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Abstract Considering the reduction of the number of persons engaging in traditional
skills, archiving various types of traditional skills is required to preserve and transmit
them to future generations. We focus on representing fundamental movements and
pauses in traditional skills because they are key components in describing traditional
skills and archiving them. The fundamental movements and pauses can be described
based on the movements of a number of body parts obtained using motion capture
system. In this paper, we propose an efficient method to represent fundamental
movements and pauses using the motion data. The proposed method generates con-
cise and informative feature values from the motion data on the basis of dimension-
ality reduction and feature selection. The effectiveness of the proposed method is
evaluated through an experiment to describe several types of fundamental movements
in Japanese traditional tea ceremony.

Keywords Archiving - Traditional skill - Fundamental movement - Pause -
Dimensionality reduction - Feature selection

1 Introduction

There are a wide variety of valuable traditional crafts and industries. It becomes,
however, more and more difficult to preserve and transmit them because young
people are less interested in traditional cultures and not willing to obtain traditional
skills. Moreover, aging of the skilled people makes it more difficult to transmit the
traditional skills [1-3]. Therefore, preserving traditional skills is urgently needed.

Most of the traditional skills and industries are founded on various traditional
skills. It will be thus effective to archive traditional skills for preserving and
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transmitting them. The archives will be helpful for the people interested in tradi-
tional cultures.

In order to archive traditional skills, representing them as a certain type of digital
data is important since such type of data can be easily and widely utilized by
commonly-used personal computers. For example, video data can be used as an
archive. It is relatively easy to make an archive by recording traditional skills using a
video camera. However, the amount of video data tends to be very large and thus
archiving a wide variety of traditional skills requires a large-scale storage system. In
addition, it is difficult for novices to obtain traditional skills by simply watch the video.

In this paper, we propose a method to concisely represent traditional skills using
motion capture system. The system captures the movements of several body parts
of a skilled person using a number of markers attached on the body parts. The
movement is represented by time-series data of the position of each marker. We
define some feature values on the basis of the motion data. The amount of raw
motion data is very large due to the high sampling frequency of the motion capture
system. We intend to fully reduce the amount of data by applying dimensionality
reduction to the raw motion data. Additionally, we introduce a feature selection
method to further reduce the amount of data and find out the important movement.
Our feature values can be defined for each marker. Thus, selected features indicate
the important movement of a certain body part. This will be helpful to obtain
traditional skills.

We attempt to represent a traditional skill by decomposing it into several fun-
damental movements because a traditional skill generally consists of several fun-
damental movements. In this paper, we focus on Japanese traditional tea ceremony
as one of the representative traditional skills in Japan. It includes a sequence of
fundamental movements. Additionally, a pause, which is called “Ma” in Japanese,
is considered to be important as well as the fundamental movements [4]. We
conduct an experiment to represent seven types of fundamental movements and the
pause in Japanese traditional tea ceremony. The proposed method is evaluated from
the viewpoints of the conciseness and accuracy of the representation.

The remaining of this paper is organized as follows. Section 2 presents related
work. Section 3 explains the representation of fundamental movements and pauses.
Section 4 evaluates the representation through an experiment. Section 5 gives a
consideration about the experimental result. Finally, Sect. 6 concludes this paper.

2 Related Work

The movements of traditional skills have been studied to transmit them for future
generations. For example, the movements of craft works have been analyzed [1-3].
The pauses in traditional skills have been investigated as well [4]. A learning
system has been provided by visualizing the movements of the skills [5]. It is,
however, still difficult to precisely represent fundamental movements and pauses of
various traditional skills due to their complexity.
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The motion data could be effectively utilized to analyze and describe funda-
mental movements in traditional skills [4]. For the analysis of the motion data,
dynamic time warping [6] or Fourier transform [4] have been widely used.
However, such methods have a problem of high computational cost.

We have proposed a method to concisely represent fundamental movements and
pauses by introducing dimensionality reduction into motion data on the basis of a
quantization technique [7]. The amount of data can be considerably reduced by this
method. However, this method simply reduces the motion data of each marker.
Hence, it is impossible to distinguish important markers from unimportant ones.

In this paper, we make it possible to find out important markers as well as reduce
the amount of data. This will be useful for obtaining traditional skills as well as
developing concise archive systems.

3 Representation of Fundamental Movements and Pauses

3.1 Raw Motion Data

The motion capture system we use provides the coordinates of twenty-nine body
parts in the three-dimensional Euclidean space. Raw motion data can be represented
as the sequences (i.e., time series) of the x-, y-, and z-coordinates of the body parts.
This is the same system used in our previous work [7]. The motion M; of the ith
marker is given as the time series represented by Eq. (1).

M; = (Xi1,Yi152i1)s - - - (XN, Vi, Zin)- (1)

In this equation, N is the length of the time series (we call N number of frames),
and x;,, (¥i., and z; ,, respectively) is the x-coordinate (y- and z-coordinates) of the
ith marker at the nth frame.

The markers used to record the coordinates are shown in Fig. 1. Figure 1a shows
a skilled person with the markers and (b) illustrates the marker numbers.

3.2 Dimensionality Reduction

The aforementioned motion capture system records the positions of markers 100
times per second. Hence, 8700 real values are generated for each second since there
are 29 markers and the position of each marker represented by 3 real values (i.e., X-,
y-, and z-coordinates). Using all the values leads to high computational complexity.
For the purpose of efficient computation, we apply dimensionality reduction to raw
motion data.

At first, the x-, y-, and z-coordinates in the Cartesian coordinate system are
converted to the radius, inclination, and azimuth in the spherical coordinate system
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Fig. 1 Positions of markers

because the angles of body parts are considered to be more useful to represent
fundamental movements and pauses. The radius r;,, inclination 0;,, and azimuth
@, of the ith marker at the nth frame are given by Eqgs. (2), (3), and (4), respec-
tively. Note that the marker number i corresponds to the one shown in Fig. 1b.

— /42 2 2
Tip = xi,n +yi,n + Zi.,n' (2)
0;n = arccos( l’").
Tin
in
Pin = arctan( ) .
Xin

Based on this representation, the time series of the ith marker at the nth frame to
the (n—k+1)th frame can be described as (r,-7,,, Oin, qoivn), oo (Fingr—ts
Ointk—1,Pin+k—1), consisting of 3k values. This representation is used in our
previous work [7].

The dimensionality reduction is performed by dividing the time series into
S parts and quantizing each part. For example, when k = 20, S = 4, and n = 1, the
time series is divided into four parts P;, P,, P3, and P4 such that P; =
{(ri1: 001, 031)5 - (1is, 0is, 0:5) . Po={(ri6: 0i6: Pig)s - - (7110, 0110, 110) }»
P3 = {(riat, 011, @i11)s - - (rias, Oiss, @i15) ). and Py = {(rise, 0i16, @i16)s- - -
(r,go, 0i 20, q)i,ZO) }. We define feature values for the radius, inclination, and azimuth
of each marker. A single feature value is represented as an (S — 1)-digit ternary
number (in this example, a 3-digit ternary number). That is, this time series data can
be represented as 87 ternary numbers. This means that a fundamental movement or
a pause is represented by an 87-dimensional feature vector.

The feature values are computed through a quantization process. The quanti-
zation is based on the values of the radius, inclination, and azimuth of each marker.
A feature vector F is defined as Eq. (5).

N
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F= (Q(rlv ®r)a Q(elv ®9)7 Q(QDI ) ®(p)a L) Q(rzg, ®r)a Q(HZ% ®0)a Q(§029a ®(p))~
5)

Here, the function Q is defined as Eq. (6).

Q(aia®) = 3"6](,&(0{[,["‘1) _M(ah[)?@)' (6)

In this equation, u(e;, ) is the mean value of &; of the frames included in P;.
Note that &; can be the radius, inclination, or azimuth. That is, o; € {r;, 0;, ¢;}. For
example, u(r;, 1) is the mean value of radius in Py, namely, {ri1,ri2,7i3,¥i4, Fis}-
The quantization function ¢q is given by Eq. (7).

0 if m< -0
gm,®) =<1 else if m>0O (7)
2 otherwise.

The quantization function g returns 0, 1, or 2 depending on the value m and a
threshold ©. Note that ®,, @y, and ®,, are the thresholds for radius, inclination,
and azimuth, respectively.

In the case that the radius continuously and fully increases, p(r;, z+ 1) — u(ri, 1)
will be larger than the threshold ®,. The quantization function returns 1 in such a
case. Conversely, when the radius continuously and fully decreases, the quantiza-
tion function will return 0. If the change of radius is small, it will return 2.
Therefore, the quantized value indicates the tendency of the change of radius. Of
course, the tendency of the change of inclination and azimuth can also be obtained
through the quantization function.

The function Q produces an (S — 1)-digit ternary number. For example, when
S =4, if the radius of the first marker constantly and fully decreases, g always
returns 0 and thus Q yields a 3-digit ternary number 0003 (equivalent to the decimal
number 0). If the radius first increases, then decreases, and again increases, Q yields
1015 (equivalent to the decimal number 10). The value Q returns ranges from 0003 to
2223, namely, 0-26 in decimal representation. As a result, only 435 bits (approxi-
mately 55 bytes) are required to represent a fundamental movement or a pause since
a 3-digit ternary number is described in 5 bits. This is a quite compact representation.
Note that the size of a feature vector varies depending on the parameter of k and S. It
is necessary to experimentally determine appropriate values of k£ and S.

In our previous work, we introduced similar quantization method [7]. However,
its quantization function is different from that of the proposed method. The quan-
tization function of the previous work uses only representative frames.
A representative frame is the frame located in the center of each part P;. As for the
radius, for example, r|, 2, 74, and 75 are not used to compute the feature value from
P since the representative frame in P; is the third frame. It seems to be sensitive to
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outliers. We thus improved the feature value by using the mean value computed
from all the frames in each part.

3.3 Feature Selection

The quantization-based dimensionality reduction considerably reduces the amount
of motion data. However, the quantized data still have the redundancy because the
movements (i.e., the time series) of some of markers are not so useful to describe
fundamental movements and pauses. Removing the data of such markers leads to
further conciseness. In addition, analyzing the usefulness of each marker will result
in the discovery of important movement.

In this section, we propose a feature selection method by estimating the use-
fulness of the time series of the radius, inclination, and azimuth of each marker.
Before the description of the feature selection method, let us explain the denotation.

e ( ... Number of classes
The class means the type of fundamental movements. For example, when there
are seven types of fundamental movements and a pause, the number of classes is
eight (C = 8).

e T ... A training set
The usefulness of the time series is estimated through a kind of machine
learning. A set of training examples is thus needed for the learning. Note that a

training example is defined as a pair of a class label ¢(c € {1,---,C}) and an
87-dimensional feature vector F described in Sect. 3.2.
e N, (v,c) ... Number of training examples that the class labels are ¢ and the

feature values of «; are v
Note that v € {0003, . ..,2223} when S = 4. Since v ranges from 0 to 35~! — 1
(in decimal representation), Eq. (8) holds for each o;.

311

Yo > Nulno) =11l (8)

c=1 v=0

The proposed method selects useful features on the basis of the distribution of
Ny,. Ny, can be regarded as a two-dimensional histogram and N, (v, ¢) corresponds
to a bin of the histogram. Here, we define a normalized bin b,, by Eq. (9).

N, (v, ¢)

by, (v,¢) = —7""—.
Z;iol ! N%i (ja C)

©)
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The denominator corresponds to the number of training examples having the
class label ¢. This normalization mitigates the influence caused by the bias of the
number of training examples among all the classes.

Based on this histogram, we define the usefulness U,, for o; as Eq. (10).

U, :M. (10)

In this equation, B,, and I,, are given by Eqgs. (11) and (12), respectively.

C
> (max by, (v, ) — by, (v, j)) if max by, (v,c) > 0

B, (v) = ¢ &\ (11)

0 otherwise.
1) 1 if maxby(v,c) >0 (12)
o \V) = ¢ .
' 0 otherwise.

B,, indicates how useful o; is. By, (v) is maximized when the feature values of a;
of the training examples, which have a certain class label ¢, are v and those of the
other training examples are other than v. In such a case, it is very easy to distinguish
the examples having the class label ¢ from the other examples. On the other hand,
B,,(v) is minimized (becomes 0) when the numbers of the training examples, whose
feature values of a; are v, are same for all classes. In this case, it is impossible to
accurately classify the examples.

If there is no example whose feature value of o; is v, B,,(v) is defined as 0. Note
that max b, (v, ¢) equals O in that case and that I,, is used to ignore that case.

We select the features depending on the values of the usefulness. In the case of
selecting 10 features, for example, the features are sorted in descending order of the
usefulness and then top 10 features are selected.

4 Experimental Evaluation

4.1 Opverview of Experimental Evaluation

The experimental evaluation is conducted focusing on Japanese traditional tea
ceremony. Several types of fundamental movements and pauses in Japanese tra-
ditional tea ceremony are described on the basis of the proposed representation. In
order to evaluate the representational ability of the proposed method, we set up a
classification problem and compute the classification accuracy.

The classification problem includes the discrimination of seven types of fun-
damental movements (shown in Fig. 2a—g) and the pauses (shown in Fig. 2h) that
are considered to be important in Japanese traditional tea ceremony [4]. These
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Fig. 2 Scenes in Japanese tea ceremony: a taking Hisyaku up, b putting Hisyaku down,
¢ bowing, d putting a tea container down in front of a host, e Fukusa-sabaki, f purifying a tea
container, g putting a tea container down in front of a water jug, and h an example of pause

movements and pauses are observed in the preparation phase of making a cup of
tea. First, the host takes a Hisyaku, which is a ladle for scooping water, up (a), and
puts it down (b). Next, he bows to the guest (c). He then puts a tea container down
in front of him (d) and opens Fukusa, which is a sheet of cloth, to fold it (e). This
action is called Fukusa-sabaki. He then purifies the tea container (f) and puts it
down in front of a water jug (g). The pauses (h) appear several times typically
between a movement and the subsequent movement.

4.2 Experimental Settings

The data set used in this experiment consists of 120 examples including eight classes
as shown in Table 1. This is the same data set as used in our previous work [7].
The parameters k and S described in Sect. 3.2 were set to 40 and 4, respectively.
The thresholds ®,, ®y, and O, were set to 0.15, 0.0015, and 0.0015, respectively.
These values were determined based on the result of the preliminary experiment,
although the details of the preliminary experiment are omitted due to space limitation.
In order to construct a classification model, we used J48 implemented in Weka
3.6.13 [8]. It is the Weka implementation of C4.5 algorithm [9] which produces

Table 1 The numbers of examples of fundamental movements and pauses

Movement (Class) Number of examples Movement (Class) Number of examples
(a) 13 (e) 37
(b) 24 63) 10
(© 7 (€3] 9
(d) 11 (h) 9
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decision trees. In this experiment, we restricted the type of decision trees to binary
trees and performed a 10-fold cross validation.

4.3 Experimental Result

The classification result is evaluated by the F-measure of each fundamental
movement (a)—(g) and the pause (h). The F-measure is computed by Eq. (13) using
recall and precision defined as Egs. (14) and (15), respectively. In these equations,
X, and x, denote the set of examples whose class labels are ¢ and that classified into
the class c, respectively.

2 - recall - precision

F — measure = —. (13)
recall + precision
X, Nx,
recall = M (14)
[ Xe]

XC m c

precision = % (15)
Xc

The average F-measure of the fundamental movements (a)—(g) and the pause
(h) is shown in Fig. 3. The number of features selected varies from 1 to 87. Note
that using 87 features corresponds to the case that the feature selection is not used,
namely, all the features are used.

Figure 3 indicates that about half of features are redundant since the F-measure
with 43 features (0.756) is very close to that with 87 features (0.768). This result
shows the effectiveness of the feature selection.

Next, we compare the F-measure between the proposed method and our previous
method [7]. The F-measure for each fundamental movement (a)—(g) and the pause

0.8

0.6

F-measure

0.4
0.2

1 11 21 31 41 51 61 71 81
Number of features

Fig. 3 Average F-measure
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B 43 features & 87 features Previous [7]

0.8

0.6

F-measure

04

02

(a) (b) (2) (h)

Fig. 4 F-measure for each fundamental movement and pause

(h) is shown in Fig. 4. In this figure, “43 features” and “87 features” means the
F-measure of the proposed method with 43 selected features and with all 87 fea-
tures, respectively. “Previous” means the F-measure of our previous work.

5 Consideration

5.1 Conciseness of Representation

As described in Sect. 3.2, the proposed method can represent a single fundamental
movement or a pause in 435 bits without feature selection. This is fully concise but
the required data size is the same as that of our previous method [7]. For further
conciseness, we propose the feature selection method.

The experimental result shown in Fig. 3 shows that using half of features is
sufficient. Therefore, the data size can be reduced to 215 bits This can be a
remarkable advantage for developing large-scale archives.

5.2 Representational Ability

Figure 4 indicates that the proposed method outperforms our previous method in all
the fundamental movements and the pause. This is due to the improvement of the
quantization method. However, the F-measure of the pause is still very low. This
problem should be resolved in the future work.

Comparing the result with and without feature selection, the F-measure does not
decrease except for the fundamental movement (c). This fundamental movement is
different from the others in the point that no instrument (such as Hisyaku and
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Fukusa) is used in the movement. Some of the features eliminated by the feature
selection may be needed for this type of fundamental movement.

5.3 Computational Efficiency

We make a comparison between the proposed method and our previous method [7]
in the time required to perform the experiment described in Sect. 4.

When the feature selection is not used, the time required by the proposed method
is approximately 103 % of the time required by our previous method using a
commonly-used personal computer. The required time slightly increases because of
the difference of the quantization method.

By introducing the feature selection, the time required by the proposed method
(using 43 selected features) is approximately 97 % of the time required by our
previous method. The reduction of the number of features leads to the decrease of
required time. The feature selection is, therefore, effective to improve computational
efficiency as well.

5.4 Useful Features

The feature selection not only improves the computational efficiency but also
clarifies the usefulness of each feature. Table 2 shows the top 10 features of the
usefulness. All of them are related to the angle. Specifically, the azimuth tends to be
regarded as useful features. As for the positions of the markers, six features out of
ten features are associated with left arm or left hand. Considering this result,
analyzing angular movement around left arm or left hand may lead to the under-
standing of the important movements in Japanese traditional tea ceremony.

Table 2 Usefulness of top 10 features

Rank Feature Usefulness Rank Feature Usefulness
1 Og 2.191 6 0y 1.928
2 P23 2.085 7 07 1.870
3 P23 1.988 8 03 1.808
4 04 1.987 9 P25 1.679
5 P29 1.951 10 Pe 1.641
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6 Conclusion

For the purpose of archiving traditional skills, an efficient representation of the
fundamental movements and pauses in the traditional skills was proposed. The
proposed representation is quite compact due to the dimensionality reduction of the
motion data. In addition, we proposed a feature selection method to further reduce
the amount of data and to discover important features.

The experimental result using the data set of Japanese traditional tea ceremony
clarified that the representational ability of the proposed method is better than that
of our previous work. Moreover, we confirmed that the feature selection made the
computation more efficient compared with the previous work. The result of the
feature selection indicated that the angular movements around left arm and left hand
were discriminative. This could be a clue to the understanding of the important
movements in Japanese traditional tea ceremony.

Although most of the fundamental movement were appropriately represented by
the proposed method, the pause was not precisely represented. Improving the rep-
resentation of the pause is included in the future work. Additionally, evaluating the
proposed method for a wide variety of traditional skills is also in the future work.
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