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Abstract—In this paper, we propose a method to recognize
periodic gestures from images. The proposed method uses a
amplitude spectrum and a phase spectrum that are obtained
by applying Fast Fourier Transform (FFT) to a time series of
intensity images. FFT is applied to each pixel of low-resolution
images. The method consists of 2 steps. First, the method detects
periodic motion regions from the amplitude spectrum. Secondly,
the method uses the phase spectrum in the detected periodic
motion region to classify the gestures. The proposed method is
robust to lighting conditions and individual differences in skin
color because it does not rely on color information. Several
experiments are performed to demonstrate the effectiveness of
the proposed method.

I. INTRODUCTION

In order to realize a more improved quality of life, a
human machine interface is required so as to perform natural
interaction between a human and a robot. Gestures, which we
use frequently and intuitively in our everyday communication,
can be one such human-machine interface.

Until now, many studies that recognize gestures have been
reported [1], [2]. In the field of virtual reality, the three-
dimensional position and motion tracking of a hand are
detected and gesture is recognized using a contact-type device
that carries a magnet sensor and a marker [3], [4]. However,
the use of contact-type device is unsuitable in the pursuit of
natural interaction because the user must carry the contact-
type device, which limits his range of motion. For this reason,
many studies based on image processing, which does not
require a contact-type device, have been conducted [5], [6].
Gesture recognition occurs from motion and change, such as
that which occurs when a hand is withdrawn from an input
image [7]. Some techniques are used to extract a motion
from an input image. One involves extracting image regions
corresponding to human skin [8]. However, the extraction
of stable hand regions is difficult because this technique is
sensitive to the lighting conditions and individual differences
in skin color. Other technique relies on background image
subtraction [9]. The environments in which this technique
can be utilized are limited to the places which background
is stationary. However, the background is often cluttered in
the real world. There is also a technique of action detection
in complex scenes with cluttered backgrounds, heavy crowds,
occluded bodies [10]. The technique of recognizing a gesture
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without preprocessing has also been studied, which extracts
image regions corresponding to a user’s hand, using a contact-
type device [11]. This study recognizes gestures utilizing the
features extracted from the video data of a time series.

In the studies referenced above, various hand gestures and
complex motions were recognized. On the other hand, gestures
with simple motion are enough for simple operations of a
machine or robot. In this operation, the robustness to illumi-
nation change and individual differences is more important
than complexity of various gestures. We focused on a hand
waving that is an intuitive gesture and can be a strong cue,
and have proposed a simple method that does not rely on
color information for the identification of waving hands in
images [12]. However, this method is limited to the recognition
of periodic repeated motions. In addition, only one gesture can
be used to express intention.

In this paper, we propose a new method for the recognition
of periodic gestures that enables the expression of two or
more simple intentions. The proposed method can be used
to identify a periodic gesture utilizing the phase spectrum
obtained by applying FFT [13]. The method is robust to
lighting conditions and individual differences in skin color
because it does not rely on color information. Additionally,
the method is robust for hand speed by utilizing the phase
spectrum differences acquired from a moving hand region.

This paper is organized as follows. In Section II, we describe
our proposed method for recognizing periodic gestures. In
Section III, we report experimental results for evaluating the
performance of the proposed method. Finally, in Section IV,
we present our conclusions.

II. PERIODIC GESTURE RECOGNITION

In this section, we describe our proposed method. First,
a periodic motion region is detected from a time series of
intensity images (Sec.II-A). Next, the moving hand region is
extracted from a periodic motion region (Sec.II-B). Finally,
the kind of gesture is identified (Sec.II-C).

A. Detection of Periodic Motion Regions

When a hand is waved periodically, the intensity value of
a pixel corresponding to the hand region vibrates between the
hand region and the background. We focus on this vibration.
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Fig. 2. Time series of low-resolution images

As this change of intensity value is periodic with a constant
cycle, we can take advantage of FFT for quantifying. By this
process, the periodic motion regions are detected.

1) Application of FFT to Time Series of Intensity Values:
Features of periodic gestures are extracted from the amplitude
and phase spectrums obtained from the time series of intensity
values.

Each image is converted to low resolution, and time series of
low-resolution images are obtained. Fig.1 shows an example of
the reduction of image resolution. The original image Fig.1(a)
is converted to the low-resolution image Fig.1(b). Let us
assume that the number of pixels of the images is m X n,
and I(i, j,t) is the intensity value of (i, j) pixel (i =1,2,---,m,
j=1,2,---,n) of t-th frame, as shown in Fig.2. By reducing
the resolution of the image, the pattern of the vibration is
smoothed. In addition, robustness against noise is acquired,
and the calculation cost is reduced.

The intensity value I(i,j,t) of a pixel corresponds to the
region of a waving hand changes as illustrated in Fig.3(a),
since the rate of the hand and the background change peri-
odically according to the waving of the hand. We apply the
normalization process to intensity values of every pixel that
have variation for the last u# frames, as illustrated in Fig.3(b).
Moreover, we apply FFT to the normalized intensity values
of the pixel and obtain the amplitude and phase spectrums,
as illustrated in Fig.3(c) and Fig.3(d). To remove the effect of
noises and reduce the calculation cost, FFT is applied to the
pixels that satisfies
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N is the number of sampling, and W is the twiddle factor
of the Discrete Fourier Transform (DFT). Re(F,) and Im(F;,)
show the real part and imaginary part of F;,.

2) Detection of a Periodic Motion Region on the Basis of
SVM: A periodic motion region is detected for every pixel by
applying SVM [14] to the amplitude spectrum.

SVMs have been successfully applied to pedestrian detec-
tion and motion/face recognition [15], [16]. An SVM is a
set of related supervised learning methods used for 2 class
classifications fundamentally. The problem of periodic motion
detection results in a combination of binary classifications.
Then, it is possible to apply an SVM.

We utilize the features of the summary statistics of the am-
plitude spectrum A,,. For example, Fig.4 shows the distribution
of the maximum value A,,,; and the mean values Ave of an
amplitude spectrum, which is obtained by performing periodic
motion and other types of motion. A, and Ave are give by
(5) and (6) respectively.

Amax = max(A,). 5)
) N2
Ave= =Y A,.
ve Nﬂ; (6)
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Fig. 6. Extraction of moving hand region

In the case of the problem of periodic motion detection, peri-
odic motion data and other motion data are not separated by
a linear separating hyperplane. An SVM creates a soft margin
that permits some misclassifications. A hyperplane, which
separates the feature space, is determined by the solution of
the following optimization problem.
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The training vectors x, are mapped into a higher dimensional
space by the function ¢. x, are summary statistics of the
amplitude spectrum A,, i.e., Anqe and Ave. The class label
is s;. w and b are parameters called weight vector and bias
respectively. ¥ is the penalty parameter of the error term. {,
is a slack variable. Furthermore, K (x4,x5) = ¢(x,)T ¢(xp) is
called the kernel function. The SVM used in our method
applies the kernel function. Fig.5 shows an example of the
detection of periodic motion by utilizing an SVM, when a
hand is waved vertically. In Fig.5(b), framed pixels indicate
regions in which periodic motion was detected. The region
of the gesture of operation and the region that is vibrating
periodically in connection with it are detected.

B. Extraction of Moving Hand Region

Periodic motion regions also contain non-hand regions, e.g.,
the vibrating region of the head, arm, shoulder or clothes, as
illustrated in Fig.5(b). For this reason, the discrimination of
a gesture is difficult. Therefore, the extracted periodic motion
region is corrected. A morphological operation is applied to all
the pixels in which periodic motion is detected. Furthermore,
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only the maximum connected region is extracted by applying
labeling processing, and it is regarded as a moving hand
region. The result of having applied a Morphological operation
and labeling processing to Fig.6(a) is shown in Fig.6(b).

C. Recognition of Periodic Gesture

A rectangular region where all the pixels of a moving hand
region are included is made. The phase spectrum of the pixel
of eight points included in the rectangular region is acquired.
The eight points are pixels that divide an ellipse circumference
inscribed in the rectangular region into eight equal parts.
As features, the 12-dimensional phase spectrum differences
between the pixel of eight points are acquired. Fig.7 shows
the regions where the component of the phase spectrum can
be obtained. The component of the phase spectrum of the peak
frequency is obtained when the amplitude spectrum is at its
maximum, as illustrated in Fig8.

Support vector machines for multi-class classification are
applied for the discrimination of periodic gestures. Multi-class
problems with more than two classes have typically been
solved combining independently produced binary classifiers.
We use the one-against-one approach in which k(k —1)/2
classifiers are constructed and each one trains data from
two different classes [17]. The SVM is calculated for the
rectangular region and the periodic gesture with the maximum
number of votes is discriminated as the specific gesture. To
make the recognition more robust, the recognition of periodic
gestures is performed when this condition continues for /
frames. Fig.9 shows the flow of the recognition of periodic
gestures described above.
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II1. EXPERIMENTS

In this section, we show some experimental results to
demonstrate the effectiveness of the proposed method to
recognize periodic gestures. The following three points are
evaluated in the recognition of the periodic gestures.

- Robustness for lighting conditions

- Robustness for a different subjects

- Robustness for hand speed

A. Four Periodic Gestures

The experiments were performed for four kinds of gestures:
horizontal, vertical, clockwise, and counterclockwise repeated
motions of hand. Fig.10 shows the four periodic gestures.
They are typical examples of periodic gestures, that can
be interpreted to have a certain meaning, such as decision,
stopping, or changing some quantities. They can be applied to
give a command in the Intelligent Room [18], for example.

B. Experimental Conditions and Parameters

Every calculation, including FFT for every pixel and recog-
nition, is performed by a PC with Core2Quad(2.4[GHz]). For
inputting images and converting the images to low resolution,
we used Microsoft Directshow software and the image pro-
cessing software Intel OpenCV. LIBSVM [19] was utilized

(a) Horizontal (b) Vertical

(c) Clockwise (d) Counterclockwise

Fig. 10. Four periodic gestures

as a SVM software. For a web camera, we used ELECOM
UCAM-E130.

Fluorescent lights were used for lighting. The hand gestures
were performed in front of the camera. We set the measure-
ment distance to 2[m]. The number of pixels of the low-
resolution image was 20 x 15[pixel]. The number of samplings
N for FFT was set to 32. The number of normalizations u was
set to 32. The number of estimating periodic gestures ! was
set to 20. These values were defined empirically.

When applying SVM to the proposed method, the radial
basis function (RBF) shown in the following formula was
utilized.

(%0 — x|
o2

K(xq,xp) = exp ©)

o is kernel parameters. y in (7) and ¢ in (9) were decided by
Cross validation and Grid-search.

C. Detection of Periodic Motion Region

Experiments were performed for four subjects. The four
subjects were divided into two groups, A and B. First, for
the subjects in Group A, an amplitude spectrum of four
kinds of periodic gestures and other motions was acquired
for 4,000 frames in a bright room. The other motions were
various random motions, e.g., walking randomly in the room.
These were utilized as training data. Next, for the both group
subjects, an amplitude spectrum of the same motions was
acquired for 1,000 frames in a bright room. These were utilized
as test data.

Detection rates of periodic motion for Group A and B
are 90.1% and 91.6% respectively. It is shown that a high
recognition rate is achieved for detection of periodic motion.
The difference of recognition rates in group A and B seems to
be caused by the fact that the difference in intensity between
the hand region and the background was larger in Group B.
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TABLE I
RECOGNITION RATE OF PERIODIC GESTURES FOR DIFFERENT LIGHTING
CONDITIONS (%)

(a) Bright room 250-315[1x]

Actual class Predicted class
Horizontal ~ Vertical  Clockwise Countér
clockwise
Horizontal 75 3 2 20
Vertical 0 74 6 20
Clockwise 3 71 24
Counterclockwise 5 8 16 71
(b) Dark room 60-190[1x]
Actual class Predicted class
Horizontal ~ Vertical  Clockwise Count.er
clockwise
Horizontal 73 1 3 23
Vertical 0 84 2 14
Clockwise 3 4 66 27
Counterclockwise 1 10 13 76

D. Recognition of Periodic Gesture for Different Lighting
Conditions

Experiments were performed for twenty subjects. The
twenty subjects were divided into two groups; sixteen people
in Group C and four people in Group D. First, for the subjects
in Group C, the phase spectra of four kinds of periodic gestures
were acquired for 16,000 frames in a bright room in each
case. These spectra were utilized as training data. Next, the
Group D subjects repeated each gesture 25 times in bright and
dark rooms. Illumination around the hand was 250-315[1x] for
condition 1 (bright room) and 60-190[1x] for condition 2 (dark
room), as shown in Fig.11. When the intended gesture and
the gesture which the system recognized could be matched,
the recognition of the periodic gesture was considered to be
successful. Fig.12 shows the image sequence of each periodic
gesture and recognition results.

Table I shows the experimental results. The average of the
diagonal component of Table I is the probability of recognizing
each periodic gesture correctly. It is 73% in the bright room,
and 75% in the dark room. The experiment shows the validity
of utilizing the phase spectrum in order to identify each
periodic gesture. It is also shown that a similar recognition

TABLE II
RECOGNITION RATE OF PERIODIC GESTURES FOR DIFFERENT HAND
SPEEDS (%)

(a) 2[Hz]
Actual class Predicted class
. . . Counter
Horizontal ~ Vertical ~ Clockwise K
clockwise
Horizontal 88 0 4 8
Vertical 0 80 5 15
Clockwise 16 7 59 18
Counterclockwise 8 18 10 64
(b) 3[Hz]
Actual class Predicted class
Horizontal ~ Vertical  Clockwise Counts:r
clockwise
Horizontal 76 0 6 18
Vertical 0 83 0 17
Clockwise 7 2 69 22
Counterclockwise 6 11 8 75
(c) 4[Hz]
Actual class Predicted class
Horizontal ~ Vertical  Clockwise Count‘er
clockwise
Horizontal 62 2 6 30
Vertical 0 84 5 11

rate is obtained for different lighting conditions. However,
for both lighting conditions, the false recognition rate of
counterclockwise motion is a little higher compared to that of
other gestures. Counterclockwise motion is difficult to operate
with a suitable trajectory, compared with other gestures, which
seems to make phase spectrum of counterclockwise motion
vary widely. In general, it may be difficult for a person to
move their hand in completely periodic manner. As a result of
having trained the spectrum of multiple subjects, the gesture
is recognized even in the case of an incomplete period if it is
the amplitude of natural gesture motion.

The average of the necessary time for recognition after the
start of the gesture was 1.5[s].

E. Recognition of Periodic Gesture for Different Hand Speeds

The phase spectra data of Group C acquired for Sec. III-D
was also used for training and the experiments in this section.
The Group D subjects repeated each gesture 25 times for
hand speed, i.e., 2[Hz], 3[Hz], and 4[Hz]. The clockwise
and counterclockwise motions were performed only at 2[Hz]
and 3[Hz], because it is difficult for a subject to move a
hand 4[Hz]. A metronome was used in this section, and the
experiments were performed, checking hand speed.

Table II shows the experimental results. The average of the
diagonal component of Table II is 73% for 2[Hz] and 76%
for 3[Hz]. It is also shown that a similar recognition rate is
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obtained for different hand speeds. The recognition rate for
3[Hz] is high compared to that for 2[Hz].

IV. CONCLUSIONS AND FUTURE WORK

In this study, we have proposed a method to recognize
periodic gestures. We realized the recognition of periodic
gestures by utilizing the amplitude and phase spectrum that
are obtained by FFT to a time series of intensity images. The
method does not require color information and is robust for
different degrees of illumination and different subjects. The
method is also robust for hand speed. The experiments show
the stability and robustness of the proposed method.

Future studies will include the improvement of the recog-
nition results, application to Intelligent Room [18].
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