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ABSTRACT

The aim of this thesis is to propose a technique for the recognition of Lao alphabet
and Lao simple sentences sign language. The technique of image processing that is
Histogram of Oriented Gradients (HOG) is applied in order to extract characteristics
of the hand images performing each individual alphabet of Lao sign language. The
extracted features are then sent for template matching. The similarity between the
extracted features and the prototype are measured by using correlation coefficient.
While the study of a technique for recognizes Lao simple sentences sign language
uses using a Kinect sensor to track human skeleton. By using Kinect sensors, 9 feature
joint positions of the human body are tracked. Then, the joint angles between each
pair of joint vectors of adjacent joint positions are measured. When the user performs
a series of postures representing a simple sentence of Lao sign language, the system
records joint angles that are significantly changed from one posture to another
posture. A feature joint angle stored in the database is used to recognize the testing
sentence’s posture. In the experiments the recognition rate for Lao alphabets sign

language is 79% and for Lao simple sentences is 75%.
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CHAPTER 1

INTRODUCTION

1.1 Background and Significance of the Study

Since people impaired hearing and speaking increase in our society the hand language
is necessary and important for these people to communicate each other, to enable the
communication with advanced modern deaf can communicate with the ordinary
people there are multi-articles released by research design used for these groups of
streams translation of language with alphabet aim to upgrade the using hand language
of members disabled speaking, in Laos has developed gradually, respectively, as well
as building facilities convenient relationship between the deaf, mute suddenly be able
to communicate with people in society without restrictions. This article was system
design methods to be used to translate alphabet of Lao hand sign language by using
technical translating any sign language performed by deaf people in order to
communicate with normal people is a crucial issue in Lao society. The number of a
professional interpreter for sign language can also be rarely found. Although many
research works about this issue had been introduced so far, but it still not has any

researcher working specifically on Lao sign language before.

1.2 Purpose of the Study

This thesis aims to present the algorithm to increase the efficiency of the recognition
of Lao alphabet sign language. The technique of image processing that is Histogram
of Oriented Gradients (HOG), the extracted features measured by using correlation
technique. And this article was design system methods to Recognition of Lao
Sentence Sign Language by using Kinect Sensor. The features of the Kinect Camera
is to detect the images of the movement of body gesture and hand by measuring the

value of the angle in each part to analyze the results from the movement gestures.

1.3 Scope of Works

e To propose the recognition system of Lao alphabet sign language.



e To study the technique of image processing that using Histogram of Oriented
Gradients and Correlation.
e To study the working principles of Kinect sensor.

e To propose the recognition of Lao simple sentence sign language.

1.4 Thesis Structure

The thesis is organized in five chapters and is briefly summarized as follow.

Chapter 1 presents an overview of the research in this thesis, mainly, its introduction,
background of the study and purpose of the study.

Chapter 2 gives a brief introduction to the sign language in section 2.1 and shows
some background information on image recognition in section 2.3 and compute
histogram of oriented gradients (HOG) in section 2.6. Correlation coefficients are
reviewed in section 2.7.

Chapter 3 presents proposed a technique for recognition of Lao alphabet sign
language. The technique of image processing, that is a Histogram of Oriented
Gradient (HOG), is applied in order to extract a characteristic of the hand image
performing individual alphabet of Lao sign language. The extracted features and the
prototype features are measured by using correlation technique.

Chapter 4 presents a technique for recognition Lao simple sentence sign language by
using a Kinect sensor. By using the Kinect sensor, feature joint positions of the human
body can be tracked. After that, the joint angles between each pair of joint vectors of
the adjacent joint position are measured. When the user performs a series of posture
representing a simple sentence Lao sign language, the system records joint angles that
are significantly changed from one posture to another posture.

Chapter 5 summarizes the results of this research and the conclusions from all
chapters.



CHAPTER 2

RELATED LITERATURE

2.1 Sign Language

The sign language is the language for the deaf people, composed hand, facial
expression and gesture using in the communication of the meaning and transmit the
feeling instead of talking. The sign language of each nation is different such as the
speaking language which is differently according to the tradition culture and
characteristic of geographies such as the sign language of Thai language and
American language etc.

The sign language is the language that researcher students of the deaf study branch
have been accepted and agreed belong them, that is one language for communicating
of meaning between mute and normal people that are called by another name “manual
communication”.

The communication of the deaf and mute people cannot communicate with the
speaking but their eyes expressions are well normal they can observe the expression
and different gesture regularly mobilized. These diverse images are the Medias to
make them understand the meaning a little bit or understand not in deep but it was one
part that had potential to push the makes effort to use the body gesture and facial
expression for express their interior feeling that they have to express correctly their
needs to people understand it.

The gesture perform that we can observe is a gesture to be learned from the most
nature and from the natural gesture to innovate to the hand gesture one of large part of
sign language to be born a gesture using instead of the meaning in the speaking of the

mute, really perfect and convenient that we call this language “the sign language”.

2.2 Lao Sign Language

Sign language is a form of communication involving signing, body gesture and
nonverbal expression to communicate with others. It is a critical form of

communication for a person with hearing impairment, or deaf people, in Lao PDR and



around the world. Sign language that spells each alphabet is invented and officially

recognized as the designated Lao national sign language as shown in Figure 2.1

Figure 2.1 The designated Lao national sign language

Electricity and heat production, industry and transport sectors are the main
contributors of the total emission. And there are national and international
mechanisms, which are currently practicing in order to reduce the emission. For
electricity, the trend of renewable and alternative energies have developed and
encouraged widely. Those applications of alternative energies are generating
electricity and energy from the wind, solar, biofuels, biomass, hydro, geothermal, and
marine. Investment of these applications of alternative energies was $ 285. Billions in
2015, which had 5% growth compared to the year 2014 investment and 18% increase
for a period of the year 2004 till 2015 (Joseph et al., 2016).



2.3 Image Recognition

Image recognition (sometimes called computer vision) is a technology that strives to
acquire process, analyses, and understand images and high-dimensional data from the
real world in order to produce numerical or symbolic information. Image recognition—
also known as computer vision— is the method of acquiring, analyzing, and
understanding images to produce numerical information. In other words, image
recognition is a computer’s way of doing what your eye does: see a picture and

understand it.

2.4  Histogram of Oriented Gradients

HOG features have been introduced by Navneet Dalal and Bill Triggs, who developed
and tested several variants of HOG descriptors, with the differing spatial organization,
gradient computation and normalization methods.

The histogram of oriented (HOG) is a definition of feature used in computer vision
and image processing for the purpose of object detection. The technique count
occurrences of gradient orientation in localized (HOG) of an image.

A feature descriptor is a representation of an image or an image patch that simplifies
the image by extracting useful information and throwing away extraneous
information. Typically, a feature descriptor converts an image of size width x height x
3 (channels) to a feature vector/array of length n. In the case of the HOG feature
descriptor, the input image is of size 64x128x3 and the output feature vector is length
3780. In the HOG feature descriptor, the distributions (histogram) of directions of

gradients (oriented gradients) are used as features. Gradients (X and y derivatives) of

an image are useful because the magnitude of gradients is large around edges and
corners (regions of abrupt intensity changes) and we know that edges and corners

pack in a lot more information about object shape than flat regions.

2.5  HOG Feature Descriptor

A feature descriptor is a representation of an image or an image patch that simplifies
the image by extracting useful information and throwing away extraneous
information. Typically, a feature descriptor converts an image of size width x height x

3 (channels) to a feature vector/array of length n. In the case of the HOG feature



descriptor, the input image is of size 64x128x3 and the output feature vector is length
3780.

The feature vector is not useful for the purpose of viewing the image. But, it is very
useful for tasks like image recognition and object detection. The feature vector
produced by these algorithms when fed into an image classification algorithms like
support vector machine (SVM) produce good results.

In the HOG feature descriptor, the distributions (histograms) of directions of gradients

(oriented gradients) are used as features. Gradients (X and y derivatives) of an image

are useful because the magnitude of gradients is large around edges and corners
(regions of abrupt intensity change) and we know that edges and corners pack in a lot

more information about object shape than flat regions.

2.6 Computation Histogram of Oriented Gradients

This chapter has shown the details of calculating the HOG feature descriptor.
Calculated internally by OpenCV, MATLAB, and other packages.

2.6.1 Preprocessing

The HOG feature descriptor used for pedestrian detection is calculated on 64x128
patch of an image. An image has may be of any size. Typically patches at multiple
scales are analyzed at image locations. The only constraint is that the patches being
analyzed have a fixed aspect ratio. In our case, the patches need to have an aspect of
1:2. For example, they can be 100x200, 128%256, or 1000x2000 but not 101x205.

2.6.2 Gradient Image Processing

The step of calculation is the computation of the gradients values we need to first
calculate the horizontal and vertical gradients. Specifically, this method requires

filtering the color or intensity data of the image with the following filter kernels:

[-1,0,1] and [-1,0,1]' (2.0)

We can also achieve the same results, by using Sobel operator in OpenCV with the

kernel. Next, calculate the x and the y gradient images, g, and g, from the



original image, we can find the magnitude and direction of the gradient using the

following formula:

g=+0"+ (2.2)

gz
0 = arctan| 2= (2.3)
9y

The calculated gradients are “unsigned” and therefore & is in the range 0 to 180

degrees.

2.6.3 Calculated Histogram of Gradients in 8x8 Cells

The second step of calculation involves creating the cell histogram. The image is
divided into 8x8 cells and a histogram of gradients is calculated for 8x8 cells. At each
pixel in an 8x8 cell, we know the gradient (magnitude and direction), one of the
important reason to use a feature is that it provides a compact representation. An 8x8
image patch contains 8x8x3 = 192 pixel values. (Magnitude and direction) per pixel
which adds up to 8x8x2 = 128 numbers. These 128 numbers are represented using a
9-bin histogram which can be stored, as an array of 9 numbers. Not only is the
representation more compact, calculating a histogram over a patch makes this
representation more robust to noise. Individual gradients may have noise, but a
histogram over 8x8 patch make the representation much less sensitive to noise.

The histogram is essentially a vector (or an array) of 9-bins (numbers) corresponding
to angles 0, 20, 40, 60...160. The angles are between 0 and 180 degrees instead of 0
to 360 degrees. These are called “unsigned” gradients because a gradient and its
negative are represented by same numbers. Some implementations of HOG will you
to specify if you to use signed gradients.

The next step is to create a histogram of gradients in these 8x8 cells. The histogram
contains 9 bins corresponding to angles 0, 20, 40 ...160. A bin is selected based on
the direction, and the vote (the value that goes into the bin) is selected based on the
magnitude. If the angle is greater than 160 degrees, it is between 160 and 180, and we
know the angle wraps around making 0 and 180 equivalent. The contributions of the

entire pixel in the 8x8 cells are added up to create the 9-bin histogram.



2.6.4 16x16 Block Normalization

In the previous step, we created a histogram based on the gradient of the image.
Gradients of an image are sensitive to overall lighting. If you make the image darker
by dividing all pixel values by 2, the gradient magnitude will change by half, and
therefore the histogram value will change by half. Ideally, we want our descriptor to
be independent of lighting variations. Before know how the histogram normalized,

let’s see how a vector of length 3 is normalized. We have an RGB color vector [128,

64, 32]. The length of the vector is ~/1282 + 642 +32° =146.64 . This is also called the
L2 norm of the vector. Dividing each element of this vector by 146.64 gives us a
normalized vector to [0.87, 0.43, 0.22]. Now consider another vector in which the
elements are twice the value of the first vector 2 x [128, 64, 32] = [256, 128, 64]. That
normalizing [256, 128, 64] will result in [0.87, 0.43, 0.22].which is the same as the
normalized version of the original RGB vector. Normalized a vector removes the
scale. After known normalize a vector while calculating HOG you can simply
normalize the 9x1 histogram the same way normalized the 3x1 vector. A 16x16 block
has 4 histograms which can be concatenated to form a 36x1 vector is normalized. The
window is then moved by 8 pixels and a normalized 36x1 vector is calculated over

this window and the process is repeated.

2.6.5 HOG Feature Vector

To calculate the final feature vector for the entire image patch, the 36x1 vectors are
concatenated into one giant vector. There are 7 horizontal and 15 vertical positions
making a total of 7x14 = 105 positions. Each 16x16 block is represented by a 36x1
vector. So when we concatenate them all into one giant vector we obtain a 36x105 =

3780-dimensional vector.

2.7  The Pearson Correlation Coefficient (r)

The correlation coefficient is a measure of linear correlation (the relationship, in terms
of both strength and direction) between two variables. The correlation coefficient is
sometimes called “Pearson product-moment correlation coefficient” in honor of its
developer, Karl Pearson.

The mathematical formula for computing r is:



nZxy — (2x)(Zy)

r= 2.4
JnEx®) - (207 n(zy?) - y)? 24)

Where n is the number of pairs of data

2.7.1

The value of x is such that —1<r<+1. The + and — signs are used for
positive linear correlations and negative linear correlations, respectively.

Positive correlation: If x and y have a strong positive linear correlation, r is

close to +1. An r value of exactly +1 indicates a perfect positive fit. Positive

values indicate a relationship between x and y variables such that as values

for x increase, values for y also increase.

Negative correlation: If x and y have a strong negative linear correlation, r is

close to -1. An r value of exactly -1 indicates a perfect negative fit. Negative

values indicate a relationship between x and y such that as values for x

increase, values for y decrease.

No correlation: If there is no linear correlation or a weak linear correlation, r is
close to 0. A value near zero means that there is a random, nonlinear
relationship between the two variables.

Note that r is a dimensionless quantity; it does not depend on the units
employed.

A perfect correlation of +1 occurs only when the data points all lie exactly on
a straight line. If r =+1, the slope of this line is positive. If r=-1, the slope
of this line is negative.

A correlation greater than 0.8 is generally described as strong, whereas a
correlation less than 0.5 are generally described as weak. These values can

vary based on the “type” of data being examined.

Interpret of Correlation Coefficient

Generally, the correlation coefficient of a sample is denoted by r, and the correlation

coefficient of a population is denoted by p or R.

The sign and absolute value of a correlation coefficient describe the direction and

magnitude of the relationship between two variables.

The value of correlation coefficient ranges between -1 and 1.



- The gestures the absolute value of a correlation coefficient, the stronger the
linear relationship.
- The strongest linear relationship is indicated by a correlation coefficient of -1
or1.
- The weakest linear relationship is indicated by a correlation coefficient equal
to 0.
- A positive correlation means that if one variable gets bigger, the other variable
tends to get bigger.
A negative correlation coefficient means that if one variable gets bigger, the other
variable tends to get smaller.
The Pearson product-moment correlation coefficient only measures linear
relationships. Therefore, a correlation of 0 does not mean zero relationships between
two variables; rather, it means zero linear relationships. (It is possible for two
variables to have zero linear relationships and a strong curvilinear relationship at the

same time).

2.7.2 Scatterplots of Correlation Coefficients

The scatterplots bellow how different patterns of data produce different degrees of

correlation.

Figure 2.2 Several points are evident from the scatterplots
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- When the slope of the line in the plot is negative, the correlation is negative;
and vice versa.

- The strongest correlation (r = 1.0 and r = = 1.0) occur when data points fall
exactly on a straight line.

- The correlation becomes weaker as the data points become more scattered.

- If the data point falls in a random pattern. The correlation is equal to zero.

- Correlation is affected by outliers. Compare the first scatterplot with the last
scatterplot. The single outlier in the last plot greatly reduces the correlation
(from 1.00 to 0.71).

2.8 Kinect camera

Kinect is Microsoft’s motion sensor add-on for the Xbox 360 gaming console.

e The device provides a natural user interface (NUI) that allows users to interact

inutility and without any intermediary device, such as a controller.

e The depth sensors consist of an infrared laser projector combined with a
monochrome video data in 3D under any ambient light conditions.

e The sensor is adjustable, and Kinect software is capable of automatically
calibrating the player’s physical environment, accommodating for the

presence of furniture or other obstacles.

Figure 2.3 Kinect Camera
2.8.1 Microsoft Kinect Features

The Kinect Services support the following feature:
e Depth image including player index

e RGB image

11



e Tilt (Get and set)
e Microphone Array
e Skeleton Tracking

Figure 2.4 Kinect feature

You can specify the resolution of the Depth and RGB cameras independently
via a config file, as well as the depth camera mode. The config file also specifies
whether you want skeleton tracking to be performed or not. If you do not use the
skeleton data, you should not track it because there is a performance overhead. You
cannot turn skeleton tracking on once the service is running, so it must be selected is

the config file.

2.8.2 The Kinect Sensor

e The Kinect depth sensor range is: minimum 800 mm and maximum 4000mm.

e The Kinect for window Hardware can however be switched to Near Mode
which provides a range of 500mm to 3000mm instead of the Default range. If
you are using an Xbox Kinect with the Kinect for Windows SDK then Near
Mode is not supported.

e The Kinect uses Infrared so it can see through glass. Therefore it cannot be
used reliably for obstacle avoidance if you have glass doors. Also because it

uses IR, the Kinect will not work in direct in sunlight, e.g. outdoors.

12



CHAPTER 3
HAND GESTURE RECOGNITION FOR LAO ALPHABET SIGN

LANGUAGE USING HOG AND CORRELATION

This chapter present proposed a technique for recognition of Lao alphabet sign
language. The technique of image processing, that is a Histogram of Oriented
Gradient (HOG), is applied in order to extract a characteristic of the hand image
performing individual alphabet of Lao sign language. The extracted features and the

prototype features are measured by using correlation technique.

3.1  System Overview and Experimental Setup

3.1.1 System Overview

The overview of the proposed system is shown as in Figure 3.1. A deaf person
is sitting in front of Kinect camera with about 30-50 centimeters away. He or she is
asked to perform sign language of Lao alphabet one by one. The system extracts hand
feature by using HOG. The recognized alphabet is shown on displaying monitor by

considering the correlation coefficient with the prototypes in the database.

Figure 3.1 System Overview

13



3.1.2 Experimental Setup

In the experiment, 4 different subjects are asked to perform hand gesture of all
54 Lao alphabets in one set. Each subject repeatedly performed 10 sets in which it
becomes the total of 540 gestures. The table below shows the Lao consonant and

vowel charts

Table 3.1 Lao consonant chart in a single gesture

No. Character Posture
1 LU
2 il
3 3
4 to
5) A
6 e
7 8

14



No. Character Posture

8 F

9 TeL
10 Ys
11 %
12 I
13 78
14 I
15 IV
16 V

Table 3.1 (continued)
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Table 3.2 Lao consonant chart in combined gestures

No. Character Posture 1 Posture 2
1 L
2 b
3 bl
4 b
5 5
6 7
7 £
8 Pts
9 \
10 s
11 VI

16



Table 3.3 Vowel Charts of Lao language in single gesture

No. Vowel Posture
1 ,
2 n
3 £
4 3iii
5 1
6 3X
7 A
8 viii
9 3IX
10 X

17



11 VI
No. Vowel Posture
12 3
13 i
14 3vi
15 33
16 O
17 ®
18 3
19 ¥
20 %ix
21 ¥

Table 3.3 (continued)

18



Table 3.4 Vowel Charts of Lao sign language in combined gestures

No. Vowel Posturel Posture?2

1 Siv
2 3v
3 3ii

3.2 Methodology

Figure 3.2 shows the flowchart of the proposed system. Images of the user
performing sign language are captured by the Kinect camera with a resolution of
640x480 pixels. Streaming of image frames is recorded at 30 fps frame rate. Then,
each image frame is cropped and resized to 64x128 pixels as a patch of the image.
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Figure 3.2 System Flowchart

3.3  Experimental Result and Discussion
The table below showing the Particulars of sample population, we tested the
system with four ordinary people, even if they did not know the sign language. But

practiced for almost 3 weeks.
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Table 3.5 Particulars of sample population

1% subject 2" subject 39 subject 4™ subject
N Vimonhak Saysamone Phosy Phimmasone
ame
Sombandith Soysouvanh Panthongsy Thammavongsy
Age 28 28 25 26
Gender Female Male Male Male
Master of PhD student in | PhD student in | Master student
Education Engineering in | Electrical Electrical in Computing
Computing in | Engineering Engineering in Engineering
Engineering System
System

In the experiments, Lao alphabets are performed 4 subjects, with different of

the shape of their hands, the size of their hands and also the skin color. However, the

environment factor, such as room lighting, the distance between the experimenter and

the Kinect, and so on, are controlled. For training the system, within 1 set of 54

alphabet letters. In order to evaluate the performance of the system, each subject

performs each alphabet letter 10 times and an average of recognition rate is computed.
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Figure 3.3 Experiment Result: Lao alphabet sign language

Table 3.6 Experimental Result of Subjects #1 for LAO Alphabets Sign Language
faonave] i T oa T 50 T wn T sw T e [ w T w0 [ on [ son [ cowa [inomeal

n _ [113000000 | 2 [0000000000| | 380022000| & 00| » | 410000000 [ » n 0| n 1400000000| » [ 380000000 »n 7 3
2 0011015120 2 |1020102000|  [0100110010| 2 | 001100150 | 2 [1500151501| 2 [0011001515| 2 P015100111( 2 [1500110011| 2 [0011001100| 2 | 15001500 | 2 9 1
o  [9002200000| o [2002200220 @ |2200220022| & 0020022020| & [003603636 636361 022002200 | & [2200220022| & [oc o |2200220022| & 8 2
9 [233344334| 9 |333124312| 8334433317 9 |433122134 334433440 9 [489334433| 9 [1233443344] 9 [3312449933|  4973344334) 9 [3312493744) 6 4
2 » @ » [2457665556| » 1. » » [6556623236] » (5566523655 2 » 9 1
5 |1477777777| 5 [14: { |147777 El 777777| 3 [1477232323| ) |14 ) |1477777777| 5 |9232377237] 1497777 3 [4177777777) 6 4
3 2 3 2 2 2 2 3 2 3 | 2 10 0
® |1 ® |1 [3) ® [3) ) ) ) ® [3) ® 10 0
o |1010101010| o |1010101010| o [ 281111010 156101010 | o | 101112828 3710101010 o [1010101010| o |1110101010| o [1010101010| o [1010101010| o 8 2
o 111111 |o]111111 [of111111 [o|111111 | 0121011 | 0f11.1111 | o 1412 11 111111 [of111111 |o|111111 | o 9 1
1 1111 111 | q [11 11211 1| 7 [121 11 121] 1|11 1111 1| q [111 151111 11_115115 1111 1515  [111 11 113 q |12 11 1515) [1511 11 11 5 5
v [11112121 21212111_| o | 12122121 121211 12 1211 1212 111211 1111 1212| w [ 11 121212 11_11_444 1211 11 12| v 2 8
v [333331717| v | 1719311 241111 | 0111111 | 0111111 | o| 292911 11_11.3333| v [271711 11 | o [1727113317] [111.11.11 | o 2 8
U 813131313 v [1313131313 v 4113131313 v (1313131313 u (1319191931 5 [1319101319] 1313131313 u [1313131313] v |1919104444| 3813131313 v 7 3
16151615 149151514 | u | 159141415 | U [1414141515| u [1414151599| u |1414151514] U [1414151599| u | 14141599 | u | 9151469 1461111515 111111 7 3
@ | 014140214 229141400 | o | 141422200 | o [1414001414| @ | 014140014 | @ | 002727927 2714140014| @ [ 014140014 | o |0991490099| 1400001429 6 4
1616111616| o (1516161116 1116161515 o [ 151616115 | f (1616151615 1516131116| | 1161611 o [1622151516 1616151515 1012316160] 6 4

W [1414141414| w | 14141446 | w |1414144623| 1 [4623464646  [1414141414 w |1414141414| w [1414141414| w |1414141414| w |1414141414| W [1414141414 © 9 1
W 1616161616| S |1616161616( S [1616161616| wf (1616161616 5 |1616161616| w [1616161616| S |1616161616| W [1616161616| s [1616161616| w5 |1616161616| w 10 0
o [2917271717[ » [1717172717| w |1721722229|  [2929232317|  |1717171717| » [1717171717| » [1717171717| » |1717171717| » [1717171717| » |1717171717) » 8 2
¢ |9911991191| & [9911991199| ¢ [9911991199| & |9911991199| & [9911991199| ¢ [9911991199| & |9911991199| & [9911991199| & [9911991199| & |9911991199| & 10 0
o |1818181818 o 1818181818 o [1818181818 o [1818181818| o [1818181818 o [1818181818| o [1818181818) o (1818181818 o [1818181818| o [1818181818) o 10 0
s [1919101919| & |1919191919| 5 [1919191919| s [1919191019| s [1919191919| s [1919191919| 5 |1919191919| s [1919191919| & |1919191919| s [1919191919 & 10 0
o o o © 149202020 | o |1 o )| o o o o b 10 0
o | 121244444 1212121212 v |1444121212| w [1212121212| v [1212121212| v |1212121212| w | 412121212 | o | 612121212 | w | 412121212 | o [1212121212] & 9 1
g 2121212121| o 121212121| g |2323212321} 7777232323 121212121 o |2121212121| g [2121212121| o |2121212121| o 121212121| g |2121212121| & 8 2
s |1212222212] 5 | 121222224 | 5 (1212222212 5 | 12222212 | 5 [1212222212 5 [ 124222212 | 5 |1212222212| 5 1212222212 5 | 142222212 | 5 |1212222212| 10 0
™ |9 3| ™ 3 x 2323232323 x [232323 x 2323 U o9 3 I 2323 ™ © [1423232323| Ix [ 923232323 | Ix 9 1
! © © [5555514555| 142323 1x x Ix 1 1x [2513131313 Ix 5 5
X [2424242424| x |2424242424) ¥ 2424242424 ¥x (2424242424 Ix | 248882424 824242424 | x |2424242424| ¥ |2424242424| x |2424242424| ¥ [2424242424 9 1
x” x"| 261112526 625126261 x| x x7] x7 x] xT x| 8 2
x” 52517| x|2525: 5| x[1725252727| x| 726262727 77252627 525272725| x"|252527 x25: 5| x”252527 x|2525272727| x| 8 2
552828 X 62626 x” 8| x 19[ x 4 6

X 2513251325 1 X X x"[1313252525| x[1313252525| x X 6 4

xg 88292929 [ x9 x9 x9 x9 xq x9 xq [1434342920  [3434292029] xq x9 9 1
x»_ [313130303( xa X xa X [3030303034 x1 [3( X X X2 X 3d X 10 0
X' [3131313131 x'[3131313131) x'[3131313131 x'[3131313131) x 3131313131 x[3131313131 x '[3131313131 x[3131313131 x'|3131313131 x [3131313131) x 10 0
x| x x| x| x] x 9 6 7 3

x~ |33.33.33_| x7|33.33_33_| x"[33.33.33_| x|33.33_33_| x"|33.33_33_| x"[33.33.33_| x 33733,33,[ x”|33733733, x"|33_33_33_| x| 33_3733_ 9 1
x2 434343434 x9 (3434343434 x [3434343434 xo [3737373737 x 3737373737 x 837373434 x 3437373434‘ x2 |543434343A x [3434343434 x9 [3737343434 x1 7 3
X 3§ xz 3534 x: 353534 x: (3030303030 x: 8529383838 2! 353 35 x: [3030303030 2938383435 5 5
x 63636363 x [3636393939 x [363636363¢ x '[363636363§ x [363636363¢ x '[363636363¢ x [3636363636 x '[363636363¢ x [363636363§ x P6: 6 8 2
x, [3734373737 x 3737373737 x [3737373737 x (3737373737 x 3737373737 x [3737373737 x _[3737373737 x [3737373737 x_[3737373737 x [3737373737 x 10 0
X, x B8 X, x p838383834 x p838 X, 3¢ x, 83§ x X, X, 10 0
x~ p938383839 3839394239  393939393f x[3939393939 x 3939393939 x"[3939393939 x“[3939393939 x"[3939393939 x"[3939393939 x"[39393939 8 2
X [4140404040| cx [4040404040| cax r4040404040 c (4040404040 cx [4040404040| cox [4040404040| cx [3840404040| cox |4041414141|  [4041414141|  [4141414040| 7 3
o |a141414141 o [s141350138] 3838383841 |4141414101] o [4101010101] o [a101010101 o [4141419101] o [a141010101] o [a101010101 o [4141020101] o 8 2
«®  |1343a14140] |a0a1413243] 4343434343 x3|a141414141 4133_33_ 4034404040)  4343434343] x5 [3641434343| xO [4343434343) x5 4343434343 x5 5 5
x_|444a141014 x_l44aaa4aaad x l1aaaa4aaaaq x_paaasssaasd x_ha 4444444444 x 14444444444 x 14424442244 x_paaasaaaaaq x | 9 1
x x'!' x| x' x x’ x x| x x| x 10 0
x" 4242424242 x“f4242424242 x"[4242424242| x"[4242424242| x"[4242424242| x"|4242424242| x"[4242424242| x"|4242424242| x"[4242424242| x"[4242424242| x"| 10 0
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Table 3.7 Experimental Result of Subjects #2 for LAO Alphabets Sign Language

n 00000000 | » [ 90000000 | n | 91414141 | @ [ 20000000 | » | 34000000 | n | 41000000 | » | 30000000 | n | 30222000 | e [ 90000000 | » | 90014141 | @ 7 3
2 [9010000100|  [2001020010|  [0001110011| 2 [1000111000| 2 [1000111001| 2 [1000111000| 2 [1000101010[  [1000111000| 2 |1000011115| 2 (0102221001 @ 6 4
12l 0000000] = [0000: 0| & 000 & 100C © 20022000 e |( 0000: 2] 0000 e |20 000| & 720000: 2] 9 1
9 3315444415( o B3344433 9 |2121213344| 9 (3344213444 9 [3214421213| 334412133 9 1112121211 334433443| 9 44333443 9 3443344 9 8 2
a 5 |5666615158 s 2|6 6655155615| 2 15| » | 551556156 155561515 1555161515 5 5
3 14777777 3 7 7 3 7 7 3 777777 |z | 23777777 | = | 11777777 9 | 34777777 | 5| 23777777 | 3 | 47777555 | = | 42177777 3 10 0
2 14888888 | g | 14888888 | o (88888888 | 5 | 88888888 | o | 18888888 | 5 | 88888888 | o (88888888 | 5 | 86888812 | g [ 34888888 | 5 | 34888888 | g 10 0
© 34999999 | © ) © | 34999999 [ o © © | 34 © ) ) D) 10 0
o 27101010 | o [ 14101010 | o | 9101010 | o [ 14101010 | o | 9101010 | o | 1101010 | o | 10101010 | o | 9101010 | o | 27101010 | o | 1412727 9
o (111111 | 0111111 | 0111111 | o 292111 292111 11|  [142111_11_| 11427931 1111111 1201199111 © [11.11.11_| o 4
7 111_11_101 111_11_10 1111111 | 7 (11212 121 x [112 11 111] ¢ [11_11_1111| 7 |111_11_101| 1011_11_10 1011_11_10| 1011_11_10 4
v [1211.61212| 1211 11 12| w | 1211_1212 1211_11_12| w |1211_11_12| v [ 1211_1212 1211_11_12| v |1211_11_12| v [ 1211_1212 1211_11_12| v 6 4
» v [391793333| » 1 | 318332117 171732121 217777317 318317173 171717333 | » | 173317173 173333333| » 4 6
L [813131313| v [131313131| v [ 34131313 | v | 14131313 | v [ 13131313 | v [ 13771313 | v | 29131313 [ v | 27131313 | v | 13131313 | v [ 29181313 | L 10 0
U [1414141515| U [1514141415 u [ 159141414 1514141415 U [1514141415| u [1591499111| e [1591491414 (1414141515 U |1514141415| u [1499141415| U 7 3
@ [4214142720|  [0141414000| e (2421481414  |4114141140| o (0814141400 e [2141414002| e (2141414241 414646468 9148814841 246141414 4 6
o [1416161610| [1016161610| [1616161010| [1116161611| o (1811616161 o [1168881616] o [4116161610| s [1010188816]  [2920161616 111168888 4 6
W 299149999 | ® |1414141414| o (1414141414| o | 149991414 2914141414| ® |1414141414| © | 914141414 | © |1429141414 o [1429141414| ® |1414141414| © 9 1
15 1416161616| S [4541161616| 1 |1416161616| J [1617161616| s |1616161616| J [1616161616| S |[4629161616|  |1617161616( J [1316161616| s |1316161616| W 10 0
D 2417171717| » |1729171717| » [1714171717| » 9 2917292929 2917929917 175292917 2917171717 » |1717171717| » [51711 _1717| » 6 4
¢ [1099991111| o [1599991111 & | 199991515 1999911111| & | 999991515 1999991010/  |1099991111( ¢ | 119999910 | & |1099999101| & 1099434343 6 4
i) 1418181818| o | 18181818 | o (243181818 | o |2914231414| w (2329141414 v [1418181818| o |1814291818| o [1418181818| o [1418181818| o [1418181818| o 8 2
s [1110191019| s [1917171919| s |1914191919| s [1914191919| s [2919191919| s | 190192819 199382819 1917281919| s |1428191919| s [1938191919] & 8 2
o |1 )| 1420202020 o | 029202020 | o | 201492020 920202020| o [2014202020| o |2020202020| o [2920202020| o |2020000920| (9142029920 6 4
5] 141212129 | o | 121229444 | g [12124121217 v |291212121 o | 412121212 | v [1412121212| v |1244441244 129121229 294121212 | w |2211224112 6 4
£l 921212121 | & | 21821219 | o [9189992121)  |9999992121 121212121| o [2121212121| o [2129212121 & |2121212121| & [2199210999] o [ 999219999 | © 6 4
s 12121222 s (2221121212 2212122222| s [221512121 121212 s | 222212124 | 5 |2212121222| 121212 s [2212121222| 5 [2212121222| § 8 2
™ 1 ]245 )i )i 2 1 )i 1 1 [2317232323| 7 6! )i 10 0
1x ] ! |p185432323| ! |51 | 915923523 ] ! ] 6 4
™% 624242424 | 1 [2424242424| Y | 724242424 | | 246242424 | { |2415242424| 1 2429122424 824242424 | 1 |2418242424| U [2424242424| 1 |2424242424 } 9 1
x” xT x7] x| 1 3 7
x”  |2525252727| x7| 627272725 | X x| 2526272625| x J11262726259 x”[1717172617| 252527617 2525272725 x| 6 4
x” x[1917252525)  |19: 8| x| 2555201910|  |2525252019 281928512 | 25174224223 |2528252516| 2 8
1. 2 x| 252729290 1715262527 xT X xT x71 x| 6 4
x9  [3229884529 929292929 5 [2917292929| 9 |2929292929|  [2929292929| 9 [3029292929| | 382984529 929292929 5 [2930292929| 9 | 292984545 7 3
X 2929308737 3718303012 30: C X9 (3836302442 02448302, 3024303030 x9 X9 [8292436824| 2930303030| x» 4 6
x' 3131313131 x'[3117383131) x'[3131313131 x '[303021243 303737303(] x» [3031313131) x'[303030303( x> 9 [3230313131 x'[3130313131] x 6 4
13232: x| 4 x| 9 6! 3 4 x7 6! x| 323. x 3232 x| 9323 x| 329: x| 9 1
X~ |33.33.33_| x"[33_33_33_| x"|33_33_33_| x"|33_414141 33_33_33_| x'[33.33_33_[ x7|33.33_33_| x"[303733_37 33_33_33_| x7[33.33.33_| x~ 8 2
X2 [343030303( x» |2930303029| x» [3437373734 x 3434343737 x 3437373734 x _[3434343434 x» [3737343434 x9 [3434373737 x [3737373737 3737373737 2 8
xz Xz xv xs xe Xt Xz xs 7 3
x'  [B638383636 3636393939 |363536335 x'[3939393636  363636363§ x '[3636363636 x '[363636363¢ x [363636363( x [363636363§ x '[36 x' 7 3
X, 3737373737| X«|3737373737| x”|3737373737 X [3737373737 x [3737373737 x [3737373737 x [3737373737 x [3737373737 x [3737373737 x [3737373737 X, 10 0
x 535353535 X, x 4141353838 |3535414141 8 X, 83834 x x [3535414138 5 5
x7 242423939 4; x| x| x"|36364242: 4242393942 x"] x| x| 6 4
a  [3737374141|  [3737414141]  |4040404040| cx [3737404040| cx [3740404037| c 4343434040  3737404343| (434343404 3737404040| cx |4040404040] cx 5 5
=3 3841414141 ox [4138414141| x |4144414141( x |4444414444 14141414138| x [3838414141f ox [4141414141| x |3841414141| x |4441414141| x |4144444141 8 2
X6 43434343 x5 [4043434343| x5 |4343434343| x5 (4343434343 x5 |4444434343 x5 4343434343 x5 4343434343 x5 4343434343 x5 [4343434343| x5 4343434343 x5 10 0
x_ |4545414144| (4141444441  |4445414444|  [4545414144]  |4444444444| x |4544444444] x_|4144444444| x 11444444444 x_|4544444444| x |4444444444] x 6 4
e 10 0
4242424242| x"|4242424242| x"[4242424242| x"|4242424242| x"|4242424242| x"|4242424242| x"|4242424242| x"|4242424242| x"|4242424242| x"[4242424242| X" 10 0
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Table 3.8 Experimental Result of Subjects #3 for LAO Alphabets Sign Language
(wpmaver| s | e | ow [ e T e [ e [ T en [ e [ ion | coma [ iomea |

n__|oac 00| » |1 © |2700000000| » 2700000000 » |0000000000| » [0000000000] » |0000000000| » [3800000000] » |0000000000| » 0| » 9 1
2 [0011100011| 2 | 100011111 | 2 [1000111111] 2 |1000011111| 2 [1010051111| 2 |1115111_10]  [0000111111| 2 [1111_00011] 2 |1011_00011| 2 1101010001 2 9 1
o) C [2) o |2 0 © |2000122200| o |01 0009992000 n o 6 4
9 4444444 9 441212333 | 9 293312433 333444477 | 9 344334433 9 [3344331244 q [3344334417| 9 [3174433443| 9 |1717171733|  |4212121222 7 3
o |s552727 6662355527| o 72729 6667755527| » [6661616555| 2 |611 2711 5|  [5556272766| & |6555527127 7| » 755527276 % 6 4
3 7733377777 = 7 7 3 (77 7 3 (97 7 7| 3|77 7 7| = |1477777777| = (14777 7 3 [29777 7 3 [2977 7 3 [2977 7 3 10 0
2 3 3 2 2 gl 2 82484 g 3 3 3 10 0
) ® |1 ® ® ®© ) ) 3] ® [3) © 10 0
o [1410101010| o |1010101010| o [1710101010| o |1010281010[  [1310101010| o |1410101010| o 2710101010 o |2710101010| o | 610101010 1010101010 o 8 2
(3] 1111 11 [ o] 2911 11_ | o [11.11 11 | 0111111 [ 0] 131211 | of 141111 [ o]11.1111 | of1111 11 | 0] 2011 11 | o] 291111 | o 10 0
n  [1111 1121) g 1211 1113f g {1212 1221) v |12 11 2221 7 [12 12 1121 v 132 11 121] 1 {1212 11 1| o |11111 111| 1 [111.11 111) q[11.11 111 | g 9 1
) 11_11_1212| v [11_11_1212] v |11 11_1212[ v [11_11_1212] v [11_11_1212| 1 |11 11 1212| v [11_11 1212 v [11_11_1212| v | 1211 1224 1111 1212 v 9 1
v |17 333[ » » » |33333311_ w [11_3171717| » [3171733177]  3331717317) » |173333333| v [317717333| 2331723323 5 5
v 1313131313 v [3113131313 v B813131313) v (1313131313 v [1313131313) v |131313133( v [1320202020] o |1313131313( v (1316131313 v |1413131313| L 9 1
U [1515151414| U |1515151414| u | 111151514 | u |1515151414| u [1415151514 u |1515151414| u [1515151414 u | 215151514 | U |1515151414 u [1427111511 9 1
5] 000141414 | @ | 000141414 | @ |4141412222] 002141414 | @ (1441272000 0001414142| ¢ |2722222222 4300221414| @ | 142200014 |  |1422700014| © 7 3
o [1616111116| o |1616161117| o |7716777773] 1623711_ 1616161111| o | 167771616 161616111 | of | 161671111 | o [1616161111| o |1616161111| o 7 3
W 1414141414 w |1429141414| (1429141414 w [2914141414|  |1414141414| w [ 149142714 | w |1414141414( w [1414141414| w |1314141414( W [1414141414| w 10 0
W [1616341216]  |1616161616| w [1316161616| s |1616161616| w [1616161616 s |1617121212| v [3016161616| 1 |1616161616| 1 |1617161616| s [1616161616] 8 2
O 1711 11 | o |1717171717| » |1717171717| » [1717171717| » (1717171717 » |1717171717| » 1717171717 » |1717171717| » 1717171717 » [1717171717| » 9 1
¢  [4999271111| & |9999111199 & [9999111130| & [9991111199| & [9991111999| & |9991111199| & (9991111199 & [9991111199| & |9991111199 & [ 999911111 | & 10 0
o |0018181815 o |1818181818 o [1818181818 o 3829181818 o [182991899| 1818181818 o [1818181818| o [1818181818) o [1818181818| o [1818181818) o 9 1
s [1919191919| s |1919191919] s [1911111911 1915191919| s |1919191919 s [ 919191919 | s | 191711119 1915191919| s |1919191919| s | 194000019 7 3
2 020202020| o © [ 120202020 | o | 200202020 [ o [2020202020| o |2020202020| o |2020202020( o o1 © |2020202020| o 10 0
o 121212121 v |121212121 v |1214121212] v |122212121 v |121212121 o |291212121 o) |1212121212] v [1212121212] v (1212121212| v (2112121212 » 10 0
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Table 3.9 Experimental Result of Subjects #4 for LAO Alphabets Sign Language
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The table below shows the result of the testing experiments and the overall

average recognition rate performed by 4 different subjects is about 79%.

Table 3.10 Recognition result

User Userl User2 User3 User4 Average

Correct 83.33 84.71 7882 69.02 78.97

Incorrect 16.67 1529 30.98 21.03 21.03
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3.4 Conclusions

In this chapter proposes a system of recognition Lao alphabet sign language
using HOG feature extraction and correlation coefficient measurement technique.
Sine some of the alphabets is required to perform a series of gesture, it is resulting in
difficulties for the experimenters to maintain a constant speed for performing of hand
gesture consistently. However, if available, the system is tested with the deaf people,

a promising higher recognition rate could be achieved.
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CHAPTER 4
RECOGNITION OF LAO SENTENCE SIGN LANGUAGE USING

KINECT SENSOR

In this chapter presents a technique for recognition Lao sentence sign language
by using a Kinect sensor. By using the Kinect sensor, feature joint positions of the
human body can be tracked. After that, the joint angles between each pair of joint
vectors of the adjacent joint position are measured. When the user performs a series of
posture representing a simple sentence Lao sign language, the system records joint

angles that are significantly changed from one posture to another posture.

4.1  Principle and Methodology of Image Recognition System

4.1.1 System Analysis

Figure 4.1 shows a block diagram of the proposed system. A deaf person is
sitting in front of the Kinect camera at about 50 centimeters away. While performing
a series of sign language sentence, the camera is recording stream of images. With
Kinect’s SDK, the joint position of the human body can be tracked. This system
requires only sitting posture of the performer in order to translate the performed sign
language. The angles between vectors of the adjacent joint position are measured. Sets
of joint angles are defined corresponding to the feature postures that explicitly
representing a sentence of sign language. Feature postures of sign language can be
one, two, or three sets depending on how complex of performing the posture. Features
are stored in the database for recognition phase. When feature posture match with the

database the system displays translated sign language on the monitor.
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Figure 4.1 System Overview

4.1.2 Recognition Process

Flowchart of the recognition process is shown in Figure 4.2. The system reads
a stream of images from the Kinect camera. It then detects the joint positions of the
body. The interested joint positions are 10 positions at the head, chest, right shoulder,
right elbow, right wrist, right hand, left shoulder, left elbow, left wrist, and left hand.
A pair of adjacent joints is connected and represented by a joint vector.
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Start

A4

Read input image from Kinect camera

Detect position of the chest, shoulders,
elbows, forearms, wrists

Compute the angle between vectors of
joint positions

Compare joint angles with this prototype
in database

Display output sentence

End

Figure 4.2 Recognition process

4.1.3 Connection Map for Joint Position

The connection map describes the connection of each pair of vectors
connected between two adjacent joint positions are shown in Table 4.1 and all joint

position are depicted in Figure 4.3.
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Table 4.1 Connection map

No. Joint Position Vector Connection

1  Head [12]

2 Chest [12],[23],[27]
3 Rightshoulder [2 3], [34]

4 Right elbow [3 4], [4 5]

5 Right wrist [4 5], [5 6]

6 Right hand [5 6]

7  Leftshoulder [27],[7 8]

8 Leftelbow [7 8], [8 9]

9  Leftwrist [8 9], [9 10]

10 Left hand [9 10]

Figure 4.3 Tracked feature joint positions

4.2  Experiments

We had carried out experiments to evaluate the performance of our proposed

system. Ten simple sentences of the daily life communication had been used. They
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are “Hello”, “How are you”, “How are you?”, “I’m fine”, “Where are you going?”,
“Have you eaten yet?”, “What is your name?”, “See you again”, “Let’s eat”, “Do you
understand?”, and “Thank you”. The sign language of the mentioned sentences had
been performed and recorded by the Kinect camera. We had defined set of tracked
joint positions as the feature postures representing each sentence. Table 4.2 shows

feature posture generated from the experiment.

Table 4.2 Feature postures

No. Tracked Joint Position Meaning
1 IIVE Xaniii
(Hello)
2 [IVH Xoriky
(How are you?)
3 LiVioIVE Xaniii
(I’'m fine)
4 @ VIE ' [IP
(Where are you going?)
5 L @] Y
(Have you eaten yet?)
6 @M BXY
What is your name?
7 Tt LBX' K 2

See you again
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No. Track Joint Position Meaning
8 @fiLF @)X
Let's eat
9 @b FXY
Do you understand?
10 UALVE " b
Thank you

Table 4.2 (continued)

From the experiments, all joint positions between the pair of adjacent joint

vectors are recorded. Table 4.3 shows experimental data recorded while performing

10 sentences.

Table 4.3 Joint angles

Right-hand Side

Left-hand Side

Sentence Step
(1-2) (2-3) (3-4) (4-5) (5-6) (6-7) (7-8) (8-9) (9-10)
IVH Xowiii 1 99 33 14 -119 -119 141 103 93 98
(Hello) 2 86 38 78 72 107 142 98 92 107
IIVE Xorib 1 88 31 25 163 172 142 109 -103  -66
(How are you?) 2 89 3 -73 -76 -133 142 110 -103 -66
LMOIVE Xariii 1 88 32 27 78 161 -172 147 156 19
(I"'m fine) 2 89 36 73 -78 99 142 109 -98 -143
@)L VIE ' TIP 1 91 30 86 -146 -142 148 98 79 69
going?) 3 91 27 47 142 172 145 127 -14  -14
P @R Y 1 91 38 72 -115 -94 139 100 91 112
(Have you eaten 2 87 42 51 -108 -97 135 124 -73  -62
yet?) 3 86 38 57 105 97 144 125 80 93
! 1 91 30 85 -147 -126 147 93 82 78
?M 2 91 29 8 -167 179 150 98  -19 -177
(What’s your name?) 3 87 30 73 -165 -163 150 102 6 -66

32



Right-hand Side

Left-hand Side

Sentence Step
(1-2) (2-3) (3-4) (4-5) (5-6) (6-7) (7-8) (8-9) (9-10)
, 1 90 44 63 -103 97 136 115 67 57
T LEX' K 2 2 87 45 77 -122 -122 135 113 42 -42
(See you again) 3 86 34 31 -108 70 147 101 82 76
. . 1 83 40 73 177 86 142 103 163 166
@i uFi @IX 2 90 38 71 -118 -104 139 100 93 110
(Let’s eat) 3 87 36 82 134 127 145 100 91 91
@ais Y 1 100 27 -16 -137 -125 145 100 82 86

(Do you understand?)

, 1 86 38 97 93 -177 143 99 96 103
WALVE " b 2 87 39 70 -169 -108 143 100 91 112
(Thank you) 3 92 54 32 -122 -126 148 104 98 82

Table 4.3 (continued)

The table below shows the angles between joint vectors with reference to the

coordinate system representing a sentence.

Table 4.4 Joint angles of sentence expressions

No Joint Angles Performing Sentences Meaning
(a) (b)
1 Hello
IIVE Xaniii
@ ®
) How are you?

([IVE XorikR)
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No Joint Angles Performing Sentences Meaning

3 I’m fine
(us\VioIlVE Xariji
Where are you

4 going?

(@b VIE ' TIP)

. Have you eaten yet?
(P @ JIRY)

5 What is your name?

(@FIRAMEXP)

Table 4.4 (Continued)
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No Joint Angles Performing Sentences Meaning

See you again

! (Trabti LK K
o Let’s eat
(@ LLFi @B
9 Do you understand?
(@b FX)
Thank you
10 1
(LAUVF ' b)

Table 4.4 (continued)
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4.3 Results and Discussions

Figure 4.4 Experiment Results: Lao simple sentence sign language

The gestures were repeated for 10 times to validate the accuracy of the
proposed systems. The correct percentages of detected gestures matching with their
meaning are shown in Table 4.5. As the result, in most of the case of the experimental
gestures, we found that it is greatly matched their meaning, except that the sentence of
“651))‘7’1)657” (let’s eat) that shows quite low recognition rate. The reason for this is
due to the complexity of posture of the sign language. As shown in Figure 4.4, the
feature postures required for the sentence of “let’s eat” composes of 3 feature
postures. While the sentence of “Do you understand?” need only to be 1 feature
posture. In addition, the time interval for the system to be able to match feature

posture from one to another feature posture must be maintained in the defined range.
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Table 4.5 Recognition results

No. Posture Correct Result (%)
. Hello %0
(IIVE Xani)i
How are you?
2 . 90
(IVE XorikEe)
I’m fine
3 (usVioIIVE Xaniji o0
Where are you going?
4 . y ’ going 60
(@ VIE ' TIP)
c Have you eaten yet? 20
(P @ JIEEY)
What is your name?
6 i 60
(@AM EXP)
See you again
7 Y , J 60
(Trebti LIX" € 2
o Let’s eat -
(@i LF @Y
Do you understand?
9 i 100
(@)X FR)
10 Thank you 80
(LAUVF " b)

Figure 4.5 Experiment Results in the Lao simple sentences sign language “hello”
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Figure 4.6 Experiment Results in the Lao simple sentences sign language “how are
you?”
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Figure 4.7 Feature posture (a) “Let’s eat” and (b) “Do you understand?”

4.4 Conclusions

This chapter introduces a recognition system of sign language performing
daily life simple sentences. The system uses a Kinect sensor camera to tracked joint
position on the deaf person’s body while performing sign language. The database of
the stores features postures i.e. set of joint angles represented key postures for
translating sign language. When the performing sign language matches with the
feature posture, the system display output sentence. The accuracy of the system is
about 75%. We are investigating to improve the performance of the system so that

this system can be useful in the real life usage.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

Sign language is one of a powerful means of communication among human.
Sign language is an essential and natural expressive mean of communication,
especially for the deaf people. This thesis has presented the Hand Gesture
Recognition for Lao Alphabet Sign Language using HOG and Correlation, a system
of recognition Lao alphabet sign language using HOG feature extraction and
correlation coefficient measurement technique. The totals of 54 Lao alphabets are
used in the experiments. Four subjects are asked to perform each alphabet of Lao sign
language in which each subject had performed totally 540 gestures. The recognition
rate of the proposed technique at about 79 % is achieved, and study of Recognition of
Lao Sentence Sign Language using Kinect Sensor. By using the Kinect sensor, feature
joint positions of the human body can be tracked. Feature joint angles stored in the
database is used to recognition the testing sentence’s posture. The recognition rate of
about 75% is achieved from the experiments performed 10 simple sentences of Lao
sign language. Solving this social issue with this system, we hope that it is more or
less can help improve the communication between deaf people and normal people,
especially in Lao PDR.
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