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Abstract As a mainstream and important interactive mode of human-computer interaction
(HCI), due to its high degree of freedom., hand gesture interaction and gesture recognition
become a hot research topic in the literature of Computer Graphics, Virtual Reality and HCI, etc.
The traditional hand gesture recognition method which directly extracts the gesture contour or
the position information of hand joints is usually difficult to represent the differences between
hand gestures accurately. In order to solve the issues of high degree of freedom of different
gestures and the inaccurate feature representation in gesture recognition due to low resolution of
gesture images, messy image background, occlusive hands, different shape and size of fingers and
also individual differences, a new feature representation of hand gesture and the corresponding

gesture recognition method is proposed in this paper, which combines the joint rotation feature
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and fingertip distance feature. First, the 3D position information of 20 hand joints is calculated
from the depth map of the underlying hand gesture by using hand template, and also considering
the hand as a segment structures which consists of 19 segments. Then, the quaternion joint rotation
feature and the fingertip distance features are extracted by using the position information of the
hand joints, which constitutes the intrinsic representation of hand gesture feature. Finally, the
hand gesture can be effectively recognized and classified by using one-to-one support vector machine
(SVM) classifier. This paper not only presents a new feature representation and the corresponding
feature extraction approach of static hand gesture, but also proves theoretically that the proposed
gesture features can uniquely represent the 3D position information of hand joints. At the same
time, a multi-classification strategy based on one-to-one SVM is also adopted to classify and
recognize different hand gestures. We evaluate the proposed algorithm on the ASTAR dataset
with annotated hand-depth images of static gestures, which including 8 kinds of Chinese digital
gestures and 21 classes of American alphabet gestures. We compared our gesture recognition
method with the existing methods from the following two aspects. One is for different feature
representations of hand gesture, such as HOG (histogram of oriented gradients feature), SURF
(speeded-up robust feature), Feature 1 (quaternions joint rotation with rotation axis- fingertip
distance feature), Feature 2 (quaternions without rotation axis), and Feature 3 (quaternions
without rotation axis—+ fingertip distance feature). The other is for different classifier selections
for gesture classification and recognition, such as K-Nearest Neighbor ( KNN), Naive Bayes
(NB), one-to-rest SVM, one-to-one SVM. Our experiments show the efficiency and advantage
of our proposed static gesture recognition method by using the Feature 3+ one-to-one SVM in
terms of the accuracy of gesture classification and recognition. The accuracy of our hand gesture
recognition method is 99. 71% for Chinese digital gestures and 85.24% for American alphabet
gestures, respectively. Experimental results demonstrate that the proposed feature representation
based on joint rotation feature and fingertip distance feature can reflect the geometric properties of
different hand gestures, and also can accurately represent the static gestures and effectively
recognize different hand gestures.

Keywords hand gesture recognition; human-computer interaction; position of hand joints;

quaternion feature; support vector machine
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Background

As a mainstream interactive mode and most powerful
method of HCI ( Human-Computer Interaction), due to its
high degree of freedom, hand gesture and its recognition has
become a hot research topic in the literature of Computer
Graphics, Virtual Reality and HCI, etc.

of two-dimensional

Unlike the traditional
hand gesture recognition from photographs
or color images, the three-dimensional hand gesture recognition
has attracted increasing research interests. The static 3D hand
pose estimation and recognition methods can be classified into
following types: (1) discriminative approaches, (2) generative
approaches, and (3) hybrid of discriminative and generative
To solve the problems of high degree of freedom
hand

gestures in static gesture classification and recognition, we

approaches.

and inaccurate feature representation of different
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proposed a new intrinsic feature representation of 3D hand
gestures in this paper, which combining joint rotation feature
and fingertip distance feature. Extensive experimental results
demonstrated that the proposed method can achieve high
accuracy in static gesture classification and recognition. The
research result can be applied for future applications on
RGB-D depth camera based 3D human-computer interaction.
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