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Hierarchical static hand gesture recognition by combining
finger detection and HOG features

Liu Shuping', Liu Yu', Yu Jun', Wang Zengfu"*
1. Department of Automation , University of Science and Technology of China, Hefei 230027, China;
2. Institute of Intelligent Machines, Chinese Academy of Sciences, Hefei 230031, China

Abstract: Objective Hand gestures have recently been regarded as an important communication modality in human-com-
puter interaction. These gestures are considerably advantageous over traditional interfaces such as the keyboard and mouse
given their convenience and naturalness. Hand gesture interfaces have been successfully employed in many areas over the
past 20 years, including robotics, sign language communication, clinical medicine, and the entertainment industry. Recog-
nition is the key technique in most interaction systems based on hand gestures. Such recognition can be grouped into two
categories: dynamic and static hand gesture recognition. Most existing methods for static hand gesture recognition usually
perform poorly given the large number of hand gesture categories. In this study, we propose a hierarchical method of static
hand gesture recognition that combines finger detection and histogram of oriented gradient (HOG) features to overcome this

limitation. Method A hierarchical strategy is designed based on the number of outstretched fingers to solve the “large-cate-
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gory” problem described above. The basic idea is as follows: Entire categories of gestures are divided into several subsets
according to the number of outstretched fingers. This number is first recognized by a certain finger detection method as an
input gesture. Then, we derive the appropriate gesture from the subset that contains the gestures featuring the given number
of fingers via a certain feature extraction approach. Thus, the recognition problem is solved in two stages. Following the
first finger-based stage, the number of categories that must be addressed by the second layer decreases significantly. To
achieve this target, we propose a new finger detection method based on morphological operations. The proposed method
consists of the following steps. First, the hand region is detected with a skin color model. Then, the number of outstretched
fingers is identified by the finger detection method. Accordingly, a support vector machine classifier is selected from a set of
pre-classified classifiers. Finally, we calculate the HOG feature of the input gesture, which is then inputted into the select-
ed classifier to obtain a result. Result In our experiments, 25 popular static gestures are tested to verify the effectiveness of
the proposed recognition method. The one-stage HOG-based recognition method is mainly used for comparison. Experimen-
tal results demonstrate that the proposed method can improve the recognition accuracy of the conventional HOG-based meth-
od by approximately 20% . Conclusion This study makes three main contributions to literature. First, we present a new
finger detection method that can accurately determine finger position and identify the number of outstretched fingers. Sec-
ond, we design a finger-based hierarchical recognition strategy that can effectively overcome the “large-category” limitation
for conventional one-stage recognition methods. Third, we propose a two-stage method of static hand gesture recognition that
combines finger detection and HOG features. When hand regions can be detected effectively, the proposed method can per-
form satisfactorily with real-time efficiency. In the future, we will design a practical system for hand gesture recognition that
employs a robust hand detection approach. Furthermore, the presented finger detection method can be used to normalize ro-
tations as necessary.

Key words: human-computer interaction; static hand gesture recognition; hierarchical strategy; HOG features; support

vector machine
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FHAK FHIF
0 10,11,12,14,15
1 1,2,8,10,13,17,18,20,21
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3 4,16,23
4 5,16,24
5 6,25
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Table 2 Comparison between the HOG-based method
and the proposed method on recognition accuracy

/%

VI 1 g 2
=
HOG Jrik A3k HOG Jrik A0k

1 70.7 78.6 84.3 100
2 41.4 45.7 62. 1 98.6
3 54.3 63.6 70.0 100
4 53.6 57.9 56. 4 100
5 59.3 78. 6 78.6 100
6 72.1 100 79.3 100
7 75.7 92.9 87.9 100
8 67.9 72.9 71.4 100
9 58.6 65.7 71.4 100
10 60.0 69.3 65.0 100
11 42.9 52.9 65.7 100
12 100 100 100 100
13 64.3 70.7 73.6 100
14 71.4 80.0 86. 4 100
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Fig. 6 The relationship between recognition accuracy and rotation angle of two different methods
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