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1 Introduction

Computer vision based researches of automatic hand-signs
classification using simple camera based image are increas-
ing rapidly in the present world. Hand-signs are the basic unit
of the sign languages. So, successful sign language recog-
nition depends on the recognition or classification of hand-
signs successfully.

The contributions of the proposed system are in three ar-
eas: 1) Hand-signs detection and segmentation using pro-
posed fuzzy rule based RGB (FRB-RGB) model combining
with Haar-classifiers and motion queue in cluttered and dy-
namic background with illumination variation environment;
2) Rotation, translation and scale invariant window-grid vec-
tor (WGV) is proposed for feature vector; 3) We have pro-
posed simple mathematical analysis based classifier that clas-
sifies the hand-signs accurately in real-time.

The technical details, proofs and evaluations can be found
in the support information.

2 Proposed system description
2.1 Hand-sign segmentation

After capturing the image sequence I’r’éb(x, y), the proposed
system starts to segment skin-like area from the ROI using
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proposed fuzzy rule based RGB (FRB-RGB) model. The pro-
posed algorithm segments each skin-color pixel according to
a set of fuzzy rules from the ROI containing hand-signs us-
ing RGB color spaces C,,, where each color pixel is repre-
sented by a color vector Pt. = (PR, PG, PE} € [0,255]. The
system extracts probable binary hand-signs I}
the skin-color pixels Pi «in With specific motions. To remove

(x,y) based on

noise, morphological closing and Gaussian smoothing oper-
ations are done on the binary image.

2.2 Feature vector generation

Before generating the grid-pattern represented by window-
grid vector (WGV), the system rotates the hand-sign centered
on center of gravity (COG) with respect to align the point of
wrist (POW) to the vertical line which is drawn through the
COG to make it rotation invariant. After clipping and normal-
ization, the system generates WGV denoted by Q represented
by Eq.(1). In Eq.(1), each window-grid value (w") is obtained
by calculating the percentage of white pixels (“1”) presented
in each window-grid (w") of the window-grid mask (WGM)
for each hand-sign.

Q=" 0o, oM, (1)

where " represents each window-grid of Q; n =
0,1,2,...,M, — 1; M,= (Size of input image)/(Size of each
window)=(150 x 150)/(30 x 30) = (5 x 5) = 25.

The area (A) of a hand-sign is calculated by counting the
total number of black pixels in normalized image I),...(x, ).
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The mean height of the hand-sign is calculated from the area
divided by total number of column ( ]’\\,) of the image. Finally,
the features are collected as & = [Q, A, 4] in the feature space
for each hand-sign.

2.3 Training method

A training module is generated for each sign class i, the sys-
tem calculates j = 100 features in each feature type of each
sign X; from the 10 signers where each signer performs 10
hand-signs. The system stores the three types of extracted
features Q{ ,A{ s /l;" in to the three sub-classes of each sign
class i and creates the training database.

2.4 Recognition method

In the recognition or classification module, the hand-signs are
recognized by measuring the maximum similarity between
the extracted features & = [Q, A, A] and the pre-trained fea-
tures §ij = [Q{, A{, /l{] of the hand-signs using Eq. (2).

Sitmnax (€, €]) = 61 X Simpax(Q, Q)
+82 X Simntax(A, AY)

+83 X Sitinax, (4, A)), 2)

where 01,02, and 03 are the recognition coefficient with the
condition, 6; + 8 + 03 = 1; Simpax(Q, Q{) is the maxi-
mum similarity between test WGV and pre-trained WGV of
the hand-signs; Simx (A, A{ ) is the maximum similarity be-
tween test area and pre-trained area of the hand-signs; and
Simpgar(A4, /1{ ) is the maximum similarity between test mean
height and pre-trained mean height of the hand-signs.

3 Experimental result and discussion

The proposed system uses a built-in webcam of ASUS A42F
series laptop with Intel Corei3 processor of 2.40 GHz and

2GB RAM. The system uses Microsoft® Visual Studio®
2008 and EmguCV (C# and OpenCV wrapper) in 32-bit op-
erating system of Microsoft Windwos7®), as system develop-
ment platform.

For testing the system, six sets of images have been used
for 46 hand-signs of Bengali sign language (BdSL) and 10
hand-signs of Chinese sign language (ChSL). The total num-
ber of testing images are 33,600 where (4, 600 x 6) = 27, 600
for BASL and (1,000 x 6) = 6,000 for ChSL in six dif-
ferent background with illumination variation environments
(E1, E2, E3, E4, ES, and E6) from 10 new signers. The sys-
tem training and testing process in the six environments are
described in details in supporting information.

3.1
model

Result of skin-color segmentation using FRB-RGB

The proposed FRB-RGB model for skin-color segmentation
is trained using 100 BASL hand-signs from the 10 different
skin-color people, where each people performs 10 hand-signs
in different environment with illumination variation. To ob-
tain the ground truth training dataset for FRB-RGB model,
we manually segment and labeled 100 images which con-
sists of 10 subsets for 10 signers. The result of the proposed
‘FRB-RGB’ model for skin-color segmentation and the com-
parison with some other existing methods using HSV [1];
Cascaded AdaBoost [2]; SPM (skin probability map) based
RGB [3]; YCbCr-K-Means [4]; Fuzzy-YCbCr based Anfis
[5] are shown in Table 1. The proposed skin-color segmen-
tation method is also applied using HSV and YCbCr color
model using the selected 33,600 off-line samples of hand-
signs, in which the proposed model gives accurate results for
skin-color segmentation with six challenging environments.
For each method we compute the average computational time
of three runs of 33,600 images.

Table 1 Hand-signs segmentation accuracy and average computation times for different methods

Accuracy
Skin-color segmentation methods /%
R1 R2

HSV [6] 86.03 77.12
Cascaded AdaBoost [2] 94.05 91.09
SPM based RGB [3] 89.97 86.57
YCbCr- K-Means [4] 94.43 91.47
Fuzzy-YCBCR based Anfis [5] 94.48 91.43
FRB-HSV (implemented by us) 95.97 93.93
FRB- YCbCr (implemented by us) 94.83 93.17
FRB-RGB (proposed) 96.47 94.53

Average computation

times/milliseconds
R1 R2
148,100.25 348,200.87
700,035.69 1,420,050.93
69,027.35 145,070.75
819,040.55 1,628,035.75
140,040.45 290,027.55
81,000.95 167,050.88
81,070.37 168,075.75
81,090.15 168,035.95

Note: R1 represents the classification accuracies using different skin-color segmentation methods combining with Haar-classifiers; R2 represents the classifi-
cation accuracies using different skin-color segmentation methods without combining Haar-classifiers
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3.2 Result of hand-signs classification

The proposed system achieves mean accuracy of 95.67% for
BdSL and 96.57% for ChSL with the computational cost of
8.01 milliseconds per frame in six challenging environments.
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From Table 2, we claim that the test results of hand-signs
classification of the proposed system (denoted by ‘HSSCS’)
show better performance than existing reputed BASL recogni-
tion system [1,6-10] in terms of accuracy and computational
cost.

Table 2 Comparison of different methods for hand-signs classification in BdSL

Accuracy/% Computational
Methods
El E2 E3 E4 ES E6 cost/(ms/f)

CM [1] 95.57 89.35 55.34 53.45 45.89 34.76 8.02
HSSCS 96.96 96.54 96.11 95.72 95.04 93.67 8.01
SHIFT-SVM [7] 88.67 87.08 79.35 77.89 67.75 63.55 90.09
LDA-ANN [8] 95.32 90.32 87.48 67.09 56.87 40.09 92.04
Skin-KNN [6] 95.56 93.88 87.07 79.38 73.05 63.85 96.46
Fuzzy-rule-based [10] 92.25 90.83 87.47 85.9 83.46 79.67 100.17
Haar-KNN [9] 93.85 93.9 90.45 89.49 87.48 86.95 94.88

4 Conclusion

This paper presents a computer vision-based hand-signs seg-
mentation and classification system using proposed fuzzy
rule based RGB (FRB-RGB) model and grid-pattern anal-
ysis. The system segments human skin-color robustly us-
ing the proposed FRB-RGB model in cluttered background
with illumination variation. Finally, the system classifies the
hand-signs with satisfactory results using the proposed fea-
ture vector [WGYV, area, mean height] based classifier by
calculating the maximum inter-correlation coefficient (ICC)
between pre-trained feature vectors and test feature vector.
The proposed system is applicable to assist as an interpreter
for communication between sign and non sign people. It can
also be used for human machine interaction (HMI) and vir-
tual reality using hand-signs.
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