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Abstract

Ql this research the proposes a method of recognition of BISINDO letters based on hand-shape features that hint every shape of
BISINDO Letters. In outline, this method is divided into two parts: the first is part of formation database shape features of BISINDO
letters A-Z and the second is part of BISINDO letters recognition. In the first section consist of hand-shape image acquisition that
hint every BISINDO letters, segmentation process, edge detection process, feature extraction process that is probability value of
hand-shape chain code occurrence and process of database feature formation. In the second section is consist of hand-shape image
acquisition process as BISINDO letters query followed by segmentation process, edge detection process, hand-shape feature
extraction and recognition process by using calculation difference in distance between query shape feature to each shape feature in
database feature. The image acquisition process in two parts above conducted directly (real time) via Webcam connected to the
computer device. The method above has been implemented into prototype of Bisindo letters recognition software interface. The
experiment results show the accuracy level of BISINDO letter recognition (26 BISINDO letters A to Z) which is reaching above
95%.
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1. Introduction

In Indonesia, the dumb uses sign language in communicating. One of the sign languages used is Indonesian Sign
Language or known as BISINDO. Sign language communication is conducted by hand. Known 26 handshapes that
represent 26 BISINDO letters (A to Z) [1]. The handshape that represents a letter is an important case in the
communicative movement because sign language is highly structured and very suitable as a testbed [2, 3].

The dumb can communicate each other but commonly normal people need translators to be able to understand what
the meaning of the shape of the dumb hand gestures. Automatic translation of the handshape into alphabetical
characters A - Z can be performed with the help of information technology. The shape of hand gestures was
acquisitioned into an image and then analyzed with the help of various theories of digital image processing. This
research proposes BISINDO letters recognition method based on feature analysis of handshape which represents the
BISINDO letters.

2. Related work

Hand gesture recognition technology is grouped into two parts, namely Sign language recognition based on
computer vision and Sign language recognition based on sensor data. In this research, we used gestures recognition
based on vision, in which the camera is used as an input. Video is captured in the form of video files before being
processed by using image processing [4]. The hand gestures recognition has recently become an important field of
research focusing on hand gestures recognition [5].

Some studies on sign language in Indonesia, namely Wijayanti et al. [6], conducting a research on words gestures
in sign language of SIBI using Kinect. Combining the Decision Tree algorithm and Back Propagation Neural Network
(BPGANN) used as the classification method provides the recognition rate of 96% for static gestures. Nicholaus et al
[7], conducting a study on BISINDO sign language using Principal Component Analysis (PCA). The results achieved
in this research, the recognition rate is 67.65% by using the white wall background and the recognition rate is 53.23%
by using the white shirt as background. Asriani, F and H. Susilawati [8], conducting research on SIBI sign language
gestures system using BNN (Back Propagation Neural Network) with static hand gestures recognition rate of 69%.
Indra et al. conducting a study on BISINDO sign language using Chain Code Contour and Euclidean Distance with
static hand gestures recognition and the recognition rate is 94% [9].

3. Proposed method

The analysis method of BISINDO letters recognition based on shape features is shown in Fig. 1. This method
consists of two stages: the first stage is the database formation of shape features of BISINDO letters (training stage
on the left side) and the second stage is the BISINDO letters recognition based on similarity of shape features (testing
stage on the right side). In the first stage consists of five processes, namely pre-processing, segmentation, edge
detection, shape feature extraction and database formation. In the second stage consists of five processes, namely the
first four processes are the same as in the first stage and the fifth process is BISINDO letters recognition.

3.1. BISINDO alphabet

Image inputs are BISINDO A-Z. BISINDO letter images can be represented by using one hand and two hands.
The BISINDO letters formed by using one hand consists of the letters C, E, I, J, L, O, R, U, V and Z, while BISINDO
letters are formed by two hands consist of letters A, B, D, F, G, H, K, M, N, P, Q, S, T, W, X and Y [10]. Some
research on the identification of handshape that represents the letters [11, 12, 13]. The images are in Red, Green and
Blue (RGB) format and captured from the webcam directly for used as training data and testing data. The images of
the training data are stored in a folder inside the computer.
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Fig. 1. The proposed system of BISINDO letters recognition.
3.2. Pre-Processing

At this stage, we perform an acquisition of digital video (webcam) and contrast correction. Digital video acquisition
uses YCbCr color space format expressed in the format "YUY2 320x240' producing an image size of 320x240 pixels
because this image size already good for generating information about the BISINDO letters image. Furthermore, we
set the contrast or color brightness by using gamma correction with value range that is 0 to 1. For the value of y
(gamma) close to 1 will produce darker color image that leads to black, while for the value of y (gamma) close to 0
then brighter color image that leads to white. Based on the experiment, the value of y (gamma) in the default setting
is 0.5 because this value already good for brightness of image color. This value can be adjusted according to the
desired level of precision.
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3.3. Segmentation

Color segmentation stage is a process of separation of area in an image based on the color contained in the image.
This color segmentation can be used to distinguish human skin color and other object colors including background.
This segmentation model uses the YCbCr color space and known as skin detection [14]. Hand skin color detection is
the process of separating between skin pixels and non-skin pixels [15]. In this process consist of several processes that
is Filtering, Color conversion, Skin area extraction and Morphology closing.

Filtering stage, separation of R (red), G (Green) and B (Blue) components is performed to the image that has been
acquisitioned directly by the webcam. The aim is to find the greatest value of each color component. Furthermore,
this value is used to perform value scaling of the color components of R, G and B. The output image of this scaling
process becomes the input of the filtering process. The filtering process by using the median filter aims to reduce the
noise contained in the input image.

Color Conversion stage, conversion of RGB image to YCbCr image which aims to separate the component of
luminance Y from chrominance (color components of Cb and Cr) to be easier in skin color analysis.

Skin Area Extraction stage. This process aims to separate the skin and non-skin areas. The color of the skin is
marked by two chroma components Cb and Cr at a range of values of 100=Cb=<127 and 128 =Cr=1350. All pixel
values presenting in the range are expressed as part of the skin of the hand and valued as white, while the pixel value
beyond the vulnerable will be removed or blackened. The output of this process is a binary image containing the hand-
shape object.

Morphology Closing stage. This process is used to perform closure of holes that may exist on the object as a result
of the incomplete binary process. The gap width of holes can be closed by setting the structural matrix element that is
5 rows and 5 columns (5x5) with the value of each element is 1.

3.4. Edge detection

The edge detection stage is used to extract the shape of hand edge representing each of BISINDO letters to ease
in determining each shape feature. The edge detection process is performed on the image of the morphological process
by using Roberts operator.

3.5. Feature extraction

The feature extraction stage is a process to get the shape features of each letter of BISINDO A-Z by using chain
code. The chain code used in this research is a neighboring 8-way approach (0-7) based on the Freeman chain code
model [16,17]. Furthermore, the probability calculation process is based on the appearance of each chain code because
when the image acquisition can be smaller or larger. Changes in the size of the object can cause the chain code length
to be different even with the same letter form, so that the chain code becomes independent of changes in the size of
the BISINDO letter object, it is necessary to calculate the probability for each chain code shown in Equation 1.

@ obability cc = —Cotetenst © o

Total of Code_length

At this equation 1 where Probability CC is Probability of Chain Code, Code_length(i) is The length of each 8-way
chain code and Total of Code_length is Overall length of the 8-way chain code.

3.6. Recognition

The recognition stage is conducted by measuring the similarity level of the shape features between query BISINDO
letter and the shape features contained in the database. The similarity of the features measured by using the Euclidean
distance [17]. The Smaller value of distance obtained by two letters can be declared as identical or recognizable.
Otherwise, the greater value of distance obtained then the two letters are declared different. The Euclidean distance is
shown in Equation 2.
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Euc = ‘/i@est_img - REF_img)? 2)

At this equation 2 where Euc is Euclidean Distance, Test_img is Test Image and Ref img is Reference Image.
4. Results and discussion

Fig 2. shows an example of the results of each stage of the proposed method. Fig. 2 (b) is the result of the pre-
processing of the original image (Fig. 2 (a)). Fig. 2 (c) is the result of conversion to YCbCr color space of image Fig.
2 (b). Fig. 2 (d) is the result of hand-shape object segmentation representing the BISINDO letter "C". Fig 2 (d) is the
result of edge detection by using Roberts operator of the image of segmentation result. These results indicate that the
proposed method is able to detect skin color and segmenting the hand-shape based on the color of the skin. Edge of
the hand-shape detected clearly visible and connected so the encoding of the shape features will be easier.

T

i ‘__‘ T
' A ‘(b)!

Fig 2. (a) Original Image; (b) Pre-processing result; (c) YcbCr image result; (d); Segmentation result; (e) Edge detection result.

The next stage is the feature extraction process by using the chain code contour method. The result of the shape
feature extraction process through tracking and contour following of object is shown in Fig 3. The probability values
of each chain code occurrence are used as the shape feature stored in the database.

BE6TTI0T00T00000000L001 DO000000TOOTOTT TOTOSG54 544454 544844548454
A A A B B S DA B B B S DA B A 5 B B AL Bl nd
5555554584544 30034 1333 0222222222 22202

Fig. 3. Shape of code chain contour of BISINDO letter "C" in Fig 2 (e).

For instance, the chain code probability features value of letter “C” is shown in Fig. 4. In addition, the number of
contours on the object can be used as an additional feature to distinguish the shape of BISINDO letters. In Fig 4, the
image at the bottom right side shows the shape of the letter C which has only one contour. The shape of the letter A
in Fig. 5 has two contours, i.e one contour is in the larger contour. Furthermore, the letter B in Fig 6. has three contours
ie two smaller contours located mutually close and both are in a larger contour. From the experimental results, there
are three groups of shape letters based on the number of contours. The groups are given in Table 1.

Table 1. The Contour Number of BISINDO Letters.

BISINDO letters The contour number
C.E,F,C,Q,I,J,K,L,R.S.T.U.V.W.Xandz 1
A,D,N,0,Pand Q 2
Band M 3
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In order to ease in recognize the BISINDO letters, we have developed a prototype of software interface for
BISINDO letters recognition as shown in Fig. 4, Fig. 5, and Fig. 6. This interface is connected directly to the webcam
for image acquisition as shown in part of top left side. This image is then processed to find the number of feature
contour and the chain code probability of each contour formation of BISINDO letters.

FENGENALAN HURUF BISINDOD

CRIGINAL IMAGE (RO8) MECUAN FILTER CITRA YEBER AL MGRP LT
X || r \ .
i .
d ’ Lk L]
Frob Cham Code Cira Tes
etasangan
Latier = O.png ouTER S TERY

Simidarity = 04 2874
Brob Chan Code Citra Reterens Terdekat

Fig 4. Recognition process results of BISINDO letter "C".

This feature is displayed on the table in the interface. Furthermore, features extracted from the query letters
compared to the features of each letter that has been registered in the database. The shape letter "C" in Fig. 4 is
recognized with the similarity level of 94.4874 %.

PENGENALAN HURUF BISINDO

ORIGINAL BIAGE (ROB) crTRA veBER
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Fig 5. Recognition process results of BISINDO letter "A".

The shape letter "A" in Fig. 5 is recognized with the similarity level of 95.9237 % and the shape letter "B" in Fig.
6 is recognized with the similarity level of 96.835 %.

PENGENALAN HURUF BISINDO
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Fig 6. Recognition process results of BISINDO letter "B".
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The testing result for overall recognition of BISINDO letters of A to Z are shown in Table 2. From several
experiments, in this table shows the testing results of three different query images for each letter. This experiment
results shows that the BISINDOQ letters recognition system can recognize all the query letters directly (100%
recognizable) with an average similarity level of each recognized letters is above 95%.

Table 2. Overall testing of BISINDO letters A to Z.

1st Testing 2nd Testing 3rd Testing
Leters G imilarity rate (%) Similarity rate (%) Similarity rate (%)
A 93.9363 97.6455 95.9237
B 94.8868 93,5802 96.8350
C 93.9460 95.3382 94.4874
D 94.0180 96,7040 96.2707
E 95.3493 93.1564 95.8891
F 97.4754 96.7316 95.0863
G 94.2188 95.5366 943367
H 95.1153 94.7641 96.4030
I 96.8895 94.2787 93.8514
] 92,6569 96.6478 93.6207
K 93.9637 95.5858 93.6226
L 95.1917 96,2096 93.8598
M 94.9266 94.1713 93.3747
N 98.0860 94.0211 93.4705
0 94.7096 95.3197 95.8775
P 97.9045 96,8709 97.3198
Q 94.9434 95.8844 97.4610
R 97.0361 94.1137 94,5512
s 95.4645 96.3329 95.1820
T 96.8897 96.7703 94.4739
U 96.8965 974117 95.3583
v 95.3770 95.7481 95.5378
w 97.2160 96.4569 96.6443
X 97.9551 95,5575 95.4221
Y 96.0608 98.0720 943155
z 95.1328 95.2591 94.5467
Average  95.6249 95,6988 95.1431

5. Conclusion

The proposed method can be segmenting the shape, detecting the contour shape properly, and extracting the shape
feature representing the BISINDO letters. The resulting features are the number of contours and the probability value
of chain code occurrence. Based on the number of contours, the BISINDO letters are divided into three groups the
first/Z, E, F, G, H, I, ,; K, L, R, S, T, U, V, W, X and Z has one contour, the second, A, D, N, O, P and Q have two
contours, and the last B and M have 3 contours. The experimental results show 100% of the query image can be
recognized with an average similarity level of above 95%.
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