triangle. The algorithm only considers the object (rectangle, a diamond or
a triangle) nearest to the image test of k = 1.

‘ Data Acquisition H Seg ation and Pre-pr ing H Feature Extraction '—

Acquire hand gesture image i Convert to HSV color space Input hand gesture image
2 | |
i %’ Remove non skin pixels Convertthe image to image vector
[ (0<H<0.2and 0.15<5<0.9) |
} g Normalize the image vector:
! E Convert to CIELab color space « Calculate the average of image vector
g | ED +  Subtract the vectors
L= Detect skin pixels £ |
! (142<a<225and 115<b < 177) E Calculate the Eigen vectors:
| +  Calculate the covariance matrix
Convertto binary + Caleulate the Eigen vectors of a reduced
| dimensionality covariance matrix
Apply Erosion + Caleulate the best Eigen vectors
| « Choose the Eigen vectors that correspond
Apply Dilation to the largest Eigen values

Classification }4—

T
Calculate the weight vector of a testimage
I
Calculate the Euclidean distance between the
weight vector of the testimage and all the
weight vectors of the training image database
|
Determine the minimum Euclidean distance of
the test image with all the training set to
identify the gesture

Testing

Figure 2. Block diagram of the hand recognition proposal.
4. Results

The PCA algorithm requires two databases, the training database and the testing database.
In the first database, each gesture of the training database is represented as a column vector, that is,
the values of each column that forms a matrix represent the pixels of the gesture image. Subsequently,
the algorithm calculates the average of this matrix to normalize the gesture vectors. Then, the Eigen
vectors of a covariance matrix is obtained. Finally, each gesture is projected to the corresponding
gesture space when the Eigen vector matrix is multiplied by each of the gesture vectors. At the testing
database, a gesture of a subject (which is a test gesture) in the same way is represented as a column
vector that is subsequently normalized with respect to the average gesture. Then, the algorithm projects
the test gesture into the gesture space using the Eigen vector matrix. Next, the Euclidean distance is
calculated between this projection and each of the known projections of the database in the training
stage, so that the algorithm selects the minimum value of these comparisons. This indicates that the
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algorithm recognizes a gesture from the training database with respect to the test gesture. It should be
noted that at this stage the testing database is used.

Training and testing data are sets of manual gesture images. The training database is for the
PCA algorithm training, while the testing database is for testing the flexibility and adaptability of
the proposed gesture recognition algorithm. Another difference of both databases is that the images
in each database are different, i.e. the set of gestures in the training database belong to some test
subjects while the gestural images of the testing database are acquired from other test subjects who
are different from those who participated for the training database. Therefore, there are no images
from the training and testing database belonging to the same person as each image in both databases
belongs to different people.

Training database: This database contains images of gestures performed by 20 people (there are
10 female subjects and 10 male subjects) and each person develops five gestures. Therefore, there are
a total of 100 images of manual gestures for each hand posture. The images are captured using
a PC camera. The database consists of three hand postures: index, V sign and fist under a uniform
background (see Figure 3). These last two gestures are attached to experience the testing database
of other studies [34,35] with the algorithm of this work. Marcel [34] used a neural network model
to recognize six hand postures where an analysis of face location and body anthropometry is used
through space discretization. On the other hand, Maqueda [35] presented a human computer interface
to control an application by executing manual gestures using a binary Support Vector Machine classifier
and Local Binary Patterns as feature vectors.

Testing database: The database of the V sign and fist hand posture was obtained from [34,35] with
different lighting conditions. The database of Marcel [34] contains thousands of various images with
both uniform and complex backgrounds; in this case, the images with a uniform background were used.
In [35], the database contains 30 video sequences performed by six different individuals. The video
sequence was recorded on a non-uniform background and each video sequence was spatially and
temporally segmented, so the training samples of each gesture are cropped video sequences, whose
frames are regions of image that contain only the poses of the hand. In each database, 100 images of
manual gestures were acquired. Furthermore, for the index hand posture database, the same procedure
described above of the training database was performed, i.e. there are 100 images with a uniform
background of 20 different people. Some images of the testing database are presented in Figure 3.

It should be clarified that the images of the three hand postures, namely index, V sign and fist,
that belong to the training database and the images of the index posture of the testing database were
captured on a PC camera by 20 different subjects. However, testing the operation of the system
proposed in this work involves 20 people who are different from the subjects who participated in the
capture of the gestural images for the database. Figure 4 shows some results of the application of the
recognition system of the three gestures (index, sign V and fist) in the hand with a paint simulation.
This hand gesture recognition algorithm was implemented on the Microsoft Visual Studio 2017 Express
platform with the SDK version 3.0 library.

On the other hand, in Table 1, the efficiency of the gesture recognition system is shown considering
the equations for the calculation of recall (Equation (12)), precision (Equation (13)) and prevalence
(Equation (14)). The system was tested by 20 different subjects in real time for the detection of
index, V sign and fist gestures. The results presented in Table 1 show that Maqueda [35] presented
a lower percentage than Marcel [34], which could be because the images in the training database have
non-uniform backgrounds compared to Marcel [34].

TruePositive
Recall = 12
eca TruePositive + FalseNegative (12)
TruePositi
Precision = T oS (13)

TruePositive + FalsePositive



Entropy 2019, 21, 1114 9 of 15

TruePositive + FalseNegative
Total NumberO f Gestures

Prevalence = (14)

Training database

—_
Y

-

Index posture V sign posture Fist posture

100images of 20 different subjects 100images of 20 different subjects 100images of 20 different subjects

Testing database

.
-

Index posture V sign posture Fist posture

100 images of 20 different subjects 100images from the database of [30] 100 images from the database of [31]

Figure 3. Gestural images of the training and testing database.

Figure 4. Detection of three types of manual gestures with painting simulation and with different
backgrounds. Some images were segmented with the technique HS-ab and the other images were
captured from the camera in real time.

The average execution time (this is the maximum time to recognize a gesture) of the proposed
hand gesture recognition system for each gesture capture in real time is 2.6 ms. This test 3 we performed
on a computer with an Intel Core 1.80 GHz processor, 4 GB RAM, a 1.3 MP camera and a resolution of
1280 x 720 pixels.
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Table 1. Statistical analysis of the proposed hand recognition system.

Parameter Value Value [34] Value [35]
Total Number of Gestures (Total Tested) 20 20 20
True Positive 18 18 17
True Negative 0 0 0
False Positive 1 1 1
False Negative 1 1 2
Recall 94.74% 94.74% 89.47%
Precision 94.74% 94.74% 94.44%
Prevalence 95% 95% 95%

Considering the results of recall, precision and prevalence of this work, a comparison was made
with other methods. Some methods use the PCA algorithm for analysis in the database applied in
a gesture recognition system. Kumar [36] presented a system that recognizes specific hand gestures
to transmit information in a device control. For this, the PCA is used for manual gesture recognition
and the Sheffield KInect Gesture (SKIG) dataset are extracted to create a training set. The training
set consists of 10 categories of hand gestures: circle (clockwise), triangle (anti-clockwise), up—down,
right-left, wave “Z”, cross, come here, turn around and pat. These gestures are performed with three
hand postures, namely fist, index and flat, under three different backgrounds, namely wooden board,
plain paper and paper with characters. Table 2 shows the results of recall, precision and prevalence
of 10 gesture tests in the system. Mandeep [28] focused on a hand gesture recognition system based
on skin color modeling in the YCbCr color space. Then, the image is divided into foreground and
background through a defined threshold. Finally, a template based matching technique is developed
using PCA. The datasets are in two forms: controlled and uncontrolled. The first has images with
a similar background taken from several people. The second presents images with different lighting
conditions. The results obtained using both databases to test the system are shown in Table 2.

Table 2. Test results of the gesture recognition system of various methods.

Reference Total Tested Recall (%) Precision (%) Prevalence (%)
On this project 20 94.74 94.74 95
[36] 10 100 100 100
[28] 30 (controlled background) 100 100 100
[28] 35 (uncontrolled background) 96.97 94.12 94.29

As shown in Table 2, Mandeep [28], Kumar [36] presented very good results because their training
and test databases are very similar (see Figure 5b). In addition, the backgrounds of the images are very
uniform and controlled under ideal conditions (see Figure 5c), which allows the database to be more
efficient and therefore provide maximum precision. It is for this reason that the percentages of this
work tend to be low in the majority of cases: the images in the training and testing databases were
acquired by different people (see Figure 5d).

As shown in Figure 5, Kumar [36] only compared identical images and did not test with other
images, which is why they offered a precision of 100%. Mandeep [28] contained images with good
conditions considering the background and lighting, thus they also offered a precision of 100% but,
when testing with images with low illumination, the precision reduced to 96.97%. however, they
ded not present results with different gestures and under different conditions as carried out in this
project. This project was tested with different images of gestures of various people in real time and
with non-uniform backgrounds under different lighting conditions.
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Figure 5. Images of the database in Table 2: (a) the training images with different backgrounds but
under the same conditions of the database of Kumar [36]; (b) the gesture recognition with similar
images , however there is no evidence of other gestures in different backgrounds such as in this work;
(c) some images from the training database of Mandeep [28], of which it is presented in ideal conditions;
and (d) one of the images of the training database is presented compared to an test image in real time
of this project.

Finally, some tests are presented of the system for experimental purposes. First, a comparison of
equal images was made in the training and testing databases. Only for this test, some images of the
index gesture of the training and testing databases belonged to the same person. This does not mean
that the databases of this system have images of the same person, and this test was only done to know
the operation of the Euclidean distance with the same, similar and different images. It was observed
that, when a test gesture that already exists in the training database is entered, the projection distance
(i.e., the Euclidean distance) tends to be almost or completely zero; therefore, there is an encounter of
the same gesture. However, when a different test gesture from the images in the training database
is shown, the Euclidean distances presented may be far or close to zero. Thus, when comparing
all Euclidean distances, the smallest projection distance is chosen because it corresponds to the test
gesture. The above is presented in Figure 6. Figure 6a shows that the test image is the same as the
training image so it presents a Euclidean distance of 0.0 x 10!°. Figure 6b shows the test gesture is
similar to the training gesture but is not the same, with a Euclidean distance of 0.6 x 10'°. Figure 6¢
shows a different test gesture to the training gesture with a projection distance of 1.3 x 10'°.

44 44 Ak

Testimage Trainingimage Testimage Trainingimage Testimage Trainingimage
Figure 6. Comparison of Euclidean distances in different cases with the test images.

The second test was to apply the training database of this work in an algorithm from another
study. Dakkata [37] presented a prototype system to recognize the gesture of deaf people based on ASL
(American Sign Language) in order to be able to communicate with people. The algorithm consists
of the following steps: skin detection, image segmentation, image filtering, and cross-correlation
method. This project uses a PC camera to capture the gestures of the person and, after the image
processing, the system applies the gray algorithm for illumination compensation in that picture. The
database of Dakkata [37] contains 160 images with some types of gestures that represent the ASL with
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10 images for each gesture. The training database of the proposed project presents three hand postures,
which also belong to ASL. Then, 100 images of each posture (index, V sign and fist) were implemented
in the algorithm database of Dakkata [37]. It should be noted that the algorithm [37] was implemented
in MATLAB 2019. The results are shown in Figure 7.

Index posture V sign posture Fist posture

Figure 7. Results of the algorithm [37] using the training database in Figure 3. When the subject
performs any of the index, V sign and fist postures, the program of Dakkata [37] detects the type of
gesture, the training image and displays the letter that belongs to the gesture.

5. Discussion

A novel approach to dynamic gesture recognition is using the HS-ab technique and PCA for
segmentation, feature extraction and classification. First, in recognition, it requires locating some
part of the body and eliminating the backgrounds of the image captured by the camera; for this,
segmentation is required. This segmentation is crucial because it isolates the relevant data from the
background of the image. Then, for the detection of the body parts, a segmentation of the skin color is
performed. An important decision for skin color segmentation is the selection of the color space to be
used in the algorithm. There are several color spaces; in this case, it focuses on the color spaces with
better segmentation in the skin color and on those dependent on the chromaticity components, that is,
without the luminance components, because, it presents better results with the variations of lighting
found in the environment. The appropriate color spaces with the above characteristics are HSV, YCbCr
and CIELab [38]. That is why this work uses the HSV and CIELab color spaces. On the other hand,
PCA is recognized in the literature as an accurate method, which is reflected in the statistical analysis
of this work. Therefore, PCA is feasible in the use of dynamic gesture recognition. There are other
methods for gesture classification, but this method is chosen for its reduction in dimensionality to
what leads to a low computational cost and then better response in real time.

To make the proposed system more accurate in gesture recognition, it is considered as future
work to apply improved methods of gesture classifiers such is the case of Nguyen [39]. This paper
presents a method for multi-user biometric recognition in a prototype gesture-based surgical data
access system using a Kinect sensor to capture depth images of a user’s palm. In this literature, a new
algorithm is named Centroid Displacement-based K-Nearest Neighbors Classification (CDNN) using
the Euclidean distance. This improved algorithm assigns user labels to each presented palm based
on the centroid displacement of the classes present in the neighboring points. The accuracy of this
algorithm on hands with gloves is 96.24% while the KNN algorithm presents an accuracy of 90.22%.
Thus, the CDNN algorithm is more accurate than other classifiers for palm recognition. The objective
of applying other modified methods that have presented good responses is to make this system more
feasible and more precise in gesture recognition.

6. Conclusions

In this paper, hand gesture recognition is developed using the segmentation technique HS-ab
and PCA. The system is tested with different environmental conditions such as light and background.
The system shows 94.74% recall, 94.74% precision and 95% prevalence. This indicates that the test
images match the images in the training database. Therefore, the system is suitable for the recognition
of the dynamic hand gesture in Figure 2. Then, the proposed algorithm indicates that, when the
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hand gesture is entered (which already exists in the training image database), the projection distance
calculated for that specific gesture is minimal and therefore its coincidence is excellent. However,
when an unknown gesture is entered, the system does not respond. In the future, the training database
must be updated to support more than one gesture, and other simulations such as collecting objects,
deleting, and moving objects, among others can be developed.
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Abbreviations

The following abbreviations are used in this manuscript:

API Application Programming Interface

ASL American Sign Language

CDNN Centroid Displacement-based K-Nearest Neighbors
CIELab Luminance as L, Chrominance as a and Chrominance as b
cv Computer Vision

HCI Human-Computer Interaction

HMM Hidden Markov Model

HSV Hue, Saturation and Value

IGM Intensity Gradient Magnitude

RGB Red, Green and Blue

SLIC Simple Linear Iterative Clustering

SLIC-MMED  Simple Linear Iterative Clustering on Multi-channel Microscopy with Edge Detection
SLR Sign Language Recognition

SVM Support Vector Machine

PCA Principle Components Analysis

ToF Time-Of-Flight

YCbCr Luminance as Y, Blue-difference Chrominance and Red-difference Chrominance
YUV Luminance as Y, Chrominance as U and Value

References

1. Sushmita, M.; Tinku, A. Gesture Recognition: A Survey. IEEE Trans. Syst. Man Cybern. 2007, 37, 311-324.
Haria, A.; Subramanian, A.; Asokkumar, N.; Poddar, S.; Nayak, J. Hand Gesture Recognition for Human
Computer Interaction. Procedia Comput. Sci. 2017, 115, 367-374. [CrossRef]

3.  Palacios, J.; Sagues, C.; Montijano, E.; Llorente, S. Human—Computer Interaction Based on Hand Gestures
Using RGB-D Sensors. Sensors 2013, 13, 11842-11860. [CrossRef] [PubMed]

4. Van den Bergh, M.; Van Gool, L. Combining RGB and ToF Cameras for Real-Time 3D Hand Gesture
Interaction. In Proceedings of the 2011 IEEE Workshop on Applications of Computer Vision (WACV),
Kona, HI, USA, 5-7 January 2011; pp. 66-72.

5. Chahal, M.,; Sharma, K.; Kumar, B. Introduction to Gesture Recognition. Int. ]. Adv. Eng. Technol. 2014,
7,580-588.

6. Liu, Y; Zhang, L.; Zhang, S. A Hand Gesture Recognition Method Based on Multi-Feature Fusion and
Template Matching. Procedia Eng. 2012, 29, 1678-1684.

7. Rahman, H.; Afrin, J. Hand Gesture Recognition using Multiclass Support Vector Machine. Int. J. Comput. Appl.
2013, 74, 39-43.

8. Nalepa, J.; Kawulok, M. Selecting Training Sets for Support Vector Machines: A Review. Artif. Intell. Rev.
2019, 52, 857-900. [CrossRef]


http://dx.doi.org/10.1016/j.procs.2017.09.092
http://dx.doi.org/10.3390/s130911842
http://www.ncbi.nlm.nih.gov/pubmed/24018953
http://dx.doi.org/10.1007/s10462-017-9611-1

Entropy 2019, 21, 1114 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Panchal, J.; Kandoriya, K. Hand Gesture Recognition using Clustering based Technique. Int. J. Sci. Res. 2015,
4,1427-1430.

Stergiopoulou, E.; Papamarkos, N. Hand Gesture Recognition using a Neural Network Shape Fitting
Technique. Eng. Appl. Artif. Intell. 2009, 22, 1141-1158. [CrossRef]

Bedregal, B.; Rocha, A.; Pereira, G. Fuzzy Rule-Based Hand Gesture Recognition. Artif. Intell. Theory Pract.
2006, 217, 285-294.

Wen, R.; Nguyen, B.; Boon, C.; Chui, C.K. In Situ Spatial AR Surgical Planning using Projector-Kinect System.
In Proceedings of the Fourth Symposium on Information and Communication Technology, Danang, Vietnam,
5-6 December 2013; pp. 164-171.

Sagayam, K.; Hemanth, D. ABC Algorithm based Optimization of 1-D Hidden Markov Model for Hand
Gesture Recognition Applications. Comput. Ind. 2018, 99, 313-323. [CrossRef]

Trigueiros, P.; Ribeiro, F.; Reis, L. A Comparative Study of Different Image Features for Hand Gesture
Machine Learning. In Proceedings of the 5th International Conference on Agents and Artificial Inteligence
(ICAART’2013), Barcelona, Spain, 15-18 February 2013; pp. 51-61.

Goyal, M,; Shahi, B.; Prema, K.V.; Reddy, N.V.S.S. Performance Analysis of Human Gesture Recognition
Techniques. In Proceedings of the 2017 2nd IEEE International Conference on Recent Trends in Electronics,
Information & Communication Technology (RTEICT), Bangalore, India, 19-20 May 2017; pp. 111-115.

Luo, D.; Ohya, J. Study on Human Gesture Recognition from Moving Camera Images. In Proceedings of the
2010 IEEE International Conference on Multimedia and Expo, Singapore, 19-23 July 2010; pp. 274-279.
Kota, S.; Raheja, J.; Gupta, A.; Rathi, A. Principal Component Analysis for Gesture Recognition Using
SystemC. In Proceedings of the 2009 International Conference on Advances in Recent Technologies in
Communication and Computing, Kerala, India, 27-28 October 2009; pp. 732-737.

Kumar, P; Saini, R.; Behera, S.; Dogra DRoy, P. Real-Time Recognit. Sign Lang. Gestures Air-Writing Using
Leap Motion. In Proceedings of the 2017 Fifteenth IAPR International Conference on Machine Vision
Applications (MVA), Nagoya, Japan, 8-12 May 2017; pp. 157-160.

Kumar, P; Saini, R.; Roy PDogra, D. Position Rotat. Invariant Framew. Sign Lang. Recognit. (SLR) Using
Kinect. Multimed. Tools Appl. 2017, 77, 8823-8846. [CrossRef]

Ringnér M. What is Principal Component Analysis? Nat. Biotechnol. 2008, 26, 303. [CrossRef] [PubMed]
Dardas, N.; Petriu, E. Hand Gesture Detection and Recognition using Principal Component Analysis.
In Proceedings of the 2011 IEEE International Conference on Computational Intelligence for Measurement
Systems and Applications (CIMSA) Proceedings, Ottawa, ON, Canada, 19-21 September 2011; pp. 1-6.
Prasad, D.; Kishore, V.; Kumar, A. Indian Sign Language Recognition System using New Fusion based Edge
Operator. J. Theor. Appl. Inf. Technol. 2016, 88, 574-584.

Sawant, S. Sign Language Recognition System to Aid Deaf-dumb People using PCA. Int. ]. Comput. Sci.
Eng. Technol. 2014, 5, 570-574.

Zaki, M.; Shaheen, S. Sign Language Recognition using a Combination of New Vision based Features.
Pattern Recognit. Lett. 2011, 32, 572-577. [CrossRef]

Zhang, L.; Chen, Y.; Fang, G.; Chen, X.; Gao, W. A Vision-based Sign Language Recognition System using
Tied-mixture Density HMM. In Proceedings of the 6th International Conference on Multimodal Interfaces,
State College, PA, USA, 13-15 October 2004; pp. 198-204.

Aleotti, J.; Caselli, S. Functional Principal Component Analysis for Recognition of Arm Gestures and
Humanoid Imitation. Int. . Humanoid Robot. 2014, 10, 1350033. [CrossRef]

Pradhan, A.; Kumar, S.; Dhakal, D.; Pradhan, B. Implementation of PCA for Recognition of Hand Gesture
Representing Alphabets. Int. ]. Adv. Res. Comput. Sci. Softw. Eng. 2016, 6, 263-268.

Mandeep, K.; Amardeep, S. Hand Gesture Recognition Using PCA. Int. ]. Comput. Sci. Eng. Technol. 2015,
5,267-271.

Cai, L.; Tay, W.L.; Nguyen, B.; Chui CKOng, S. Automatic Transfer Function Design for Medical Visualization
using Visibility Distributions and Projective Color Mapping. Comput. Med. Imaging Graph. 2013, 37, 1-12.
Nguyen, B.; Heemskerk, H.; PTucker-Kellogg, L. Superpixel-Based Segmentation Muscle Fibers
Multi-Channel Microscopy. BMC Syst. Biol. 2016, 10, 39-50. [CrossRef] [PubMed]

Vezhnevets, V.; Sazonov, V.; Andreeva, A. A Survey on Pixel-based Skin Color Detection Techniques.
Int. Conf. Graph. 2003, 3, 85-92.


http://dx.doi.org/10.1016/j.engappai.2009.03.008
http://dx.doi.org/10.1016/j.compind.2018.03.035
http://dx.doi.org/10.1007/s11042-017-4776-9
http://dx.doi.org/10.1038/nbt0308-303
http://www.ncbi.nlm.nih.gov/pubmed/18327243
http://dx.doi.org/10.1016/j.patrec.2010.11.013
http://dx.doi.org/10.1142/S0219843613500333
http://dx.doi.org/10.1186/s12918-016-0372-2
http://www.ncbi.nlm.nih.gov/pubmed/28105947

Entropy 2019, 21, 1114 15 of 15

32.

33.

34.

35.

36.

37.

38.

39.

Casati, ].; Moraes, D.; Rodrigues, E. SFA: A Human Skin Image Database based on FERET and AR Facial
Images. In Proceedings of the Workshop VisaO Computational, Rio de Janeiro, Brazil, 3-5 June 2013.

Li, C.; Bredies, K.; Lund, A.; Nierstrasz, V.; Hemeren, P.; Hogberg, D. k-Nearest-Neighbour based Numerical
Hand Posture Recognition using a Smart Textile Glove. In Proceedings of the Fifth International Conference
on Ambient Computing, Applications, Services and Technologies, Nice, France, 19-24 July 2015; pp. 36—41.
Marecel, S.; Bernier, O. Hand Posture Recognition in a Body-face Centered Space. Lect. Notes Comput. Sci.
1999, 1739, 97-100.

Magqueda, A.; del Blanco, C.; Jaureguizar, F; Garcfa, N. Human-Computer Interaction based on Visual
Hand-Gesture Recognition using Volumetric Spatiograms of Local Binary Patterns. Comput. Vis. Image
Underst. Spec. Issue Pose Gesture 2015, 141, 126-137. [CrossRef]

Kumar, S,; Srivastava, T.; Shree, R. Hand Gesture Recognition Using Principal Component Analysis. Asian J.
Eng. Appl. Technol. 2017, 6, 32-35.

Dakkata, P. Hand Gesture Recognition for Deaf People in Matlab. Available online: https:/ /projectsflix.
com/matlab/hand-gesture-recognition/ (accessed on 8 September 2018).

Terrillon, J.; Shirazi, M.; Fukamachi, H.; Akamatsu, S. Comparative Performance of Different Skin
Chrominance Models and Chrominance Spaces for the Automatic Detection of Human Faces in Color
Images. In Proceedings of the Fourth IEEE International Conference on Automatic Face and Gesture
Recognition (Cat. No. PR00580), Grenoble, France, 28-30 March 2000; pp. 54-61.

Nguyen, B.; Tay WLChui, C.K. Robust Biom. Recognit. Palm Depth Images Gloved Hands. IEEE Trans.
Hum.-Mach. Syst. 2015, 45, 1-6. [CrossRef]

@ (© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.cviu.2015.07.009
https://projectsflix.com/matlab/hand-gesture-recognition/
https://projectsflix.com/matlab/hand-gesture-recognition/
http://dx.doi.org/10.1109/THMS.2015.2453203
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	Related Work
	Materials and Methods
	Data Acquisition
	Segmentation and Pre-Processing
	Feature Extraction
	Classification

	Results
	Discussion
	Conclusions
	References

