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Abstract

This paper presents a methodology that allows the identification
of the vocal in sign language. For this purpose, the methodology is
divided into three modules: 1) image segmentation: by methods in the
spatial domain, 2) feature extraction: using moments of Hu, and 3)
classification: through an associative memory model based on cellular
automata.
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1. Introduction

About 70 million deaf people in the world use sign language as their native
or main language [14]. The difficulties to which the deaf-mute people face in
daily life are quite difficult due to the total lack of understanding or meaning
of the sign language they use. Sign language is a means of communication
for people with hearing defciency, where words and sentences are represented
by hand gestures, and have grammatical structures perfectly defined. Due to
the difficult communication between a deaf person handling the sign language
with people who don’t know the language, some doctors have assisted with
people who know the language to handle the translation process with the goal
to study in depth the deaf culture with psychotherapeutic purposes [9]. A
system capable of performing automatic recognition of sign language without
the need of an individual translator can provide an excellent tool for deaf
people to communicate with people who don’t know the language, and thus
achieve a better way life [6]. This paper proposes a methodology to carry out
the identification of vowels in Mexican Sign Language (Figure 1).

Figure 1: Representation of the vowels in the Mexican sign language LSM.

2. Proposed Method

Before entering into detail with the proposed model, it is necessary to mention
the definition of what a digital image is. A digital image is a two-dimensional
function f(x, y) of the light intensity (brightness) in a point in space, where
(x, y) coordinates of that point [5]. Since a digital image is a function f(x, y)
discretized in both spatial coordinates and in brightness, often usually it repre-
sented as a two dimensional matrix Fij = (fij)H×W where H and W represent
the size of the image and fij = f(xi, xj) (Figure 2).

The method described, is divided into three modules: 1) segmentation of
the signal carried by the individual, 2) feature extraction and 3) classification.
Then each of the modules are shown.

1) Segmentation of the sign. For this stage are considered as follows:
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Step 1. The image is decomposed into three Red, Green and Blue (RGB)
and the red component was considered because human skin is clearer in this
component (figure 3).

Step 2. The image is considered grayscale from red plane, that is, the
red values component is copied in the green and blue component, thereby
obtaining the grayscale image.

Step 3. The image histogram was obtained with gray levels in the range
[0, 255], where the histogram is a discrete function H[k] that represents the
number of colors in each gray level (k = 0, . . . , 255) [5].

Step 4. Given an image f(x, y) and two variables u and v, binarization
by thresholding defined is used as follows:

binij =

{
0 if u ≤ fij ≤ v
255 if fij < u o fij > v

It is observed in Figure 4, the histogram shows two peaks at 0 and 255, to
remove these peaks were considered as thresholds u = 20 and v = 185.

Figure 2: Definition of an image
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Once the binarized image was obtained, we proceeded to locate the part
corresponding to the hand, therefore, it is considering the following:

Step 5. Consider a mask size x into another mask size y as shown in
Figure 5. Consider two variables u and v, to locate the area corresponding to
the hand image, is applied the following function: For each point (i, j) on the
image, whether M ij

y mask size and center at (i, j), the function is defined Tij
function is defined at each point (i, j) as

Tij : M ij
y → [0, 255]

where

Tij(r, s) = { frs if Ax ≥ u y Ay − Ax ≤ v
255 if Ax < u o Ay − Ax > v

with Ax and Ay enclosed areas by the size masks x and y respectively.

Step 6. Once located the section of the hand corresponding to the binary
image, the operator was applied morphological erosion. If A and B are subsets
of Z2, then erosion of A by B, denoted by A	B is the Minkowski subtraction
of A and B; ie: The morphological erosion is defined as [8, 11, 12]:

A	B = {x ∈ Z2|x + b ∈ A for each b ∈ B}

Step 7. morphological dilation operator applies. If A and B are subsets
of Z2, then dilation of A by B, denoted by A⊕B, is the Minkowski sum of A
and B; this is [12, 4, 1, 13]:

A⊕B = {a + b|a ∈ A y b ∈ B}

Figure 6 show the process of applying image erosion segmented hand of
a neighborhood Moore, and subsequently applying dilation 6 times the same
neighborhood. Finally, shows the image of the segmented hand color.

2) Feature extraction: In this module the characteristics were extracted
to make the image segmented 1), to thereby Hu moments invariants used. Hu
invariant moments or just moments of Hu are numerical properties obtainable
from a given image from the pixels that compose it. Hu moments are invariant
with respect to translations, rotations and escalations. To define Hu moments,
consider the following definitions pre [5, 7].
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Figure 3: Decomposition of an image in its three components RGB and
grayscale

Figure 4: Displays the first 4 steps applied to a color image
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Statistical moments are defined as mrs =
∑

i,j∈REG

irjs where r, s ∈ N REG

assembly pixels within the region.

The center of gravity of a region defined by the coordinates (i, j) where
i = m10

m00
and j = m01

m00
. From the center of gravity, the central moments defined

as µrs =
∑

i,j∈REG

(i− i)r(j − j)s.

From the previous concepts, 7 Hu moments are defined as follows:

Φ1 = η20 + η02
Φ2 = (η20 − η02)2 + 4η211
Φ3 = (η30 − 3η12)

2 + (3η21 − η03)2
Φ4 = (η30 + η12)

2 + (η21 + η03)
2

Φ5 = (η30− 3η12)(η30 + η12)[(η30 + η12)
2− 3(η21 + η03)

2] + (3η21− η03)(η21 +
η03)[3(η30 + η12)

2 − (η21 + η03)
2]

Φ6 = (η20 − η02)[(η30 + η12)
2 − (η21 + η03)

2] + 4η11(η30 + η12)(η21 + η03)

Φ7 = (3η21− η03)(η30 + η12)[(η30 + η12)
2− 3(η21 + η03)

2]− (η30− 3η12)(η21 +
η03)[3(η30 + η12)

2 − (η21 + η03)
2]

where

ηrs = µrs
µt00

y t = r+s
2

+ 1.

3) Classification. Associative memories are mathematical models which
objective is retrieve complete patterns from input patterns. The operation of
the associative memories is divided into two phases: learning stage where the
memory is generated; and recovery phase stage where the associative mem-
ory operating [10, 2]. Then the learning phase and recovery shown for the
partnership model based on cellular automata [3].

Figure 5: Masks of size x and y
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Consider the CAQ = (L,S,N , fQ) andW = (L,S,N ′, fW) withN ′ = IJ ,
and fQ : N → S, fW : N ′ → S defined as follows:

fQ(v(i,j)) =


1 if (i, j) ∈ LFS

0 if (i, j) 6∈ LFS

fW(v(i,j)) =


1 in position (i+ 1, j) if (i, j − 1) = 1

1 in position (i, j − 1) if (i+ 1, j) = 1

We define the Associative CA (ACA) in its learning phase as

W ∗Q = (L,S,N , fA) (1)

The recovery phase for the ACA makes use of the composition of erosions
and dilations CA. The algorithm which defines the phase of recovery is shown
in algorithm 1.

3. Conclusions

This paper presents a methodology that allows the identification of vowels in
sign language. For this methodology is divided into three modules: image
segmentation, extraction characteristics and classification by means of cellular
automata.

Acknowledgements. The authors would like to thank the Instituto
Politécnico Nacional (Secretaŕıa Académica, EDI, EDD, COFAA, SIP, ES-
COM and CIDETEC), the CONACyT and SNI for their economical support
to develop this work.

Figure 6: Process segmentation hand to locate the sign made
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Algorithm 1 ACA in recovery phase

Require: Fundamental set FS = {(xµ,yµ)|µ = 1, 2, . . . , p}; structuring ele-
ment B; integer value ne (number of erosions); integer value nd (number of
dilations); pattern to recovery x̃ ∈ An

Ensure: Recovery pattern ỹ ∈ Am

1. Building the Learning ACA for FS.

2. Applying ne times the cell erosion E with the structuring element B
to the initial configuration of learning ACA. This is, applied to the
configuration of the ACA, E ∗ E ∗ · · · ∗ E , ne times.

3. Applying nd times the cellular dilation with the structuring element D
to configuration obtained in point 2. This is, applied to the configura-
tion obtained in point 2, D ∗ D ∗ · · · ∗ D, nd times.

4. For the input pattern x̃ ∈ An will get the output pattern ỹ ∈ Am

applying:

for i = 1→ m do
ỹi = 1
for j = 1→ n do

if ¬(x̃j = 0 ∧ (2j − 1, 2i− 2) = 1) then
if ¬(x̃j = 1 ∧ ((2j − 2, 2i− 2) = 1 ∨ (2j − 1, 2i− 2) = 1)) then

ỹi = 0
Break

end if
end if

end for
end for
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